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An Abstract O f ""Robotic Navigation "

by

John O Duinn

The aim of this project was to design software which could be used to
control autonomous guided vehicles (AGVs) through a domain without
colliding with any obstacles which might be present. The domains
modelled included both mobile and stationary obstacles. This was in
order to more realistically represent environments such as Automated
Warehouses, in which multiple, independently controlled, AGVs
travelled while avoiding collisions with both stationary obstacles such
as pallets and mobile obstacles such as other AGVs and humans.

Several different existing techniques were reviewed in detail for
suitability including Lee's algorithm, Generalised Voronai Diagrams
and Neural Networks. Those techniques which showed suitability for
navigation were implemented. Extensions and modifications were
developed to improve the performance of these techniques and
implemented. Sample domains were built, and the performance of the
textbook algorithms compared against the performance of the newly
developed variants. Benchmarks were tabulated and analysed.



Automated warehouses are good examples of the use of more sophisticated AGVs. In these scenarios,
the AGVs workspace is the entire warehouse floor. The size and location of all objects in this
warehouse are accurately known as they have been placed there by the AGV. If a human enters the

workspace, the AGV must be suspended for safety reasons until the human has left the area.

Both these types of robots share some fundamental traits. The environment in which they work must be
totally known. AIll mobile objects in the domain must travel in a pre-defined manner, without any
deviations in either direction or velocity. These systems are not capable of dealing with unforeseen or
unplanned movements within their environment. During installation, they have to be guided through the
set of movements which they are required to follow. Once these movements have been entered, the robot
will simply loop through them precisely and endlessly. Some companies have developed a computer
software interface so that the movements could be directly programmed, and thus save on the time and
expense of manually leading the robot through it's entire set of movements., but the functional

capabilities of the robot are essentially the same.

However, it is important to point out that these robots have no ability to react to or interact with the
surrounding environment and therefore these robots can only be successfully used where the working
environment is totally static. This lack of flexibility is the main reason why robots cannot be used

interactively in environments shared with humans.

1.2. Future Robots and their uses

More flexible and adaptable robots are needed which can interact with and react to an existing and
changeable environment. This flexibility is essential before robots can be taken from a carefully

controlled factory floor and introduced into mainstream human life.

Take for example the AGVs mentioned above. By travelling along pre-planned and controlled routes,
with most unknown factors (i.e. humans) carefully excluded from interfering, these AGVs just blindly
trundled up and down the same pre-planned routes. If an obstacle was encountered, the AGV simply
stopped and signalled an alert (either by siren or radio link to a control centre). Human intervention was
then required before the AGV could travel again. This type of AGV had no functional place in our fast

changing and unpredictable human society and would be forever limited to carefully controlled factory

environments.

By contrast, an AGV which was able to adapt and react to a changing environment could serve a purpose

in our society. In order to be useful, it would have to:



(i) Successfully travel in a changeable human-orientated environment with little or no human assistance.

(ii) Recognise and avoid obstacles which it may encounter. These may be static (i.e. a chair which has

been moved) or mobile (the family dog).
(iii) Perform useful and mundane tasks which would help it gain acceptance from the general community.

A lot of research is currently underway to achieve these capabilities. One well publicised project in this
area is NASA's Mars Exploration robot. The project aims to have an AGV explore the surface of Mars
with minimal human guidance. This independence is required because of the time delay in transmitting
signals from Mars to Earth and transmitting the control signals back. Another project, CMU's NAVILAB,
drives a van down a twisted Campus roadway unaided. These systems indicate some possible future uses

for robots in a changeable domain.

1.3. Path Planning versus Path Following

Regardless of the domain in which they will be used, all AGVs needed some way of deciding how to reach
the goal. The currently popular "trail following" technique was clearly unsuitable for more realistic and
unstructured environments. Therefore, one of the most obvious and important areas in which all AGVs
needed improvement was in the area of navigation software. Having an AGV which could plan it's own

route to the destination was a big improvement over AGVs which could only follow a pre-marked path.

Path planning involves the examining of a domain to determine what was the best path from the AGV to
the goal, depending on current criteria (i.e. shortest, fastest, etc.). Once a path to the goal was known,
path following ensured that the AGV adhered to this path - within the physical limitations of the AGVs
steering and navigation mechanisms. Readers interested in a general introduction to the field of path
planning are refered to [JOR86], [KNU73], [SED90] and [WINB84], Also, several path planning

algorithms are discussed in detail in Chapter 2.

This project concentrates on path planning and not path following. Readers interested in the application of
expert systems, fuzzy logic, realistic modelling algorithms, neural networks, and other techniques to the
area of path following are referred to [FEN911, [HEM92], [KRA85], [HUN91], [NIE91], [TAK®89], Path

following was the basic concept behind the "road following" type projects covered in [TH091] [TOU89]

and [WAX87|.



The navigation software required to do this should also be able to find a reasonably short path to the goal,
and also avoid any mobile obstacles which may intrude en route. This last feature was quite important for

the AGV to be able to function in more realistic environments.

1.4. AGV and Manipulator Navigation

The navigation techniques used for navigating an AGV and a manipulator arc quite different. This is
mainly due to restrictions imposed on the navigation software by the physical movement abilities of a

manipulator arm.

This project will be investigating different navigation techniques for AGVs. All references to navigation
which occur in the rest of this paper refer to AGV navigation. Readers interested in works on manipulator
navigation are referred to [CHE89], [HAWS86], [KHES88], |[LAU84], [LUMB85], [MOR90|, [OZA84],

[PAUS1], [VANS4] and [ZOM92],

1.5. Objectives of this Paper

The original idea behind this paper was to investigate how an AGV could navigate through a unstructured
environment. This was basically research into the area of path planning in an environment with both
mobile and stationary obstacles. The AGV would try to navigate from it's initial location to a given goal
location without colliding with any obstacles or possibly even other AGVs. which may be encountered en
route. During the course of this paper, we experimented with three different operating environments or

models. They were:

(i) Single AGV with Stationary Obsticles. This model contained only one AGV and several static

obstacles. At no stage could were there any mobile obstacles present.

(i) Single AGV with Mobile Obstacles. This model contained only one AGV. However, it also contained
a mix of both static and mobile obstacles. It was die responsibility of the AGV to detect a pending

collision with any of these mobile obsticles and take steps to avoid them.

(iii) Multiple AGVs. This model contained multiple AGVs, and several static obstacles. Each AGV had
it's own intended destination to reach, and treated any other AGVs encountered en route in exactly the

same manner as any other mobile obstacle.

Different criteria could be selected at run-time to decide what made one valid path better then another.

These criteria would include the shortest path, the fastest path, the path with the least number of turns and



the path with the greatest safety margin. This was easily implemented by charging a cost to travel from
one point to another. The value of this cost depended on what the current criteria was. If minimum
distance was the primary concern, then the cost was the distance between the two points. However if safety
was the primary concern, then the cost was inversely proportional to the distance of the nearest obsticle.
Regardless of the criteria, the path which the AGV travelled should be reasonably elose to the cheapest,

and ideally would actually be the cheapest path possible to the goal.

The time taken to find an acccptablc path to the goal was to be kept as short as possible. Ideally it would
be found in real-time, but this was unlikely. Attempts to achieve this included developing a new technique

for this application, modifying an existing technique or investigating a solution which was executed in

parallel.

Finally, we would like to point that this projcct was only concerned with the software aspects of path

planning. Hardware aspects were not dealt with in this paper at all.

1.6. Assumptions made in this Paper

Any assumptions made during this paper were kept to a minimum and were detailed fully here.

(i) As was mentioned above, there was a difference between manipulator navigation and AGV
navigation. This paper did not examine manipulator navigation at all. See 1.2.2 for further

information on this point.

(ii) There were one or more obstacles in the domain with arbitrary shapes and at arbitrary locations.
Some of these obstacles are stationary and others are mobile. The navigation software which
controlled the AGV has no prior knowledge of either the number, shape or mobility of obstacles it
might encounter while travelling to the goal. Mobile obstacles travelled in straight lines and initially
travel in random directions. If a impending collision was detected, the mobile obstacle chose another
direction at random. This procedure was repeated by every mobile obstacle in the domain at every

collision.

No attempt was made to use existing techniques, such as [KYR92], to predict the intended path of a
mobile obstacle. The problem was that these predictions were computationally expensive and, more
importantly, they failed in scenarios where random movements by the obstacles were permitted -

something which humans walking through an automated warehouse were quite likely to do.



(iii) Mobile obstacles could not travel any faster then the AGV. This meant that there was a known
velocity which the obstacle could not excced. If the AGV could travel at a maximum velocity of one
unit per time slice, then all the obstacles in the domain could travel at velocities up to or equal to, but
not greater than, one unit per time slice. Some of the algorithms reviewed later in this paper relied on
an obstacle to continue moving at the same velocity or in the same direction and these techniques
behaved badly if the obstacle changed direction or velocity. These techniques were mentioned briefly
for the sake of completeness, but were then excluded from further consideration. AH remaining
techniques could cope with occasional random changes of direction, as well as of velocity, although
this meant that the AGV must never enter within the radius of the safety distance to any object, as the
obstacle might randomly change direction at that moment and cause a collision. The algorithms under
scrutiny did not attempt to differentiate between permanently stationary obstacles in the domain, and
mobile obstacles which had randomly changed their velocity to zero. Because of this all obstacles, both

mobile and stationary, were enclosed within a safety margin which the AGV never entered.

(iv) All navigation algorithms were evaluated as to their performance in a two dimensional domain, over
a period of time. The time factor is an important one as it was required for representing mobile
obstacles. Some techniques were unable to deal with mobile obstacles in the domain at all. They have
been briefly mentioned for completeness, but then discounted as being inadequate for our purposes.

(v) The size of the AGV depends on the path planning technique being used. All general purpose AGV

—

navigation techniques generalise the shape of the AGV to one extent or another. This is done so that
the same technique can be used with more than one physical model of an AGV. Some techniques
represent the AGV by an enclosing circle or rectangle and then find a path for this shape through the
domain. Other techniques insist that the AGV must be of point size. Obviously an AGV cannot
actually be of point size, but it is possible to represent the AGV as being point sized, and these
navigation techniques only look at how the AGV is represented. To do this, place the AGV in an
enclosing circle. Then calculate the radius of this enclosing circle and increase the size of every other
object in the domain by this amount. Simultaneously reduce the size of the AGV by the same amount.

The result is a point sized AGV and objects in the domain which are correspondingly larger.

(vi) All of the navigation teclmiques which were investigated assumed that the robot had no trailing
cables. This meant that the AGV had to be independently powered and that any required computing
power was either installed on-board or communicated via any wireless media (i.e. radio, infra-red,
television, etc.) Both these conditions are very important. If the AGV had trailing cables connecting
to a fixed power/communications port, then the entire nature of the problem changed radically. The

problem then become a channel routing problem, rather than a path planning problem. Readers who



are interested in greedy, manhattan, river and other channel routing algorithms are referred to
[BAKS84], [BRAB84], [BURS86], [HUT85], [Sffl86], [ULL88], [YOS82], Some work on parallel

algorithms in this area was carried out in [FUN92],

At the risk of stating the obvious, we point out that while some of the researched techniques on path
planning were originally intended for use in circuit routing and VLSI design, the subject of circuit

layout was totally ignored as it was not relevant to the navigation of untethered AGVs.

(vii) The goal in the domain was of relative point size and was stationary throughout the simulation.
Mobile obstacles which encountered the goal by chance regarded it as just another obstacle, stopped

before collision actually occurred, and changed direction at random to one which offers movement

without collision.

(viii) Only techniques which guaranteed to find a path to the goal if it existed were of interest. Ideally, we
would also like this path to be the shortest path to the goal. However, paths which are not emyhe
shortest, but were still reasonably short were tolerable. However, note that algorithms which may or
may not have found a path to the goal even though valid paths did exist were of no interest to us. Also
algorithms which may find a very long path to the goal, when there were significantly shorter paths

available were of little practical use.

(ix) At the outset of this project, there was a strong requirement that any simulators written be ported to
different computer platforms. Target platforms included Dos based 80386 PCs, Unix based Rise
workstations and PC-hosted Inmos transputer systems. Therefore all code had to be written in a
realistically portable manner - being theoretically portable simply was not adequate. This had two

main implications.

Firstly, all programs had to be written in a platform independent high level language which was
available on all platforms. The only language available on all intended platforms was 'C', and only
some of these were ANSI compatible. To ensure that the same code would compile on all these
various compilers, we erred on the side of extreme conservatism when writing any programs. This

radically increased the portability of the code, although at the cost of some non-optimised code.

Secondly, no machine specific functionality could be used. Potentially useful, but platform specific
instructions for floating point co-processors, virtual memory, graphical user interfaces and the like

were not used. Utilising any of this extra functionality would be guaranteed to cause problems and



incompatibilities when porting to a different platform where that functionality was not provided.

Therefore, only 'C' routines which worked on all of the intended platforms were acceptable for use.

Original attempts to develop this set of programs in C always worked when run from within the
debugger, but crashed intermittently otherwise. After considerable effort spent tracking down this
problem, it was discovered that the C compiler had several undocumented bugs in how it coped with
far memory pointers. As these far memory pointers were needed to model the domain, this compiler
was no longer suitable and had to be replaced. We took this opportunity to tidy up the design of the
testbed programs, and rewrote them, this time in C++. This had two benefits. Firstly, the C++
compiler did implement far memory pointers properly, thus solving the original problem. Secondly,
the more modular structure of C++ enabled us to more easily isolate the standard shared functionality

of the testbed programs and thus considerably enhanced overall code legibility.

Because these coding guide-lines were followed, the testbed programs developed during the course of
this paper were easily and successfully ported to a Unix based Rise workstation. However, we could no
longer port the testbed programs to the Inmos transputer system, as there was no C++ compiler for

that platform.



2. Existing Path Planning Algorithms

2.1. Introduction

Several different existing path planning algorithms were reviewed in this chapter and their relative
performances compared. Each algorithm was evaluated on the basis of it's performances in the following

areas:

(i) The ability to find a path from the current location of the AGV to the goal, when the dimensions
and locations of all obstacles in the domain were known and all obstacles were stationary.

(if)  The computational time required to find this path to the goal, given that all obstacles in the domain
were stationary.

(iii)  The extent to which the algorithm found the optimal path to the goal, given that all obstacles in the
domain were stationary. An optimal path may be the one where the AGV was required to travel the
shortest distance, or it may be the one where the AGV reached the goal in the shortest period of
time. It may even be the path that stayed the furthest from the other obstacles in the domain.

(iv) The ability to find a path from the current location of the AGV to the goal, when the dimensions
and locations of all obstacles in the domain were known and some or all obstacles were mobile.

(v) The computational time required to find this path to the goal, given that some or all obstacles in the
domain were mobile.

(vi)  The extent to which the algorithm found the optimal path to the goal, given that all obstacles in the
domain were mobile. As in (iii) above, an optimal path may be the one where the AGV was
required to travel the shortest distance, or it may be the one where the AGV reached the goal in the
shortest period of time. It may even be the path that stayed the furthest from the other obstacles in

the domain.

Routing is the general term for deciding how to place wires from one block (i.e. chip, transistor, etc.) to
another block on the same Printed Circuit Board (PCB), or in the same VLSI chip. This is a well defined

area of research and it is broken into two main categories: Channel Routing and Circuit Routing.

All works in both categories assumed that the object being routed (a wire or an AGV) was of point size.
Channel Routing algorithms, which assumed no obstacles in the domain, were not suitable and were
omitted from further discussions. Circuit Routing algorithms, however, assumed that the size and
location of any obstacles in the domain were known and that all obstacles which were present in the

domain were stationary. They would then deal with finding paths from a point on the side of one chip to



a point on the side of another non-adjacent chip. As the target point was not on an adjacent chip, there
was usually one or more obstacles which needed to be circumnavigated. However, several different
Circuit Routing algorithms existed, with different priorities and different degrees of success for different

scenarios. Some of the more common approaches are outlined below.

2.2. Map Sectors

This algorithm required that the entire domain to be traversed be marked off into sectors, whose size was
such that the AGV is of relative point size. Each sector was identified by it's co-ordinate relative to some
absolute location and marked as either traversable (free space) or non-traversable (obstacle). Because of

this, the starting and ending locations were simply two sets of co-ordinates in the domain.

Once the entire domain was divided into sectors and categorised, the idea was to travel from the sector
containing the start position to the sector containing the goal position via a series of traversable (free)

sectors. Implementation was relatively straightforward, but there were two main limitations to this

approach.

(i) If any part of a sector was blocked by an obstruction, then the entire sector was marked as non-
traversable. While this simplification may not seem like a serious one, it meant that in
environments where two obstacles were close together, but with a potentially valid path between
them, the two obstacles could be marked as one large obstacle, and the path between them would
be obscured. In environments which had large areas of open space in them, this was not a serious
problem, although it may cause the AGV to choose a path which was longer than the absolute
shortest path. In more cluttered situations, however, this may have prevented the AGV from being

able to find any path to it's destination.

This problem can be solved by increasing the resolution of the domain and therefore reducing the
size of the sectors used. However, this also dramatically increases the number of sectors in the
domain and therefore the time required to find a path to the goal. Reducing the size of the sectors
also means that the AGV is no longer of relative point-size. As all these map sectoring algorithms
depend on the AGV being point-sized, the AGV must somehow be shrunk so that it is still of
relative point size. This is done by expanding every one of the obstacles in the domain by the

radius of the AGV and simultaneously reducing the size of the AGV to a point.

(i) This algorithm was not designed to deal with mobile obstacles. Because this algorithm was

originally designed for PCB work, all obstacles were assumed to be stationary. Thus, when an



obstacle was first detected, the sector it was in was marked as permanently non-traversable. This
means that although an obstacle may move to another sector, the now free sector was still

considered non-traversable, and a sector which was considered to be traversable was actually

occupied.

The only way in which mobile obstacles could be dealt with was to totally re-categorise all of the
sectors in every time slice, and so maintain a true up-to-date representation of the domain in the

mapped sectors. However, this was a very time consuming solution.

Storing time as a third dimension for each sector would cope with mobile obstacles by changing
the problem into one where there was a series of static 2 dimensional problems to be solved.
Attempts to implement a three dimensional map of sectors, with time as the third dimension,

worked to limited success. This "Hierarchical Strategy™ is oudined later in this chapter.

Once the domain was marked out into traversable and non-traversable sectors, there were several

different methods available for calculating the route from the starting point to the goal. The most relevant

of these are outlined below.

2.2.1. Hightower

This algorithm ran vertical and horizontal lines of point width
from both the start and end locations in the domain until they
reached an obstacle in each direction, or the end of the domain.
These lines were stored in two sets - a set of lines which
originated at the goal and a set of lines which originated at the
starting location. Every point on each of the lines in the two sets
was then checked to see how long a perpendicular line could
travel before reaching an obstacle. The perpendicular line which
would be the longest was then inserted into the relevant set and the two sets of lines re-examined to find
the new longest perpendicular line. This procedure was repeated until a line from one of the sets
intersected with a line from the other set. When this happened, the algorithm had found a path to the goal

with the minimum number of corners (or "vias™ in VLSI terminology).

W hile this algorithm was quite fast for very simple sparse scenarios, performance quickly deteriorated in

more cluttered scenarios. If the scene was a complicated one, this algorithm did not guarantee to find a



path, even if one existed [HIG69], [SOU81]. Modifications to this algorithm [HEY80] improved it's

performance somewhat, but it still did not guarantee to find a path to the goal, even if one existed.

2.2.2. Lee's Algorithm

Lee's algorithm is a flexible and robust algorithm which was originally intended to deal with the routing
of a wire from a start location to an end location on a PCB, navigating around chips and any other

obstacles which may block the direct route.

Each point adjacent to the start location is examined to sec if it is the goal, or if it is a barrier (i.e. any
part of an obstacle). If neither, then the square is assumed to be traversable and is marked as having been
examined. The direction the square was examined mnis also stored. The process is then repeated for
each of the adjacent squares, causing a ripple effect to spread out across the domain. This ripple effect
will eventually search every square in the domain, even around obstacles and reach the goal. Because
every square is marked with the direction it was examined from (i.e. it's predecessor), it is possible and
quite easy to backtrack from the goal to the starting point, thus generating the path to be traversed by the
AGV to reach the goal. Not only does this algorithm guarantee to find a path if one exists, but it also

guarantees to find the shortest possible path to the goal. [BEL87]

One flexibility of Lee's algorithm is that the definition of what exactly is an
adjacent square is flexible. In most circuit routing applications of this algorithm,
every point has only four adjacent squares to each
square. However, the algorithm works equally well with
\t/ eight adjacent squares to every square and this is more

suitable for our purposes of navigating an AGV.

Unfortunately, if the size of the domain is large, or the resolution high (or both)
then the memory requirements grow considerably while the process itselfbecomes quite cumbersome and

slow. Theoretically, this algorithm takes time in proportion to the square of the distance between start

and goal sectors. [SOU81]

Several variations of Lee's algorithm have been developed to try and reduce the time required for path
finding. Rubin's [RUB74] and Soukup's Arrow [SOU78] variations both make use of the fact that the
algorithm knows where the goal is, and give preference to points which are deemed to be closer to the
goal. These are 20 to 50 times faster than the original unmodified Lee's algorithm and go some way

towards solving the performance issue.



2.2.3. Straight Line

The simplest way to plan a path to the goal is to draw a straight line from the current location of the
AGYV to the location of the goal. If the straight line travels through sectors which has been deemed non-
traversable, then adjacent sectors are recursively checked for traversability, using Lee's algorithm, until a
route has been found back onto the original straight line path.Travelcontinuesalong the straight line
until the goal is reached, or another obstacle is encountered. While thisapproach does uselLee's

algorithm for part of the search, it is quicker than using Lee's algorithm overall. This is because the
distance from one side of an obstacle to another is typically significantly shorter than the distance from
the start to the goal and thus the time taken by Lee's Algorithm to find the other side of the obstacle is
significantly less than the time taken to find the goal. This approach has been used by the Jet Propulsion
Laboratories [THO077] as a basis of a navigation system for their AGV project, which is intended for

planetary exploration work.

2.2.4. Hierarchical / Octree

The Hierarchical approach can be used as an alternative to
the Map Sectoring approach for two dimensional domains
with only static obstacles in the domain. In an attempt to
cope with mobile obstacles, this Hierarchical approach uses
time as a third dimension when categorising every sector in
the domain. Thus, every node is referred to by it's 2D co-
ordinates and the time t. This is referred to as it's location in
"'space-time". The idea is that all obstacles, whether static or
mobile in normal space, will appear static in space-time.
Each sector is marked as traversable or non-traversable for a
a particular time period. This is based on the concept that the AGV needs to know the sector is free only
when the AGV tries to traverse it and constantly rechecks the traversabilityof all sectorsnear the AGV.

Basically, the idea is to find a path from the source to the goal through cubes which are emptya:tetlm

BadayasEl uss

A hierarchical stmcture was used, where space-time for the entire
domain was repeatedly divided into 8 cubes of equal size. Each cube
in turn was sub-divided into 8 smaller cubes. This process was

repeated until a cube fitted into one and only one of these categories:



(i) cube was totally empty
(i) cube was totally within the projected path of the obstacle.
(iii)  cube contained part of the projected path of a vertex of an obstacle.

(iv) cube contained part of the projected path of an edge of an obstacle.

It was a reasonably fast technique, and certainly faster than rcchecking the entire domain in every time
slice. Due to it's ability to sub-divide cubes into one of four categories,resolution increased where it was
needed most - at the boundaries between an obstacle and free space. This meant that anobstacle could be
of any shape and the exact shape was stored, not an enclosing rectangle. Safety margins could also be

easily implemented, as all obstacles were simply expanded by that distance.
However, there are three serious weaknesses with this approach:

(i) There was no guarantee that a path to the goal would be found, even though one may exist.

(ii)  Movement by the obstacles were limited. Translation movement were allowed, but any rotation
movement by any of the obstacles in the domain required the entire hierarchical tree of cubes to be
totally re-built.

(iii)  Calculations required to find a path to the goal could easily reach combinatorial explosion levels

and therefore increased the time required to intolerable levels.

2.3. Graph Theory

The basic idea behind this approach was to represent the entire domain in a mathematical matrix, and to
then use mathematical techniques to find the least expensive route through the matrix. This is done by
marking all the important locations in the domain (including the starting and goal locations) as elements
in a two dimensional matrix. These locations are called "nodes". All nodes which can directly connect to
each other are called "Adjacent Nodes™. The cost of travelling from one node to another is stored in an
"Adjacency Matrix" and is called an "arc™ or "edge". There are several different approaches available for

deciding which arc the important locatiorisTn the domain and two of the more important approaches are

discussed in more detail below.

The problem of finding the shortest path from starting location to the goal was now simply a problem of
finding the cheapest path through a given network. Several different techniques which can be used to find
the cheapest path through this network to the goal are discussed below. These techniques are all
established network searching algorithms and are entire areas of research in their own right. In a later

chapter, the different algorithms have been implemented and are compared against each other for
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effectiveness in the sample domains. It should be noted that all of the following graph theory techniques

outlined below are guaranteed to find a path to the goal if one exists.

It is important to explain the difference between graph trees and graph networks before we proceed any
further. In a graph network it is possible to travel in a cyclical manner - to travel down through the
network and eventually loop back to a node previously visited. This is simply not possible in graph trees,
due to the underlying design structure of trees. Unless this looping is being checked for, any graph tree
algorithms which are unwittingly used on a graph network may loop forever. A simple amendment to
existing tree searching algorithms prevented this looping from occurring. The solution was to mark each
node as visited and to store the cost of reaching that node with the other node information. When the
traversal algorithm visits a node, it first checks if the node has already been visited. If it has already been
visited, the current cost of reaching the node is compared against the previous cost of reaching the same
node. If the current visit has less of a cost then the previous visit to this node, the algorithm would
overwrite the previous visit with the current visit and continue as per normal. However, if the current cost
was greater than the previous cost, the current visit was abandoned and the path travelled to that node
trimmed out of the list of possible paths which might have reached the goal. This trimming of the search
space prevents graph tree traversal algorithms from looping when used in graph networks. Incidentally,

by only using the shortest path to a given node, it also makes the algorithm more efficient. [WIN84]

An advantage of graph theory was that obstacles could be of any shape and their exact shape was stored,
not an enclosing rectangle. Some techniques IKHEB88] require that the obstacles be enclosed in rectangles
or circles to simplify processing. Doing this also eliminated some valid paths and was therefore

undesirable. This was not required for either of the graph theory approaches.

While conventional graph theory techniques assume that all obstacles present in the domain are
stationaiy, some extensions to these techniques have been reported which allow these techniques to cope
with mobile obstacles. These existing extensions are discusscd below. In Chapter 4, we detail another

extension which we developed to allow mobile obstacles in the domain.

2.3.1. Visibility Graph

This is sometimes also called the "Delaunay Triangulation™, although this term is usually used in

conjunction with Voronai Diagrams.

For every obstacle, the extremities are found, and the free locations immediately adjacent to these

extremities are considered to be the important locations in the domain and are stored as nodes. The goal
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and starting locations are also considered to be important locations and are also stored as nodes. All
nodes which can be connected by a straight line are deemed to be "line of sight" visible to each other and

are connected by a common edge.

The rationale behind this idea is that the shortest distance
between two points is a straight line. If the goal can be reached
in a straight line from the current position (i.e. the goal is
"visible") then the AGV should travel that path directly to the
goal. If there is an obstacle blocking the path to the goal, the
shortest route around the obstacle is for the AGV to travel in a
straight line to one of the obstacles "visible™ extremities. Once
there, the AGV can try again to travel in a straight line to the goal, or in a straight line to the visible

extremities of whatever is in the way.

2.3.2. Generalised Voronai Diagram

A Generalised Voronai Diagram (GVD) is the locus of points which are equidistant from any adjacent
obstacle boundaries, including the domain boundaries. [SED90] In other words, it is the collection of

points which are in the middle of every free space in the domain.

There were two steps involved in building a GVD for a domain.
Firstly, a complete Visibility Graph was built for the domain in
question. The mid-point for every edge within that graph was
then found. Collectively, these mid-points are called the GVD for

the domain.

There are two main disadvantages to representing the domain using a GVD. Firstly, it is much more
complicated to build than a visibility graph. As was mentioned above, the initial requirement for
generating a GVD is a completed Visibility Graph. Secondly, the path generated when using a GVD s
almost always longer then one generated when using a Visibility Graph. This is because the points along
which the path is plotted are always in the middle of any free space. This difference becomes significant
when the AGV has to turn a corner. The Visibility Graph approach would let the robot travel as close as
possible to the corner vertex without actually colliding. The GVD approach would force the robot to turn

the corner in the middle of the available free space - usually a good distance away from the actual comer.
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The path found using the GVD was always the "safest" path for the robot to travel to the goal, as all the
paths always stayed as far as possible away from all of the obstacles in the domain. Furthermore, in
situations where a minimum safety margin was required, all obstacles were expanded by that amount
before the GVD was calculated. This was important for scenarios where the consequences of a collision
would be severe and far outweigh the cost of the additional travelling time required by following a

slightly longer path. (i.e. automated nuclear fuel carriers, automated munitions vehicles, etc.).

Another advantage of the GVD algorithm is that it has been successfully amended to allow the navigation
of a non-point sized AGV. In one report, [TAK89] the authors used a rectangular AGV with a pair of
steering wheels at the front, and a pair of driving wheels at the rear. The initial path planning was
accomplished using GVDs and standard graph theory. However, deciding to make a rectangular AGV
follow this intended path required some extra functionality. Fuzzy logic was used to decide at what point
the front wheels should turn and to what degree, so that the rear wheels would trail safely past the
obstacle (similar to how a bus driver knows how to turn a comer in a bus). Their report also discusses

how they modified the comers in the path, so that the corners were gentle curves rather than sharp and

impractical.

In another report [SUH88] the authors designed another variation on GVDs which allows the user to
specify a minimum safety distance between a non-point-size AGV and any obstacles. It also for allows
some optimising of the arcs which the AGV would have to follow if it followed the GVD exactly. The
routes that these techniques produce, while still not being the absolute minimum distance to the
destination, are shorter then the original GVD specified route. Also, the route now being travelled is

more realistic, as the AGV now gently curves around comers, rather then taking sharp turns just because

the obstacles do.

2.3.3. Breadth First Search Algorithm

The idea behind the Breadth First search algorithm was
similar in a way to Lee's algorithm. From a given starting
node, such as the AGV's current location, all adjacent nodes
were examined to see if any of them was the goal. If not, all
the nodes adjacent to all these nodes were then examined.
This ripple spread out through the entire network of nodes

until the goal was reached.

17



If a valid path to the goal existed, this search algorithm was guaranteed to find it and to always find the
path with the lowest cost first. If the cost of travelling between a given pair of nodes was proportional to
the distance between those nodes, the path to the goal with the lowest cost was also the shortest path to
the goal. Note that while this algorithm was originally developed for use on graph trees, it could also be
used in graph networks once the modifications outlined in 2.3 above were implemented. In pseudo code,

the modified algorithm was as follows:

(i) Insert the start node (i.e. the starting location of the AGV) into an otherwise empty queue.

(if)  Ifthe queue was empty and therefore no node could be made the current node, go to (vii).

(iii) Take the first element from the queue and make it the current node.

(iv) If the current node had been visited before, and the previous cost of the visit was less than the

current cost of the visit, dispose of the current node and go to (ii).

(v) If the current node was the goal, mark the node as visited, dispose of the current node and go to
(ii).
(vi) If the current node was not the goal, mark the node as visited. Then append all nodes adjacent to

the current node to the end of the queue, dispose ofthe current node and go to (ii).
(vii) If the goal node has been visited, display that the goal has been found. Else display that the goal
has not been found.

(viii) End program.

Note that when a vertex node was inserted into the fringe list, it was always placed at the end of the
fringe list. This meant that all other nodes already in the fringe list would be visited before this new node

was visited, thus forcing a Breadth First search of the graph network.

The running time required by the Breadth First algorithm to find the goal depended on the density of the
graph. The number of steps required for sparse graphs was in proportion to the number of nodes in the
network summed with the number of edges in the network. By contrast, the number of steps required for
dense, or complete, graphs was in proportion to the square of the number of nodes present in the graph

[SED90J.

2.3.4. Depth First Search Algorithm

The idea behind the Depth First search algorithm was to
search the network on a recursive basis, optimistically
explored a particular direction to exhaustion, before it would

search in another direction for the goal. A node adjacent to

18



the starting node was checked, and all of it's adjacent nodes checked to exhaustion, before the next node

adjacent to the starting node would be checked.

If a valid path to the goal existed, this search algorithm was guaranteed to find it. However, in it's
unmodified form, this algorithm returned the first path found to the goal, not necessarily the shortest path
available. To ensure that this algorithm did return the shortest available path to the goal, two
modifications were made. Firstly this algorithm had to be made suitable for graph networks, rather than
graph trees, as outlined in 2.3 above. Secondly, the search loop should only terminate when the queue
was totally empty, notjust because the goal had been found for the first time. In pseudo code the modified

algorithm was expressed as follows:

(i) Insert the start node (i.e. the starting location of the AGV) into an otherwise empty queue.

(ii)  Ifthe queue was empty and therefore no node could be made the current node, go to (vii).

(iti) Take the first element from the queue and make it the current node.

(iv) If the current node has been visited before, and the previous cost of visiting was less than the
current cost of visiting, dispose of the current node and go to (ii).

(v) If the current node was the goal, mark the node as visited, dispose of the current node and go to
(ii).

(vi) Ifthe current node was not the goal, mark the node as visited. Then insert all nodes adjacent to the
current node to the beginning of the queue, dispose of the current node and go to (ii).

(vii) If the goal node has been visited, display that the goal has been found. Else display that the goal
has not been found.

(viii) End program.

Note that when a vertex node was inserted into the fringe list, it was always placed at the beginning of
the fringe list. This meant that all other nodes already in the fringe list had to wait until after the new
node was visited before they Mere visited. The effect of this insertion technique was to force a Depth First

search of the graph network.

Like the Breadth First search algorithm discussed previously, the number of steps required by the depth-
first algorithm to find the goal depended on the density of the graph. The number of steps required for
sparse graphs was in proportion to the number of nodes in the network summed with the number of edges
in the network. By contrast, the number of steps required for dense, or complete, graphs was in

proportion to the square of the number of nodes present in the graph [SED90J.
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2.3.5. Priority First Search Algorithm

The idea behind the Priority First search algorithm was to search the network, always checking the
nearest node first. This was basically a variation of the Breadth First search algorithm. The cost of
reaching each of the unvisited nodes adjacent to any of the visited nodes (initially just the starting node)
was calculated, and the unvisited node with the cheapest
cost was visited. This was repeated until the goal node was

visited.

If a valid path to the goal exists, this search algorithm
guaranteed to find it and guaranteed that the path found
was the shortest. As with the previous two algorithms, this
algorithm must be made suitable for use with graph
networks, rather than graph trees. This requires the modifications outlined in 2.3 above. In pseudo code

the modified algorithm would be expressed as follows:

(i) Insert the start node (i.e. the starting location ofthe AGV) into an otherwise empty queue.

(if)  Ifthe queue was empty and therefore no node could be made the current node, go to (vii).

(iii) Take the first element from the queue and make it the current node.

(iv) If the current node has been visited before, and the previous cost of visiting was less than the
current cost ofvisiting, dispose of the current node and go to (ii).

(v) Ifthe current node was the goal, mark the node as visited and go to (ii).

(vi) If the current node was not the goal, mark the node as visited. Then insert all nodes adjacent to the
current node into the queue. The nodes inserted into the queue are inserted in ascending sequence,
using the total cost required to reach them as the key field. Finally, dispose of the current node and
go to (ii).

(vii) If the goal node has been visited, display that the goal has been found. Else display that the goal
has not been found.

(viii) End program.

When a vertex node was inserted into the fringe list, a rough approximation was made of the remaining
distance between the vertex node and the goal node. This approximate distance was used to decide the
insertion point of the node into the fringe list. Those vertex nodes which were nearer the goal were nearer
the front of the list, while those further away from the goal were towards the end of the list. The effect of

this insertion technique was to force a modified depth-first search of the graph network. The reasoning
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behind this modification was to prevent the search from going past the goal and wasting time searching

some remote comer of the network - a weakness of the Depth First search.

This algorithm will find the goal in less than proportion ((E+V) log V) steps (where E was the number of
edges and V was the number of vertices, or nodes, in the domain) if the graph was a sparse one, and V2

steps if the graph was a dense one [SED90],

2.3.6. A* Search Algorithm

The A* search algorithm also sorted the nodes which were

eligible for checking and checked the node with the lowest

cost. However, the cost was calculated in a very different

manner to the Priority First search. When a vertex node was

being inserted into the fringe list, a rough approximation

was made of the remaining distance between the vertex node

and the goal node - but it had to be an underestimate. This

approximate distance was summed with the total distance

travelled so far to reach the current node. This summation

node. This summation gives a relative index. Vertex nodes were then inserted into the fringe list in
ascending index order. Those vertex nodes which are closer to the idealistic straight line to the goal
would be nearer the start of the list, while those further away from the straight line path to the goal will
be towards the end of the list. The effect of this insertion technique was to force a modified depth-first
search of the graph network. The cost required to reach a node was added to the estimated cost of
reaching the goal from this node to give the actual cost for the node. The node with the cheapest cost was
then visited, and if it was not the goal, all adjacent nodes were costed, inserted into the queue and the

process repeated.

Ifa valid path to the goal existed, this search algorithm was guaranteed to find it and guaranteed that the
path found was the shortest. However, note that for this to be true, the estimated cost of reaching the goal
from a node must be an underestimate. Overestimating will still allow the path to be found, but the path
may not be the shortest. As with the previous search algorithms, this algorithm had to be made suitable
for use with graph networks, rather than graph trees. This requires the modifications outlined in 2.3

above. In pseudo code the modified algorithm would be expressed as follows:

(i) Insert the start node (i.e. the starting location of the AGV) into an otherwise empty queue.

(i) If the queue was empty and therefore no node could be made the current node, go to (vi).
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(iii)
(iv)

)
(vi)

(vii)

Take the first element from the queue and make it the current node.

If the current node has been visited before, and the previous cost ofvisiting was less than the
current cost of visiting, dispose of the current node and go to (ii).

If the current node was the goal, mark the node as visited and go to (ii).

Ifthe current node was not the goal, mark the node as visited. Then insert allnodes adjacent to the
current node into the queue. The nodes inserted into the queue are inserted in ascending sequence,
using the total cost required to reach them summed with the lower bound estimated cost of
reaching the goal as the key field. Finally, dispose of the current node and go to (ii).

If the goal node has been visited, display that the goal has been found. Else display that the goal

has not been found.

(viii) End program.

The reasoning behind this modification was to try all paths which are as close as possible to a straight

line to the goal. Only when all those paths have been exhausted, would this approach try searching

further afield. This prevented the search from going past the goal and wasting time searching some

remote comer of the network - as was possible with the Depth First search. It also trimmed down on the

number of steps required to find the goal node.

2.3.7. Collision Avoidance in Graph Theory

While GVDs were initially intended for work with stationary obstacles, there were two approaches found

for using GVDs in conjunction with mobile obstacles.

(M

The first approach had additional software functionality available which could take over in the
case of an impending collision. To date, | found two reports worth mentioning where collision
avoidance functionality was added which would overrule the GVD navigation software when an

imminent collision was detected.

One report |GR190] avoids mobile obstacles simply by changing the velocity of the AGV but while
still keeping to the original path specified in the GVD. Initially, an unmodified network traversal
algorithm planned a route from the AGVs current position to the goal. Tliis path would avoid
collisions with all known (and assumed stationary) obstacles. If, while travelling on this path, a
mobile obstacle was detected within a certain safety distance of the AGV, then a impending
collision was declared. Collision avoidance software would then suspend the path following
software and decide by how much the AGVs velocity should be increased or decreased in order to

avoid collision. When the AGV was deemed to have avoided the obstacle, the collision avoidance
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(M)

software hands back control to the path planning and following software and the AGV continues
on towards the goal. Note, however, that at no stage in this process did the AGV deviate from it's

originally planned path.

This non-deviation from the original path was quite important. While non-deviation from the
intended path simplified some matters (i.e. at what point should the AGV get back onto it's
original path or should a completely new path to the goal be found), it did mean that the AGV
could not easily handle the situation where an obstacle approached it head-on. If more then one
AGV was independently working in the same domain, each AGV would view other AGV’s as
mobile obstacles. In this scenario, two identical AGVs which approached each other head-on
would both stop on their current paths and wait, in deadlock, for the other to move out of the way

first. To us, this was a serious flaw in the technique.

The other reviewed report on collision avoidance software [WAN91] changed both the velocity and
direction of the AGV in order to avoid pending collisions. The Least Mean Square Error
estimation technique was used to estimate a likely position for a mobile obstacle at time t+1, given
it's positions for times t, t-1, t-2,... This technique assumed that previous movements by an obstacle
could be used to give an indication as to the next intended move of the obstacle. More recent
movements were weighted as more important than older movements. Given this estimated next
location for the obstacle, it was possible to decide on a route for the AGV which would best avoid
it. In the examples given by the authors, this estimation technique for obstacle movement worked
quite quickly. However, this technique fails in scenarios where the mobile obstacle changes
direction quickly and without warning, as humans wandering through the domain would tend to

do. It is also very computationally expensive.

The other approach was to constantly rebuild the GVD for every time-slice. This meant that rather
than using the one graph to represent both static and mobile obstacles, a new graph is used in
every time slice which only represented static obstacles. This meant that all mobile obstacles
appeared to be static in a particular time slice. It also meant that normal graph traversal techniques
could then be used to find a path to the goal for that time slice. As the location of a "static"
obstacle may have changed from one time slice to another, the path from the AGV to the goal had

to be recalculated for every time slice.

As the time required to build the entire graph was generally quite significant, this approach did not

look promising. However, we investigated the feasibility of updating only the relevant parts of the
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graph, in the hope that it would make this approach practical. Our work in this area is covered in

detail in Chapter 4 below.

2.4. Landmark Navigation

In the real world, humans navigate with very imprecise knowledge of the domain. Current theories in
cognitive psychology indicate that humans tend to navigate using landmarks. It seems intuitive that
successful AGV navigation in the real world should also use the same imprecise knowledge of the
domain - just like humans do and therefore an AGV which imitated this landmark navigation strategy

should be able to navigate in the real world as successfully as humans do.

Before looking in more detail at some work in this area, the term "landmark" should be explained. A
landmark is defined as a recognisable feature in the domain. Apart from storing information about the
size and location of each landmark, a list of all other adjacent landmarks is also stored. Note that the
types of landmarks used are not exhaustive. Only "point-sized" landmarks (i.e. comers, hilltops, etc.) are
used in the techniques outlined below. No attempt is made to deal with larger "extended" landmarks (i.e.

hedges, roads, ridges, etc.)

The AGVs current location, as well as the destination location are specified relative to the nearest
landmark. As all navigation instructions were given relative to the nearest landmark, the idea behind the
path planning algorithm used was to build up a list of landmarks which the AGV should pass, from one
to another and eventually to a landmark adjacent to the goal. Also, as the AGV travels from the current
landmark to the next landmark on it's intended path, it always uses the local co-ordinate system of the
current landmark and thus keeps the cumulative error within tolerance levels. Most other navigation
techniques use some form of absolute measurement, in which significant cumulative errors can build up

over large distances, with potentially serious consequences [THO77], There were two reports of interest

reviewed.

The first report [LEV90] suggested that once a landmark in the domain was acquired, the exact relative
range and angle of all adjacent landmarks to the current landmark were estimated imﬂm/and
combined to form the "view frame™ for the current landmark. This procedure was then repeated for every
other landmark in the domain. After the path was calculated and as the AGV travelled to the goal,

corrections to the imprecise measurements for a landmark would be made if the AGV travelled close to

that landmark.
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The second report [MCD84] also stored landmarks and their location relative to other adjacent landmarks
in it's internal representation of the domain. However, this technique handled imprecise information
about landmarks in a slightly different manner. All objects in the domain (both obstacles and landmarks)
were enclosed in a probability areal This probability area denoted where there was a significant
probability that an object was actually located, using all the information available at the time. Rather than
store the size and location of an object imprecisely, the precise area enclosing the probable location of the
object was stored. As the AGV approached the object, more precise information became available, and
the probability area enclosing the object reduced in size, until eventually it was the exact size of the actual

object.

Once all the landmarks in the domain were mapped out, both reports navigated through the domain by
building a list of landmarks which must be passed when travelling from the current location of the AGV
to the goal. When the AGV travelled towards the goal and, en route, reached a landmark, it used that
landmark's local view frame to decide the heading needed to reach the next landmark on the path. If
however, on reaching a landmark, the AGV happened to find a landmark in the local view frame which
was 2 or 3 steps further down the intended path, then it went directly for that landmark, and thus took a
shortcut past the intermediate landmarks. This would happen if the extent of the initial measurements

were inaccurate enough to prevent the path planning software from finding the optimal path to the goal.

However, there was a problem with these reports - all obstacles must be stationary. If mobile obstacles
were allowed in the domain, then the possibility exists that one of the landmarks which the AGV used to
navigate by was actually moving at the same time as the AGV! This would have potentially disastrous
consequences and must be prevented. Pre-knowledge as to the mobility of the obstacles was not
acceptable, as this assumed that all mobile obstacles in the domain were identified to the AGV from the
outset, which was not unrealistic. Updating all of the landmarks in every time-slice was a work around to
the problem, although time consuming. To keep the landmarks and their view frames up to date required
that each of the existing landmarks had to be rechecked to see if it should continue being a landmark,
possibly removing some existing "landmarks"™ and possibly inserting some new "landmarks". After the
landmarks were checked for a given time-slice, the view frames for each of these landmarks needed to be
rebuilt. The time required to rebuild the domain map for every time-slice did seriously slow down the

overall execution time of the path planner.

*While the authors refer to this probable area enclosing an object as it's "fuzzy coordinates”, and the domain containing these "fuzzy

coordinates” as a "fuzzy map", there is no relationship between the use of these terms and the term "fuzzy logic”. We have used the terms

"probability area" and "domain", as they are less ambiguous.
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2.5. Configuration Space

This algorithm was intended to move a non-point robot through a 3 dimensional domain containing

obstacles [BR082], [BR083], [BR087], [DONB87], There were three distinct parts to this algorithm.

Firstly, the size of all obstacles in the domain were increased to correspond to the decrease in size of the
robot to point size. This new representation of the domain was called the "Configuration Space", or "C-
Space" and contained obstacles, free space (called free cones and freeways) as well as the point sized
robot. Mobile obstacles were represented in this domain by updating the free cones and freeways after

every time-slice.

Secondly, all plausible movements for the robot at it's current location within the C-Space were found.
This was done by having several different processes (called "Local Experts") which, given the current
position of the robot within the domain, would independently try to generate what they thought the next
position for the robot should be. As each Local Expert employed a different strategy to navigate the robot

around the obstacle, cach Local Expert returned a different result to the higher level navigation program.

Thirdly, a higher level navigation algorithm accepted all the proposed movements from the Local
Experts, and decided which of the suggested moves was the best one for the robot to take to reach the
goal. While several different algorithms could be used for this, the simplest one was the "Bumble

Strategy' - where by exhaustive, brute force searching, the goal was eventually found.

A sophisticated enhancement was developed by Brooks and Lozano-Perez [BR087] to improve the
robot's navigation between obstacles. The C-Space technique would usually expand the size of all the
obstacles in the domain by the distance from the centre of the robot to it's furthest extremity and at the
same time reducing the size of the robot to a point. The algorithms would then navigate a point (the
robot) around these artificially inflated obstacles. While this approach works most of the time, it has

weaknesses. For example, it did not work in situations where a Wrobot, by turning

sideways, could fit through a gap that was otherwise impassable. The enhancement was to increase the
size of the obstacles in the domain by the size of the robot nm/vhile reducing the robot to

point size. This enhancement allowed the robot to rotate and fit down some narrow gaps which would

otherwise have been considered blocked.
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2.6. Neural Networks

While simple neural networks have been around for some time (they were called "Perceptrons™ in the
1960s), all work with them was dropped after a critical report [MIN69] undermined confidence in the
technology. In more recent years, neural networks re-established themselves as very useful, quick and
robust techniques to use for pattern recognition. There was a considerable volume of mathematical
research on the different types of neural networks available, explaining how they work, and the benefits
of using the different learning algorithms. For a detailed explanation of this complex area, interested
readers are referred to [KOS92], [LAW90] and the series [MCCB88A], [MCC88B] and [MCC88C], which
provided both detailed theory as well as sample programs. A good introduction to this area was provided
by [ALE83] and [JOHB88], Some basic concepts and terminology should be explained below before

proceeding any further.

The design of a neural network was supposed to resemble the structure of the human brain. The human
brain was made up of neurons interconnected by synapses, which a neural network emulated using nodes

and edges. Neuron / Node

Synapse/ Edge

However, a neural network

was only usable after it has

been programmed (or

"trained") for the intended

application domain. This was

done by building the neural

network structure, such as the

model shown, and initialising InPut Layer Output Layer

the weights (or strengths) for each of the edges. Most neural networks were built of an input layer, (which
received the inputs to the network from the outside world), and an output layer, (which output the
conclusions of the neural network to the outside world). Between these two layers can be none, one or
more layers of so-called hidden nodes. The network was then shown an input to be recognised, which was
placed on the nodes in the input layer. All other nodes in the network were initialised. The value of each
node on the input layer was combined with the weight on one of it's edges, and the result added to the
value for the node at the other end of that edge. This was repeated for every edge on every node on the
input layer. At this point, each node on the next layer (usually the hidden layer) had accumulated some
value. This procedure was repeated for every node on that layer, and repeated in this fashion for every

layer in the network, until the values for the nodes in the output layer were calculated.
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Obviously, the weights on the various edges were important to the accuracy of the output. The most
popular method used to determine the weights needed on the edges was "Back Propagation'™. This
technique initialised all the weights to a random value and then showed an input value to the neural
network, and compared the generated output with the desired output. The differences were analysed and
the weights of the edges which produced this incorrect output modified slightly so as to reduce the
inaccuracy by a small amount. This error reduction was repeated (or propagated) backwards for every

layer in the network, until the input layer was reached.

The entire procedure of presenting inputs, generating and comparing outputs and modifying the relevant
weights as necessary, was repeated for several iterations, until the generated output was within tolerance
levels of the desired output. The neural network was then considered trained, and the "Training Phase"
ended. Note that a network trained with just one pair of input-output results would result in a network
which could recognise just that one input accurately and generate the corresponding output accurately
(and with relatively little training). To have a network which can correctly deal with many different input
patterns required that the network be initially trained on a set of many different input patterns known as

the "Training Set".

There were several problematic aspects to implementing neural networks. The size of the "Training Set",
ensuring that the data in the Training Set was representative of the domain in general and the order in
which these different training patterns were presented to the network during training were still done on
an trial-and-error basis. Other weaknesses in current neural network technology lie in deciding how
many hidden layers were required, how many nodes should be in each of the layers and how these layers
should be interconnected. As there were no rules or guidelines established yet on designing neural
networks, these questions could only be answered by trial-and-error, combined with a knowledge of what

worked before in other scenarios.

The neural network would be built and then trained for a few thousand training cycles using the Training
Set. At the end of this training session, if the network had not converged (i.e. if the difference between
desired and actual outputs showed no sign of reducing) then that particular combination of neural
network, with it's nodes in each layer and their interconnections were abandoned. Another neural
network would then be built with a different structure and the entire process repeated. Depending on the
complexity of the network being modelled, it could take several hours on a single user Sun workstation to
execute a few thousand training cycles. This makes the trial-and-error process very time consuming. The
works discussed below required between 20,000 and 300,000 cycles to converge, once the correct

structure was found. Finding the correct network structure in these environments was a non-trivial task!

28



However, there are two strong advantages to neural networks which make their use attractive. Firstly, it
was much easier to impart existing information about a domain into a neural network, as this was done by
showing examples of cause (inputs) and effect (outputs), then it was to explain every step in the logic
between cause and effect. This was true for system control applications as it was for financial credit
control applications. Secondly, the output from a neural network was not simply binary, but "confidence
levels™ or "degrees of certainty” in a particular result. When properly built and trained, a neural network
presented with previously unknown inputs still generated a reasonable output, albeit with a lower level of
confidence. This "fail safe" feature was quite an attractive one, as most conventional algorithms failed
totally when a scenario was encountered which was outside the scope of the initial assumptions.
Experience with the large body of work done in Image Processing [KLI90] and Optical Character

Recognition has shown that these "guesses'" are usually fairly accurate.

It was only recently that neural networks caused such an interest in the system control field. The works

reviewed in that field fall into two main categories.

2.6.1. Conventional Back Propagation Neural Networks

In simpler control scenarios, the inputs to the network were the current status of the relevant parts of the
domain, and the output from the network was the new control instruction required for the environment to
remain stable. This was usually present in obstacle avoidance problems and some of the relevant work in

that area warrants a quick description.

One collision avoidance project [OL191] used the distance of the AGV from an obstacle and the angle to
the obstacle relative to the AG Vs heading as inputs to a neural network. Outputs from the network were
the desired acceleration and change in heading for the AGV. This technique seemed to work well in the
outdoor scenario used by the authors where the AGV had plenty of room for manoeuvring and with only

stationary obstacles present in the domain.

These works demonstrated that dynamic control was possible using neural networks instead of using
advanced modelling algorithms. In other words, these networks are capable of performing reactive tasks,
such as process control [SAI191] [WIL91], path following [WAX87] [TH091] [TOUB89] and collision
avoidance successfully. However, note that in all of these works mentioned, there was no concept of time.

They were not capable of planning a sequence of steps over a period of time and were therefore unsuitable

for path planning.
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2.6.2. Back Propagation through Time Neural Networks

Some work was carried out on modelling time while using neural networks, which successfully found a
path for a non-point AGV to the goal, while at the same time avoiding any stationary obstacles which

might have been present in the domain.

In each of the following reports, the route to be navigated was determined (by the system designer) to
require less than 'n' steps to complete (i.e. less than 'n' distinct movements by the AGV to reach the goal).
The designer then builds a design of neural network which successfully performs collision avoidance for
that particular AGV. A simulator was also found which would emulate the performance characteristics of

the AGV, for the purposes of

training the network. A total of 'n’ %’5&9@
ANGLE
neural networks and simulators mr NEW
Y LOCATION STEEMITG
ANGLE
are then assembled, so that the RN on HEW
YIOCATICW
i HEW
output from the first neural BEW ATION

network fed directly into the first
of the simulators. The output of

the first simulator fed dircctly into the input layer of the second neural network, which output directly

into the second simulator...

The intended output from the

Actual
n* simulator was known - the output
AGYV should be at a particular t 6 r -tb
position  (the goal), and

. . Error
usually at a particular angle. Backprupagation oferror
- i Dwiradf

For a given starting position (C=controller, S=simulator) output

and angle of the AGV, it was

AGV. it was possible to use a modelling algorithm to calculate the desired position and angle of the AGV
after every distinct step. It was then simply a case of working forward, from a network to the subsequent
simulator to the next network, until all 'n' steps have been reached. Any differences between the n”
simulator's output and the desired final position of the AGV was viewed as an error. Standard Back
Propagation algorithms were then used to propagate the error back through all 'n" networks. This
completed one training cycle for the system of networks. As a result of this back propagation of the error,

the next forward pass through the system of networks was less incorrect. Repealing this procedure with a
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variety of different initial positions for the AGV, resulted in a network which was within tolerance levels
of the results generated by the modelling algorithm. This training required a considerable amount of
time, due to the error back propagation calculations and the number of training cycles required. Note

however, that the time required for operating a trained neural network is minimal and certainly

acceptable.

W hile all of the following reports implemented "Back Propagation through Time™ using the sequences of

neural networks outlined above, they have chosen different domain models, training sets and performance

requirements.

In [NGU89] and [NGUO91], the authors trained a series of neural networks to navigate a jointed tractor-
and-trailer AGV from an initial starting location and orientation to a goal location and orientation in a
domain containing no obstacles. The authors reported that by changing the objective function (which
generated the "correct answers' for the network to learn to imitate), they were able to force the AGV to
minimise the length of the path travelled, or to minimise the number and extent of any turns required en
route to the goal. It is interesting to note that the simulator which was used throughout this report was

also a neural network - a trained reactive type of network - of the type outlined in 2.6.1 above.

This work was later extended [BIE92] to permit stationary
obstacles in the domain. The authors reported that an AGV
could be given a low level navigation instruction (i.e. turn
right) and be able to amend the movement to suit the terrain.
However, this was obstacle avoidance rather than path

planning.

In [KOS92], the authors trained networks for navigating rectangular and tractor-and-trailer AGVs from
an initial starting location and orientation to a goal location and orientation in a domain. No obstacles
were present in the domain - either during training or during "live" runs. Unlike the work done in
[NGU91] above, the simulators were implemented using

simple kinematic equations, rather than neural networks.

In [PLU91], the authors trained a series of neural networks to
navigate a jointed tractor-and-trailer AGV from an initial
starting location and orientation to a goal location and
orientation in a domain. During training, no obstacles were

present in the domain. However, once the networks were
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trained, stationary obstacles were added to the domain and the neural networks still navigated to the goal
successfully - around obstacles if necessary. The author stated without proof that the techniques used
could also cope with mobile obstacles in the domain. Note that the author's use of neural networks and
potential fields was unique to all the reports in this area. It was the potential field aspect of this work
which brought the authors to suppose that mobile obstacles could also be supported. The authors note the
difference between their work, which avoided obstacles for 'n' steps while attempting to reduce the

distance to the goal and a general purpose path planner.

2.7. Conclusion

There were several different approaches to path planning reviewed in this chapter. Their suitability, or

lack thereof, is summarised below.

The Hightower and Hierarchical approaches did not guarantee to find a path to the goal in a domain with

stationary obstacles and were excluded from further scrutiny.

There were two main weaknesses in applying the Map Sector approach to robotic navigation. Firstly,
potentially valid paths could be blocked off because of how the sectors were marked. The Hierarchical
Strategy went some way towards solving this problem, but did not guarantee to find a path, even though
one might have existed. Secondly, all the various Map Sectoring approaches assumed only stationary
obstacles were present in the domain. Extensions to allow mobile obstacles in the domain were either

problematic (i.e. Hierarchical) or very slow (i.e. complete rebuilds of the domain at every time slice).

Due to similarities between the Landmark Navigation techniques and the manner in which humans
navigate in the world, these techniques seem intuitively 'right' and appealing. However, initial landmark
acquisition is non-trivial and very slow. Even with only stationary obstacles, simple two dimensional
scenes took several CPU seconds to acquire and navigate on a single user DEC 2060 minicomputer. A
simulated three dimensional version of this was developed on a Symbolics workstation and took
considerably longer to run. Support for mobile obstacles (and possibly mobile landmarks) was
problematic. Attempts to recognise which landmarks had moved and to only update those landmarks
adjacent to the moved landmark required prior knowledge of all mobile obstacles in the domain, which
was not a valid assumption for this project. The alternative, as with the Map Sector approach, was to
update the entire list of landmarks in the domain at every time slice, which was computationally very

expensive. These techniques were therefore deemed unsuitable and dropped from further consideration.
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The Configuration Space technique successfully dealt with mobile obstacles and could even rotate the
robot to fit through gaps if required. However, this technique could only achieve low level goals, such as
obstacle avoidance and not higher level goals such as path planning, which was the focus of this

investigation. It was therefore excluded from further study.

The main strong point in favour of using neural networks was that they would continue to function, and
usually quite well, even in domains which are totally unknown to them. They are therefore more reliable
and better than any standard algorithmic approach, which can simply fall down in unknown domains.
However, the standard back propagation systems perform robust obstacle avoidance rather than path
planning. The more complicated back propagation-through-time systems merely provide more

sophisticated obstacle avoidance techniques, but still do not provide path planning functionality.

Visibility Graphs and Voronai Diagrams both represented the known domain as nodes in a network, with
valid paths being edges between these nodes. They also stored the obstacles in their exact shape and the
path was guaranteed to be found if one existed. However, the lack of ability to deal with mobile obstacles
was important. While there were techniques for adding collision avoidance functionality to this approach,
they increased the possibility for some unanticipated scenario to cause the entire system to fall apart and
were therefore undesirable. We therefore felt more comfortable extending well known and reliable graph
theory techniques to add mobile obstacle functionality, rather than using a new technique strapped onto
graph theory. This was principally due to the provable stability of graph theory, which we found
appealing. Also, a partial updating extension to this algorithm should reduce the computation times

enough to support mobile obstacles in the domain.

Implementation details and experimental results for work on this partial updating extension are given in
subsequent chapters. Both Visibility Graphs and Voronai Diagrams are suitable as a base for this
extension, but as Visibility Graphs are significantly quicker to build then Voronai Diagrams, we based

our work on Visibility Graphs for performance reasons.
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3. Implementations based on Lee’s Algorithm

During the course of our work, two variants of Lee's Algorithm were implemented and performance tests
performed. This chapter outlines the design and implementation issues which were addressed. For

benchmarks and analysis of these benchmarks, the reader is referred to Chapter 5.

3.1. Testbed Implementation Details

As the same basic functionality was required in all of the following experiments with Lee's Algorithm, a
testbed implementadon of Lee's Algorithm was developed. This one program contained all the common
functionality that would be required in all of the following different versions of Lee's which were

investigated during the course of this paper.

Developing the one testbed program for all the Lee's Algorithm experiments had significant benefits.
Firstly, because of how this testbed program was structured, there was only one function which needed to
be re-written when implementing any of the subsequent tests. This reduced the overall development time
considerably. Secondly, as most of the code was exactly the same on a line by line basis, between one
experiment and another, this meant that any performance differences in the experiments were totally and

solely related to the function specifically implementing the different search techniques.
The basic structure of these testbed programs was as follows:

(1) Build a model of the domain, along with all mobile obstacles.

(ii) Update any moving obstacles and generate a pseudo "‘camera image™ of the domain.

(iii) Use several different path planning techniques to find a suitable path from the AGV to the goal.
Use the first step in this path as the movement command for the AGV.

(iv)  Move the AGV. Ifthe AGV is now at the goal location, then stop. Otherwise, loop back to (ii).

3.1.1. Representing the Domain

As was explained in Chapter 2 above, a fundamental assumption in Lee's algorithm was that all obstacles
in the domain were stationary. As mobile obstacles must be supported in our experiments, some

modifications had to be made in how the domain was represented to support this requirement.
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By viewing the domain in a particular
time-slice as a two dimensional array of
points, it was possible to model the
domain over a period of time by using a
three dimensional array, where the x and
y co-ordinates were two dimensions and

time was the third.

Using this representation, stationary

obstacles were modelled by being placed

in the same x and y co-ordinates for all

time-slices. Mobile obstacles, however,

were modelled by changing their location

in each time-slice. Note that this method

of storing time as another dimension was similar in intent to the Hierarchical approach, but quite
different in implementation and reliability. W hile the Hierarchical approach did not guarantee finding a
path to the goal, modelling motion as a series of stationary obstacles in different positions during
different time-slices allowed us to use the standard, well proven, working mechanism behind Lee's

algorithm which guaranteed finding a path to the goal if one existed.

Every element in this three dimensional model represented apoint in thedomain.Even the current
locations of the goal and the AGV were stored aselements inthisarray.Because of this, howinformation
was stored in the array was important to the functionality of this testbed program. Every element in this
array contained all the information which there was to know about that point in the domain. This
included domain related information (i.e. was the point traversable or not, and how difficult or
"expensive' was it to travel to it's adjacent nodes), as well algorithm related information (i.e. whether or
not this point has been visited yet by the search algorithm, and if so, from which direction and what was
the cost incurred in reaching this point from the current position of the AGV). As the status of a point
changed (i.e. from traversable to non-traversable as an obstacle moved through the domain, or from
unvisited to visited as the search progressed), these points in the array were updated to reflect their actual
current status. A structure was used for storing all this information as follows:

typedef struct
|
float dist;
int from;
char type;
float cost[9];
] POINT;
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d ist kept track of the total distance travelled from the AGV to reach this point in the domain. Once we
reach the goal, this value would be the cost of travelling from the AGV to the goal (i.e. the length of the
path). This field was also used to trim down the amount of searching done by the algorithm. If we visited
a point which has already been visited before, we compared the distance taken by the current visit against
the distance taken by the previous visit. If the current distance was shorter than the previous distance,
then the data stored in the point about the previous visit was overwritten by data about the current visit -
as if it had never been visited at all. However, if the current distance was larger than the previous, then
the current visit was simply abandoned. This procedure reduced the number of wasteful searches

performed by the algorithm.

For visited nodes, the From field stored which direction the point was visited from. This was a simple
Dynamic Programming technique which allowed us retrace our steps back from the current point to the
AGV. Once the goal was discovered, this allowed us to retrace the entire path back to the AGV, thus

giving the desired path to the goal.

The type field stored whether the point was traversable or not, as well as whether the point contained
the AGV or the goal. Traversable and non-traversable points may change type as mobile obstacles move
in the domain, but the stationary goal cannot be overrun by a mobile obstacle, nor can the initial location

for the AGV.

The cost of travelling from one point to each of the adjacent points was stored in the array of coat [9]
These costs were initialised at the start of execution of the testbed program, and did not change. Note that
there are 9 costs (and therefore 9 directions). This is the 8 horizontal directions (N, NE, E, SE, S, SW,
W, NW), as well as the choice of not moving during a particular time-slice. Non-movement of the AGV
was represented in this program by staying in the same (X, y) location and moving up from the array at

time t to the array at time t+1.

3.1.2. Keeping track of points to visit

The basic Lee's algorithm explored a domain by searching in ever expanding circles from the starting
point - in our case, the AGV. These circles continued to expand until either an obstacle was encountered
or the goal was reached. At any given time, the set of points which make up the fringe of this ripple were
being examined. Ifan obstacle was encountered, then the points where the obstacle was encountered were
treated as other starting points, and the algorithm would start searching from there also. Part of this new

"ripple” would overlap with the previous ripple, and the parts of the same area in the domain would be

searched again.
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This was obviously very wasteful in terms of computation time, and so Lee's algorithm contained a
simple test which minimised this problem. If a point was visited which had already been visited before,
we compared the distance taken by the current visit against the distance taken by the previous visit. If the
current distance was shorter than the previous distance, then we overwrote the data stored in the point
about the previous visit with data about the current visit. Later in the algorithm, the points adjacent to
this point would be visited. However, if the current distance was longer than the previous visit, then
further searching would be a waste of resources and the current visit was simply abandoned - as if the

search had encountered an obstacle.

The most flexible approach for determining which points were due to be visited was to store all the nodes

which were on the fringe of the search "ripple" as nodes in a double linked list, called the "Fringe List".

Initially all nodes which were adjacent to the AGV were placed into the fringe list. The program then
unlinked the first node from the list and visited it. If a node was successfully visited, all of it's adjacent
nodes were added to the list. If it was an unsuccessful visit (i.e. an obstacle, or a point previously visited
with a shorter distance), then no nodes were added to the list. Either way, the visited node had been
removed from the front of the fringe list, and the new first node in the list was now examined. This

procedure was repeated until the goal was reached.

In the case where there was no valid route from the AGV to the goal, all nodes in the fringe list will have
been removed from the list, visited in turn and the goal still not found. In our implementation, if the list
was empty (therefore no more points in the domain were eligible for a visit) and the goal had not been
found, then no valid path to the goal existed. The testbed program checked for this and if necessary

would advise the user and then terminate.

The information stored within the fringe list and the structure used is outlined below. The basic technique
used for implementing the fringe list was a double linked list. Each node in the fringe list only contained

the minimum of information:

typedef struct daisy
|
int w, 1,h;
float dist;
struct daisy +prev,*next;
1 NODE;

w, 1, h store the x. y, and time t dimensions of the co-ordinates for a point in the domain which will be

visited.
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d ist is the total distance which will have been travelled to the point from the AG Vs starting location.

When a point is visited, it will be checkcd to see if it had been visited previously. If it was previously
unvisited, this distance is stored in the d ist field in the relevant array element. However, if the point

had been previously visited, then thisd ist is compared with the d ist in the array element. The shorter

distance is stored in the clement.

Remember that any other information which may be needed about this point in the domain can be found

by examining the element in the array whose co-ordinates are [w][1][h].

3.2. Standard Lee’s Algorithm

The algorithm started by inserting the point where the AGV was located into the empty fringe list. A
node was then removed from the front of the fringe list and the point contained within that node made
the current point. If the current point was not the goal and was successfully visited (i.e. was not an
obstacle, was not already visited or was not already visited in a shorter distance) then all points adjacent
to the current point were appended to the fringe list. This procedure was repeated until either the goal
point was visited, and therefore the goal was found, or until there are no more points in the DLL, and

therefore the path to the goal could not be found.

Note that by always inserting new nodes into the fringe list at the end of the list, this ensured that all
other points already in the fringe list were visited before these newly added points. The effect of this was

to force a breadth-first search of the domain.

3.3. Lee’s Algorithm with Straight Line Bias

We noticed that no attempt was made in Lee's algorithm to utilise the known location of the goal. The
following extension to Lee's algorithm utilised this knowledge to reducc the amount of searching required

to find a path to the goal.

Note that, unlike the conventional Lee's Algorithm above, which always appended new nodes to the end
of the fringe list, nodes were inserted into the list sorted by their distance from the goal. This distance
was calculated using fundamental co-ordinate geometry. No attempt was made to detect obstacles which
might be encountered en route - the result was simply the length of the straight line from the node to the
goal. This simple technique for estimating the distance from the node to the goal was acceptable, because

it was used to determine the Mfrom the node to the goal (relative to the other fringe
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nodes). It did not attempt to calculate the actual remaining distance the AGV had to travel from that node

to reach the goal.
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4. Implementations based on Graph Theory

During the course of our work, several variants of graph theory were implemented and performance tests
carried out. This chapter outlines the design and implementation issues which were addressed.

Benchmarks, and analysis of these benchmarks, were provided in Chapter 5.

4.1. The Partial Update Technique Explained

We discussed in a previous chapter how conventional graph theory provided path planning functionality
in a domain with no mobile obstacles. We also showed how the graph network being used to represent the
domain could be completely rebuilt after each time-slice, thus allowing this technique to work with
mobile obstacles in the domain. In order to improve performance of this work around, we developed an
extension to conventional graph theory which we have outlined below. Implementation details of
conventional graph theory were given in earlier chapters. Note that the terminology used throughout this

chapter was consistent with that introduced in 2.3 above.

In 2.3 above, the feasibility of using graph theory for path planning in a domain with mobile obstacles
was discussed. The main weakness with this approach was the lack of built-in support for mobile
obstacles - they were all assumed to be stationary. Updating the entire graph network after every time-
slice solved this problem, as it made all mobile obstacles appear as stationary obstacles in that time-slice.
However, the overhead involved in rebuilding the entire network model of the domain after every time-
slice was problematic. To reduce this overhead, we developed an extension that identified all the parts of
the network which needed to be updated after each time-slice. Using this information, the unchanged
parts of the network were left intact, and only the changed parts rebuilt, thus significantly reducing the

time required to update the network.

It is worth pointing out that a partial update extension for a graph tree, as opposed to a graph network, is
quite straightforward - the "parent” and the immediate descendant nodes need to be updated. The
structure of the graph tree ensured that these were the only nodes directly effected. However, graph

networks and their inherent interconnected design were more complicated.

Recall that the only input to the path planning software was a two dimensional array, which simulated a
simplified camera image of the entire domain. When the new camera image was compared with the
previous camera image it was possible to detect what parts of the domain had changed. From this
information, we deduced which vertices no longer existed (and should be removed from the network) or

needed to be created (and should be inserted into the network). Once this stage was completed, we had an

40



updated set of nodes in the graph network. However, the edges between these nodes were only partially

updated, and did not correctly represent the true state of the domain.

The simplest solution which would keep all the edges in the network up to date was to destroy all edges
on all nodes throughout the entire network, and then rebuild them. While this would guarantee to keep
the edges in the network up to date, it was also too time consuming for our requirements. ldeally, we only

want to update the edges which need to be updated. A solution was proposed as follows:

(i) A list, called the update list, was created and initialised at the end of each time-slice. Any node
which changed in any way at the end of a time-slice would be added to this list. All nodes in this
list would be scrutinised and rebuilt as necessary. All nodes not in this list would not be altered or

examined in any way.

(if)  The current camera image of the domain in the current timeslice was compared with the camera
image from the previous timeslice. Only the parts of the current image which differed with the
previous image needed to be checked for vertices. New nodes may need to be inserted into the
graph. Also, some nodes may no longer be valid vertices and must therefore be removed from the
graph. When all the relevant nodes were updated, the edges between these nodes needed to be

rechecked.

(iii) Before a node was deleted from the network, all nodes adjacent to it were added to the update list.
As cach node was added to the update list, all edges from that node to other nodes in the domain
were deleted. Only then would the original node be deleted. This procedure was repeated for all
nodes which needed to be deleted in the network. It was possible, and indeed likely, that if more
than one node was deleted in the domain, they would have shared a common adjacent node.

Attempts to insert a node into the update list more then once were simply ignored.

(iv) When a new node was inserted into the network, it would be added to the update list. All adjacent
nodes to this new node were then calculated and also added to the update list. As each node was
created and then added to the update list, it's list of edges was initialised as being empty. This

procedure was repeated for all nodes inserted into the network.

(v) A node in the update list would be made the current node. All nodes in the network which were
adjacent to the current node were then found and an edge built between them and the current node.
Finally, the current node was removed from the update list. This procedure was then repeated for

every node in the update list, unlil the list was emptied.

41



(vi) The network was now updated and represented the domain in the next time-slice. Once the entire
graph network for this time-slice was generated, the camera image of the domain in the current

time-slice was preserved for comparison with the camera image in the next time-slice.

Note that the nodes moved into the update list had all their existing edges deleted and later all edges
rebuilt, even though this might result in some edges being deleted and then immediately rebuilt. This was
done because the benefits of the simpler implementation outweighed the small potential performance

improvement which might or might not emerge depending on the node in question.

Using this extension, we intended to update the network of nodes and edges much quicker than simply
updating the entire network - regardless of which graph network searching algorithms were used.
Implementation details were discussed later in this chapter. Source code and comparative benchmarks for

both the conventional graph theory approach and also this extension were presented and discussed in

later chapters.

4.2. Testbed Implementation Details

As the same basic functionality was required in all of the following experiments with Graph Theory, a
testbed implementation of a Graph Theory program was developed. This one program contained all the
common functionality that would be required in all of the following different versions of Graph Theory

which were investigated during the course of this paper.

Developing the one testbed program for all the Graph Theory experiments had significant benefits.
Firstly, because of how this testbed program was structured, there was only one function which needed to
be re-written when implementing any of the subsequent tests. This reduced the overall development time
considerably. Secondly, as most of the code was exactly the same on a line by line basis, between one
experiment and another, this meant that any performance differences in the experiments were totally and

solely related to the function specifically implementing the different search techniques.
The basic structure of these testbed programs was as follows:
(i) Build a model of the domain, along with all mobile obstacles.

(i) Update any moving obstacles and generate a pseudo "camera image" of the domain.

(iti)  Build a graph network which accurately represents the domain portrayed in the camera image.
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(iv)  Use several different path planning techniques to find a suitable path from the AGV to the goal.
Use the first step in this path as the movement command for the AGV.

(v) Move the AGV. Ifthe AGV is now at the goal location, then stop. Otherwise, loop back to (ii).

4.2.1. How the Domain was Represented

As was explained in Chapter 2 above, a fundamental assumption of graph theory was that all obstacles in
the domain were stationary. As mobile obstacles must be supported in our experiments, some

modifications had to be made in how the domain was represented to support this requirement.

By viewing the domain in a particular
time-slice as a two dimensional array of
points, it was possible to model the
domain over a period of time by using a
three dimensional array, where the x and
y co-ordinates were two dimensions and

time was the third.

Using this representation, stationary
obstacles were modelled by being placed
in the same x and y co-ordinates for all
time-slices. Mobile obstacles, however,
were modelled by changing their location

in each time-slice.

Every element in this three dimensional model represented a point in the domain at a given time-slice.
Even the current locations of the goal and the AGV were stored as elements in this array. Because of this,
how information was stored in the array was important to the functionality of this testbed program. Every
element in this array contained all the information which there was to know about that point in the
domain. This included domain related information (i.e. was the point traversable or not, and how difficult
or "expensive' was it to travel to it's adjacent nodes), as well algorithm related information (i.e. whether
or not this point has been visited yet by the search algorithm, and if so, from which direction and what
was the cost incurred in reaching this point from the current position of the AGV). As the status of a
point changed (i.e. from traversable to non-traversable as an obstacle moved through the domain, or from

unvisited to visited as the search progressed), these points in the array were updated to reflect their actual
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current status. The following structure was used in C++ for storing all this information in a Domain

class:

typedef struct
|
float dist;
int from;
char type;
float cost[9] ;
} POINT;

d ist kepttrack of the total distance travelled from the AGV to reach this point in the domain. Once we
reach the goal, this value would be the cost of travelling from the AGV to the goal (i.e. the length of the
path). This field was also used to trim down the amount of searching done by the algorithm. Ifwe visited
a point which has already been visited before, we compared the distance taken by the current visit against
the distance taken by the previous visit. If the current distance was shorter than the previous distance,
then the data stored in the point about the previous visit was overwritten by data about the current visit -
as if it had never been visited at all. However, if the current distance was larger than the previous, then

the current visit was simply abandoned. This procedure reduced the number of wasteful searches

performed by the algorithm.

For visited nodes, the from field stored which direction the point was visited from. This was a simple
Dynamic Programming technique which allowed us retrace our steps back from the current point to the
AGV. Once the goal was discovered, this allowed us to retrace the entire path back to the AGV, thus

giving the desired path to the goal.

The type field stored whether the point was traversable or not, as well as whether the point contained
the AGV or the goal. Traversable and non-traversable points may change type as mobile obstacles move
in the domain, but the stationary goal cannot be overrun by a mobile obstacle, nor can the initial location

for the AGV.

The cost of travelling from one point to each of the adjacent points was stored in the array of coat [9].
These costs were initialised at the start of execution of the testbed program, and did not change. Note that
there are 9 costs (and therefore 9 directions). This is the 8 horizontal directions (N, NE, E, SE, S, SW,
W, NW), as well as the choice of not moving during a particular tiine-slice. Non-movement of the AGV
was represented in this program by staying in the same (x, y) location and moving up from the array at

time t to the array at time t+1.
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4.2.2. The Camera Image Generating Module

The purpose of this module was to simulate a "bird's eye" camera view of the entire domain. There were

two distinct parts to this module.
(i) A model of the domain. The implementation details for this were outlined in 4.2.1 above.

(ii) A double link list, called the obstacle list, was built of all the mobile obstacles in the domain. This
stored information which was unique to each mobile obstacle, such as it's shape, velocity and
direction. The shape of every obstacle was specified at the start of the program, and each obstacle
was of a different shape and size. The initial direction and initial location for each object was
chosen on a random basis. Each obstacle has a maximum velocity which was slightly less than that

ofthe AGV.

Every time this module was called to generate a camera image of the domain, it updated each of the
mobile obstacles in the obstacle list using the information available on each mobile object, as well as a
knowledge of the existing static obstacles in the domain. If moving a mobile obstacle in the current
direction would cause a collision to occur, the given direction for the mobile obstacle was changed to a
random new direction. To simulate turning time for the mobile obstacle, the obstacle waited one time-
slice before starting to move in the new direction. As each of these mobile obstacles was updated, it's

representation in the model of the domain was also updated.

When all of these mobile obstacles in the obstacle list were updated, the model of the domain reflected

the status of the domain in the current ume slice. An image of this updated domain model was then

generated and passed to the image processing module.

4.2.3. How a Graph Network was Generated from a Camera Image

The only input to this module was the image generated by

the "camera simulator™ above.

This module searched for all prominent points on all
obstacles in the supplied camera image. This set of
prominent points became the nodes or vertices in the
visibility graph for that domain. A handy way of describing

what were the valid vertices for an obstacle was to say that
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to say that by connecting all of an obstacle's vertices together, the obstacle should be entirely enclosed.
The goal and AGV were represented as point sized obstacles in the image. Note that, in this technique,
all obstacles were considered to be stationary - at least for the time-slice when the graph network was
being generated. Because of this, all obstacles, both stationary and mobile, in the domain were
represented in the same manner in the camera image. A different graph network would be generated in

the next time-slice, with obstacles in different locations, but it was still considered to be dealing with

stationary obstacles.

When all the vertices were generated, the next step was to determine which nodes were adjacent to
which. This was done by attempting to draw straight lines from every vertex to every other vertex in the
graph. If no obstacle was encountered between two vertices then those two vertices were declared to be

"adjacent™ to each other and a common edge established.

After every time-slice, a new image was presented to this module, and the entire graph rebuilt. As the
time required to totally rebuild a network was too long for our purposes, we developed a technique for
only detecting which parts of the network required updating, and leaving the other parts unchanged. A

detailed explanation and implementation can be found in 4.1 above.

4.2.4. How the Graph Network was Represented

Conventional graph theory represented this information in a symmetrical two dimensional array called an
"Adjacency Matrix" - so called because it stored which nodes were adjacent to which. Every vertex in the
domain was represented by an element in this array. If it was possible to travel from node 'a' to node 1)

then nodes 'a' and 'b' were said to be adjacent, and the clement [a] [b] in the matrix was set to TRUE. If 'a

and V were not adjacent, then it was set to FALSE.

However, there was a problem with this approach. As obstacles moved within the domain, the number of
vertices changed constantly. This entailed adding or deleting nodes from the graph network, or to be
more precise, changing the number of elements in the adjacency matrix. Implementing this was very
problematic. The solution was therefore not to implement the adjacency matrix as an array. A more
flexible alternative would be to use a technique called "Adjacency Lists". While adjacency lists were more
flexible, and allowed the addition and deletion of nodes in the network throughout the operation of the
program, they were significantly more complicated to implement. Part of the adjacency list for the same

diagram was given as an example.
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All vertices in the domain,
including the AGV and
goal locations, were
represented by nodes in a
double link list called the
vertex list. Each of the

ITO|
nodes in this vertex list T
contained a pointer to the
start of another double

another double link list - a list foredge nodes. The edge list contained a node for every edge to an

adjacent node in the graph network. The structures used forimplementing these lists in C++ were:

typedef struct vn
|
int t,w,I;
char nodeType;
struct vn *searchPrev, *searchNext;
float searchDist;
int searchMarker;
EdgeList *edgelist;
struct vn *pathFrom, *pathTo;
struct vn *prev, *next;
1 VERTEX_NODE;

for the vertex nodes in the VertexList class, and

typedef struct van

|
int t,w,I1?
float dist;
struct van *prev, *next;
] EDGE_NODE;

for the edge nodes in the EdgeList class.

4.2.5. How the Graph Network was Updated After Every Timeslice

At the end of every timeslice, any movement in the domain renders the graph network out of synch with

the actual domain. The graph network must therefore be updated after every timeslice.

The conventional (and certainly simplest) ~technique for this was to completely destroy the entire graph
network and to then completely rebuild a new graph network which did accurately represent the domain.

Obviously, in domains where some vertices remain unchanged from one timeslice to another,- some room

existed for optimisation.

The Partial Updating technique developed elsewhere in this paper was one attempt at optimising this
process. In order to lest the effectiveness of this technique, benchmarks were carried out as part of this

paper using both of these techniques and the results analysed.
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4.2.6. Keeping track of nodes to visit

Given that the adjacency lists contained an up to date set of nodes and edges in the entire domain, there
were several different techniques available for planning a path through the network which this
represented. However, all of these path planning techniques needed some method of remembering which
nodes in the network had already been examined, which were currently being examined, and therefore
which were to be examined next. This was implemented using yet another double link list called a Fringe
List and a step counter, which kept track of the current time slice, or step, throughout the entire

experiment.

The Fringe List was so called because all the nodes in this list were on the fringe of the search space.
Initially all nodes which were adjacent to the AGV were placed into the fringe list. The program then
unlinked a node from the front of this list and visited it. If it was an unsuccessful visit (i.e. the node
turned out to be an obstacle, or a point previously visited with a shorter distance), then the nodes adjacent
to the visited node were not added to the list. However, when a node was successfully visited, all of it's
adjacent nodes were added to the fringe list. Either way, the visited node was removed from the front of
the fringe list. The new front node in the list was then examined and this procedure repeated until the

goal was reached, or the fringe list was empty.

In the case where there was no valid route from the AGV to the goal, all nodes in the fringe list will have
been removed from the list, visited in turn and the goal still not found. In our implementation, if the list
was empty (therefore no more points in the domain were eligible for a visit) and the goal had not been
found, then no valid path to the goal existed. The testbed program checked for this and if necessary
would advise the user and then terminate. If the goal was encountered before the fringe list was empty,

then a valid path to the goal obviously existed and had been found.

All of the different search techniques used in this paper utilised this technique. The main difference
between the different search techniques was the sorting order used for the nodes added into the fringe list.
Breadth First searching techniques always added new nodes to the end of the list, Depth First added to

the start of the list, while Priority First and A* had the nodes in a sorted order, with the most important

nodes placed nearest the front of the list.
As a node was visited, it was marked not with a simple TRUE/FALSE Boolean flag, but with an integer

representing the current number of cycles since the experiment started. Tliis would store the cycle in

which the node was visited. A step counter was used to keep track of the current cycle, and this was
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incremented every time the AGV moved, or even when the AGV waited in the same position, and

advanced a time-slice. To check if a node had already been visited, the value of the step counter was

compared with that in the node. If they matched, the node had already been visited d.ngtE(LIIEFt
(yhlfthey did not match, the node had not been visited d.l‘l’gt@(m&‘ﬂmnd was treated as an

unvisited node.

This step counter idea was used in all implementations of the different graph searching techniques in this
paper. It's main advantage was that it removed the need to re-initialise every node in the graph as being
"unvisited" at the end of every cycle. Simply resetting the start of the Fringe List to empty was now

sufficient at the end of a cycle, with obvious performance benefits.

4.3. Graph Search Algorithms Used

There were four different graph searching techniques used with both methods of updating. For a proper
description of the Breadth First, Depth First, Priority First and A* search algorithms, the reader is

referred to Chapter 2.

In implementation, the one fundamental testbed program was used for all four search algorithms. The

were only two differences between the eight programs tested.

(i) The position in which nodes were inserted into the fringe list varied depending on the search
technique being used. Breadth First always appended new nodes at the end of the list, Depth First

always inserted at the beginning of the list, while Priority First and A* maintained the list sorted by

the nodes proximity to the goal.

(ii) Depending on the graph updating technique being used, the graph was either completely rebuilt or

only partially updated at the end of every time-slice.

As the rest of the programs were identical, on a line for line basis, any differences in performance were
solely related to the various algorithms tested. The results and their analysis are presented in the

following chapter.
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5. Benchmarks and Performance Analysis

W hile the theoretical benefits and drawbacks for each of the path planning techniques described so far
have been noted, there was no replacement for live testing or at least realistic simulation. With this in
mind, a range of tests were developed to judge the effectiveness of each of the technique outlined above.

The various steps involved in the benchmarking phase of this project were detailed in this chapter.

5.1. Test Data Used

As was mentioned briefly in 1.5, we were interested in testing the performance of the different navigation

algorithms in three models. These models, and our interest in them, were as follows:

(i) Single AGV with Stationary Obsticles. This model contained only one AGV and several static
obstacles. At no stage could were there any mobile obstacles present. The AGV attempted to travel
from it's starting location to it's intended goal, without colliding with any obstacles en route. This
model represented automated warehouses, where an AGV was used to store and retrieve goods from

storage areas and humans only entered for occasional maintenance checks when the AGV was stopped.

(ii) Single AGV with Mobile Obstacles. This model contained only one AGV and a mix of both static and
mobile obstacles. The AGV attempted to travel from it's starting location to it's intended goal, without
colliding with any of the obstacles en route. The mobile obstacles constantly travelled through the
domain, and it was the responsibility of the AGV to detect a pending collision and take steps to avoid
them. This model represented an automated warehouse like (i) above which also permitted humans to

safely travel through the warehouse while the AGV was in operation.

(iii) Multiple AGVs. This model contained multiple AGVs, and several static obstacles. Each AGV had
it's own intended destination to reach, and treated any other AGVs which were encountered en route in
exactly the same manner as any other mobile obstacle. This model represented an automated

warehouse like (i) above which permitted both humans and other AGVs to safely travel through the

warehouse without collision.

For each of these three models, there were several sample domains created which each contained a
different starting position for the AGV, goal and any mobile obsticles which might be present. The
domains were developed to judge the effectiveness of the path planning techniques outlined in this paper,

when used in each of the three models detailed above.
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Each domain measured 20 units by 20 units in size, and allowed up to 10 consecutive timeslices to be
modelled at the same time. Within this domain, there were some
stationary obsticles present, which represented walls and doorways,
denoted by an uppercase 'X'. There was an AGV, or starting position
for the search, denoted by an 'S'. There was also a goal position,
denoted by a 'G'. Finally, there could be one or more mobile
obsticles present in the domain - these were each denoted by an 'M".
All obsticles were surrounded by a safety zone, denoted by a
lowercase 'x'. At every extremities of each obsticle was a vertex,
denoted by a 'V. This simple two dimensional pattern was stored for time t, t+1, t+2, t+3 and so on up to

t+10.

For each AGV present in the model, ten different starting and ending locations were picked at random
within the domain and stored in a data file. From zero to three mobile obstacles were also present in the

domain and their locations were also picked at random and stored in the same file.

All of these mobile obstacles moved in totally random directions, but travelled in straight lines until they
were blocked by an obstacle. A different direction was then selected at random and the obstacle kept
moving. This behaviour pattern was chosen in preference to the "Brownian Motion"™ or Chaos Theory
models, where all mobile obstacles travelled in apparently random directions and change direction

frequently. These models were better suited to domains more congested then those modelled in this paper.

Obviously, as each technique could plan different routes to the goal, and also as mobile obsticles changed
direction randomly after a collision, the set of free spaces available in the domain could be radically

different within a few execution steps. This could not be made consistent between each experiment.

Each of the domains was intended to be used as a testbed for all of the different navigation techniques
which were under scrutiny in this paper. Tojmsure that the results could be accurately compared, a given
domain had to be identical while being tested by each of the navigation techniques. As the obstacles
moved in a random direction, it was possible that any obstacle could randomly move in the path of the
robot, causing it to stop or take evasive action before continuing on towards the goal. The extent to which
this happened varied between trial runs. To smooth out the impact that this had on the final result, each of
the experiments were carried out 10 times and the results averaged. This minimised the impact of the
random movements and allowed for easier assessment of the effectiveness of the various techniques in

these scenarios. It also minimised any impact that hardware or operating system related events would

impinge on the results.
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For each time-slice, the location of the robot and of all obstacles in the domain were noted and the
cheapest path through the environment found. While the actual domain was a dynamic one, with mobile
obstacles and a mobile robot, it was represented as an individual sequence of static time-slices, where
each time-slice was treated as an distinct static domain. While the techniques used found the cheapest
path through the static time-slices, this did not guarantee that the complete path travelled by the robot to

the goal was the absolute cheapest possible path to that goal. However, this limitation was acceptable.

5.2. Test Results Recorded

The following values were recorded for every trial run carried out:

(i) The Elapsed Time recorded how long the test program took to run to completion. This excluded the
time required to load configuration files and initialise the relevant data structures required by the
algorithm on start-up or to save the results lo disk on completion. However, everything else - including

screen activity - was included. All time was measured in milliseconds.

(ii) The Compute Time was the actual time taken for the technique to search it's internal representation of
the domain for a path to the goal. Nothing else was included in this timing, not even the time required
to display the domain and any progress information on the screen. Again, all the units used were

milliseconds.

(iii) The Distance was the total distance travelled by the robot from the starting location to the destination
location, along the path determined by the current algorithm. The distance units used were not
specified. This allowed the reader to use whatever units were relevant to scale both the distance

travelled and also the size of the domain within which the robot was operating.

(iv) The Number of Cycles was the number of complete iterations of the find path, move robot, move

objects loop required for the robot to actually reach the destination.

(v) The Compute Time per Cycle was calculated using the recorded values for the Compute Time for the
entire experiment (see (ii) above) and the Number of Cycles required for the entire experiment (see (iv)
above). This figure showed the average amount of compute time needed per cycle during the
experiment. This value was used to measure the efficiency and relative performance of the different

techniques under scrutiny. All units used were in milliseconds.
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5.3. Analysis of Benchmarks

The first conclusion from this work was that the same basic path was found by all of the different
algorithms benchmarked. The only variations were caused by the AGV deviating from it's original path

to avoid colliding with a mobile obstacle.

However, the calculation time required to find that path varied considerably. Both the Standard Lee's
Algorithm and it's variation, developed earlier in this paper, were several orders of magnitude slower
then even the slowest of the Graph Theory techniques. Both Lee's Algorithms investigated in the course
of this paper were therefore dismissed as being far too slow to be of further interest and were excluded

from the remainder of this chapter for the sake of clarity.

In the rest of this chapter, results were presented which showed the performance of the different graph

search techniques in conjunction with both the Standard and Partial Updating techniques in the different

test scenarios.

5.3.1. Single AGV in a Static Domain

The first model we investigated contained only one AGV travelling in a domain which contained only
stationary obstacles, such as walls and corridors. This domain attempted to model how a single AGV and
it's navigation software coped in a static environment such as the most simplistic of automated warehouse,

where no human access was permitted while the solitary AGV was in operation.

Ten different scenarios which fitted the requirements for this model were created and then tested using
each of the different graph searching techniques. The performances of these different techniques were

collated and summarised in the following graph:
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Std. Breadth Std. Depth Std. Priority Std. A*
Part. Upd. Breadth Part. Upd. Depth Part. Upd. Priority Part. Upd. A*

Graph Techniques Used

As explained above, the average compute time per cycle was used as the measure of performance. As can
be clearly seen, the performance of the Partial Update Techniques was extremely consistent, regardless of
which search technique was used. By contrast, the performance of the Standard Update Techniques varied
significantly depending on which search technique was used. Overall, the Standard Update Techniques
needed an average Compute Time per Cycle of 0.583 ms. By comparison, the Partial Update Techniques
needed an average Compute Time per Cycle of 0.485 ms - a performance improvement of approximately
17%. To reduce deviation in the averaged times, both the worst and best performaces were then excluded,
to reveal that now the Standard Update Techniques reduced it's average Compute Time per Cycle to 0.429
ms while, by comparison, the Partial Update Techniques remained almost unchanged with an average
Compute Time per Cycle of 0.486 ms. The performance improvement of approximately 17% suddenly

became a performance drop of approximately 12%.

For a more detailed display of these findings, please note that the tables of actual results were enclosed in
Appendix A, along with tables which showed the averaged data used to generate these graphs. Details on

the features and assumptions used in these domains were given in Chapters 4.

5.3.2. Single AGV in a Domain with Independent Mobile Obstacles

The second model we investigated also contained static obstacles and only one AGV, like the model
detailed above. However, it also contained a small number of completely independent mobile obstacles

which moved through the domain totally oblivious to any attempt by the AGV to reach it's destination.
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The intended paths for these mobile obstacles were not known to the AGV or it's navigation software.
This model was used in an attempt to simulate a more flexible automated warehouse which allowed
human access to the warehouse floor while the AGV present was still in operation. The AGV still had to

reach it's destination without colliding with any humans who strayed into it's intended path.

In total, there were thirty different scenarios, which fitted the requirements for this model, created and
tested. Ten scenarios contained just one mobile obstacle, another ten scenarios contained two independent
mobile obstacles, and finally another ten scenarios contained three independent mobile obstacles. As with
5.3.1 above, each of the graph traversal algorithms were tested on all of these scenarios. As before, the

results were summarised in the following graph:

Std. Upd. Breadth Std. Upd. Depth Std. Upd. Priority Std. Upd. A*
Part. Upd. Breadth Part. Upd. Depth Part. Upd. Priority Part Upd. A*

Graph Techniques Used

As explained above, the average compute time per cycle was used as the measure of performance. As can
be clearly seen, the performance of the Partial Update Techniques was extremely consistent, regardless of
which search technique was used. By contrast, the performance of the Standard Update Techniques varied
significantly depending on which search technique was used. Overall, the Standard Update Techniques
needed an average Compute Time per Cycle of 0.673 ms. By comparison, the Partial Update Techniques
needed an average Compute Time per Cycle of 0.824 ms - a performance downgrade of approximately
18%. To reduce deviation in the averaged times, both the worst and best performaces were then excluded,
to reveal that now the Standard Update Techniques reduced it's average Compute Time per Cycle to 0.516
ms while, by comparison, the Partial Update Techniques remained almost unchanged with an average
Compute Time per Cycle of 0.821 ms. The performance improvement of approximately 18% suddenly

became a performance drop of approximately 37%.
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For a more detailed display of these findings, please note that the tables of actual results were enclosed in
Appendix A.2, along with tables which showed the averaged data used to generate these graphs. Tables
and graphs were also supplied for each individual experiment with just one mobile obstacle, then just two
mobiles and finally with just three mobiles present in the domain at the time. Details on the features and

assumptions used in these domains were given in Chapters 4.

5.3.3. Multiple AGVs in the same Domain

An interesting sidc-effect of the work done in the above section with a single AGV in a domain with
independent mobile obstacles quickly became apparent. The same techniques could also be used in a

domain with more then one independent AGV active at a given time. This was possible because of how

mobile obstacles were dealt with.

In the previous model, the AGV navigated through a domain to it's goal and avoided any mobile obstacles
which were encountered en route. This was done without making any attempt to predict the intended path
of these mobile obstacles, but simply allowing a safety zone around each obstacle. This same technique
could easily be applied to a domain where multiple independent AGVs navigated to their respective goals,

using the same navigation software, without colliding with each other or any other obstacles which might

also be present in the domain.

As far as each individual AGV was concerned, it didn't matter if the mobile obstacles present in the
domain were other independent AGVs, humans wandering through the domain or simply stationary
obstacles. As each AGV ran it's own complete instance of the same navigation software, each AGV
viewed all other AGVs as mobile obstacles from it's viewpoint, constructed safety zones and vertices to
reflect this and navigated around them accordingly - using technology successfully proven in the previous

section.

However, it is important to note that the navigation software treated the current AGV as the only AGV in

the domain a:mlmtand all other AGVs as mobile obstacles. Once a single navigation instruction
had been issued and executed for the current AGV, the next AGV in the domain was made the current
AGYV and the procedure repeated. Each of the AGVs worked totally independently of each other and at no

stage did any AGV know the intended paths of any of the other AGVs or any mobile obstacles which

might be in the domain.
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6. Conclusion

In this paper, a number of different techniques were presented for navigating an AGV through a domain
to it's goal. Of these, some were existing algorithms and others were extensions developed during the
course of this paper. Alter an initial review of all the techniques, the more relevant techniques were
implemented and their relative performances compared and evaluated. It should be pointed out from the
outset that all of the various techniques which were implemented during the course of this paper did
successfully find a path from the AGV to the goal in a domain with both stationary and mobile obstacles.
Usually, the path was found by all, but any variations did occur, these were necessary to avoid mobile

obstacles which had strayed into the AGVs original path. However, the relative performance of the

different techniques was quite varied.

The overall performance of the standard Lee's Algorithm was by far the slowest of all the techniques
examined in this paper, by at least several orders of magnitude. The Straight Line variant of this
algorithm, which was developed in the course of this paper, proved to be consistently faster then the
original, but was still orders of magnitude slower then the slowest Graph Theory techniques investigated.
Both of these Lee's tecliniques were therefore deemed impractical and dropped from any further

consideration.

Performance of the various Graph techniques implemented varied considerably, although they all proved
to be considerably faster then either of the Lee's Algorithm techniques. The question as to which Graph
technique returned the best performance really depended on the domain. In domains where there was
only one AGV and no mobile obstacles at all, the Partial Update graphing techniques performed faster on
average then the Standard Updating techniques. However, with one mobile obstacle in the domain, the
Standard Update techniques were faster on average then the Partial Updating techniques. With two
mobile obstacles, the Standard Updating was even faster. With three mobile obstacles, the Standard
Updating was even faster again. An interesting point was that the performance of the different Standard
Update techniques was quite varied, by over 260% in a given environment. By contrast, the Partial

Updating techniques produced remarkably similar performance results, always staying within 4% of each

other.

The point at which the Partial Update became slower then the Standard Updating techniques depended
on the ratio of vertices in the domain which were to remain unchanged compared to the number of

vertices in the domain which needed to be updated. In larger domains, with mostly static vertices, the
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Partial Updating technique would remain the more attractive option for longer then was demonstrated

here.

A significant and practical application of the techniques developed in this paper was that of multiple
AGVs working together in the same domain at the same time. As was explained in Chapter 5, the ability

ofan AGYV to detect and avoid both stationary and mobile obstacles was an important factor in this.

An automated warehouse could be staffed by multiple AGVs all working in a totally autonomous manner,
while each ran it's own instance of the navigation software. The decision to have no relationship between
the various AGVs within this domain was an important one. It meant that it would be possible to initially
staff a warehouse with a certain number of AGVs and to add more AGVs at a later stage when and if the
workload required it. The existing AGVs did not need to be re-programmed in any way to cater for the
newly added AGV. They simply treated the new AGV as yet another mobile obstacle in the domain, and
continued operating as per normal. This ability to increase the capacity of the overall automated
warehouse facility by simple installing more AGVs on the fly was quite important. Given the AGVs
ability to avoid both stationary and mobile obstacles, other AGVs in the domain could even be powered
down and serviced by humans en situ without having to stop the operation of the other AGVs in the
domain. This situation is a vast improvement on the current scenarios encountered in Automated
Warehouses, where any maintenance work or modification of the entire system required the entire system

to be completely halted for the duration.

What impact would all this have on industry? Without the overriding concern for long term reliability,
customers could buy many cheaper AGVs and simply swap in a new AGYV in the place of a faulty one,
without having to shut down the entire warehouse for the duration. Also, because of the ability to add
more AGVs to an existing operation, the "AIll or Nothing™ rule no longer applies. Custom built
warehouses which usually take a few years to build and are capable of dealing with the company's
planned production for the next 10-15 years are usually only the domain of the multi-national companies.
Smaller companies could automate suitable warehouses to a small extend at first, using one or two AGVs
in conjunction with the current human staff. Later, these warehouses could be moved to complete
automation by simply adding more AGVs while the existing AGVs continued to work uninterrupted.
This also meant that companies could continue to operate normally while their warehouses were being
automated, another expensive cost avoided. Overall, these points would lower the entry price tag for

companies who want to use automated warehouses and would therefore lead to more companies using

them.
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A. Benchmarks

In all of the following benchmarks, unless otherwise stated, GPU usage times are measured in seconds to a
precision of 1 millisecond. The distance units used in measurements are consistently left unspecified, as
the scale of the domain and the scale of the unit distances travelled can be determined by the reader,

simply by directly substituting any distance units, from angstroms to iurlongs.

Note that cach of die values listed within these tables was the average of ten iterations of each test

scenario.



A.l. Single AGV in a Static Domain

Map 0

Map 1

Map 2

Map 3

Map 4

Map 5

Map 6

Map 7

Map 8

Map 9

Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle

Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Tune Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
[¢lapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Dislance
Compute Timc/Cycle

Std .Breadth

47.473
22.967
22
23.657
1.044
31.038
14.755
14
15.657
1.054

62.565
31.191
29
31.071
1.076
12.474
6.132
5
5.828
1.226
44.876
22.308
21
23.900
1.062

28.507
14.153
13
15.071

1.089

26.376
12.402
12
12.828
1.034

43.189
20.793
20
22.900
1.040
21.894
10.155
10
11.657
1.016
38.520
18.511
18
20.900
1.028

Search Algorithm Used

Part. Upd. Breadth

20.278
10.849
22
23.657

0.493

13.434
7.367
14
15.657

0.526

28.373
15.908
29
31.071

0.549

4.537
2412
5
5.828
0.482
19.750
10.726
21
23.900
0.511

11.986
6.392
13
15.071

0.492

10.721
5.552
12
12.828

0.463

18.467
9.810
20
22.900
0.491
8.513
4.207
10
11.657
0.421
16.280
8.514
18
20.900
0.473

Std. Depth
18.378
9.111

22
23.657
0.414

12.198
6.144
14
15.657
0.439
25.264
12.560
29
31.071
0.433

4.854
2.362
5
5.828
0.472
17.160
8.576
21
23.900
0.408

10.875
5.385
13
15.071

0.414

9.864
4.805
12
12.828

0.400

16.654
8.213
20
22.900
0.411
7.878
3.800
10
11.657
0.380

14.505
7.137
18
20.900
0.397

Part. Upd. Depth
20.601
10.930

22
23.657
0.497

13.611
7.440
14
15.657
0.531
28.726
16.020
29
31.071
0.552

4.582
2.386
5
5.828
0.477
20.076
10.819
21
23.900
0.515

12.124
6.429
13
15.071

0.495
10.815
5.541
12
12.828
0.462
18.744
9.934
20
22.900
0.497

8.627
4.233
ia
11.657

0.423
16.478
8.574
18
20.900
0.476



Search Algorithm Used
Std. Priority Part. Upd. Priority Std. A* Part. Upd. A*

Elapsed Time 18.127 20.681 19.489 20.438
Compute Time 9.084 10.607 9.626 10.488
Map 0 Time Cycles 22 22 22 22
Distance 23.657 23.657 23.657 23.657
Compute Time/Cycle 0.413 0.482 0.438 0.477
Elapsed Time 11.915 13.698 12,771 13.542
Compute Time 5.760 7.302 6.247 7.167
Map 1 Time Cycles 14 14 14 14
Distance 15.657 15.657 15.657 15.657
Compute Time/Cycle 0.411 0.522 0.446 0.512
Elapsed Time 24.271 28.869 26.071 28.534
Compute Time 12.061 15.562 12.966 15.367
Map 2 Time Cycles 29 29 29 29
Distance 31.071 31.071 31.071 31.071
Compute Time/Cycle 0.416 0.537 0.447 0.530
Elapsed Time 4.811 4.620 5.196 4.566
Compute Time 2.277 2.332 2.524 2.289
Map 3 Time Cvclcs 5 5 5 5
Distance 5.828 5.828 5.828 5.828
Compute Time/Cycle 0.455 0.466 0.505 0.458
Elapsed Time 16.780 20.113 18.213 19.953
Compute Time 8.315 10.557 9.064 10.387
Map 4 Time Cycles 21 21 21 21
Distance 23.900 23.900 23.900 23.900
Compute Time/Cycle 0.396 0.503 0.432 0.495
Elapsed Time 10.629 12.204 11.529 12.145
Compute Time 5.261 6.293 5.711 6.234
Map 5 Time Cvclcs 13 13 13 13
Distance 15.071 15.071 15.071 15.071
Compute Timc/Cycle 0.405 0.484 0.439 0.480
Elapsed Time 9.771 10.935 10.622 10.853
Com pule Time 4.724 5.461 5.162 5.414
Map 6 Time Cycles 12 12 12 12
Distance 12.828 12.828 12.828 12.828
Compute Timc/Cycle 0.394 0.455 0.430 0.451
Elapsed Time 16.369 18.811 17.741 18.642
Compute Time 8.063 9.610 8.720 9.534
Map 7 Time Cycles 20 20 20 20
Distance 22.900 22.900 22.900 22.900
Compute Time/Cycle 0.403 0.481 0.436 0.477
Elapsed Time 7.854 8.751 8.572 8.632
Compute Time 3.787 4.194 4.097 4.120
Map 8 Time Cyclcs 10 10 10 10
Distance 11.657 11.657 11.657 11.657
Compute Time/Cycle 0.379 0.419 0.410 0.412
Elapsed Time 14.257 16.653 15.495 16.488
Compute Time 6.951 8.396 7.597 8.259
Map 9 Time Cycles 18 18 18 18
Distance 20.900 20.900 20.900 20.900
Compute Timc/Cycle 0.386 0.466 0.422 0.459

The recorded values for (he Compute Time / Cycle for each of the test scenarios, or ""Maps", was plotted in

the following graph.



0O Domain0
H Domain 1
0O Domain 2
0O Domain 3

Domain 4
a Domain 5
C3 Domain 6
[H Domain 7

0O Domain 8
H Domain 9

Std .Breadth Std. Depth Std. Priority First Std. A*
Part. Upd. Breadth  Part. Upd. Depth Part. Upd. Priority Part. Upd. A*

Graph Techniques Used
The average for each of the recorded Compute Times / Cycle was then calculated as follows:

Averaged Com tute Time / Cycle
Std. Breadth Part. Upd. Breadth Std. Depth Part. Upd. Depth
1.067 0.490 0.417 0.493

Averaged Com »ute Time / Cycle
Std. Priority Part. Upd. Priority Std. A* Part. Upd. A*
0.406 0.482 0.441 0.475

A graph was plotted using these averaged values, and analysed, in Chapter 5.



A.2. Single AGV in a Domain with Independent Mobile Obstacles

Search Algorithm Used

Map 0

Map 1

Map 2

Map 3

Map 4

Map 5

Map 6

Map 7

Map 8

Map 9

Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cyrle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed |ime
Compute lime
Time Cycles
Distance
Compute Time/Cycle

Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycic
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle

Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycic

Std. Upd. Breadth Fart. Upd. Breadtl

55.118
26.890
24
25,047
1.120
34,509
16.665
14
15.940
1.190
170.105
84.889
76
31.130
1.117
13.199
6.464
5
5.828
1.293
52.480
26.045
23
25.124
1.132

29.838
14.837
13
15071
1141
27.282
12.890
12
12.828
1.074
52.096
25.360
23
23.241
1.103
22.793
10.642
10
11.657
1.064
40.110
19.336
18
20.900
1.074

28.458
18.303
23
24.840
0.796
20.525
13.385
16
18.357
0.837
38.746
24.675
32
33.171
0.771
5.399
3.287
5
5.828
0.657

27.373
17.096
23
24.999

0.743

14.419
8.844
13
15.071

0.680
12.721
7.615
12
12.828
0.635
24512
15.424
21
23.982
0.734
10.205
5.903
10
11.657
0.590
19.933
12.078
18
21.099
0.671

Std. Upd. Depth
23.457
11.678

24
25.047
0.487
14.896

7.389

14
15.940
0.528
73.176
36.577

76
31.130
0.481
5.603
2.657

5

5.828
0.531
21.535
10.705

23
25.124
0.465

12.299
6.163
13
15.071
0.474
10.798
5.286
12
12.828
0.441
21.587
10.810
23
23.241
0.470
8.793
4.330
10
11.657
0.433

16.153
7.996
18
20.900

0.444

Part Upd. Depth
29.001
18.637

23
24.840
0.810
20.905
13.500

16
18.357
0.844
39.965
25.558

32
33.171
0.799
5.450
3.287

5
5.828
0.657
27.798
17.197

23
24.999
0.748

14.509
8.776
13
15.071

0.675
12.819
7.539
12
12.828
0.628
25.012
15.738
21
23.982
0.749
10.284
5.910
10
11.657
0.591
20.115
11.924
18
21.099
0.662



Map 0

Map 1

Map 2

Map 3

Map 4

Map 5

Map 6

Map 7

Map 8

Map 9

Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute 'lI'ime/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle

Std. Upd. PrioritlPart. Upd. Priori

22.778
11.279
24
25.047
0.470
14.312
7.042
14
15.940
0.503

71.330
35.601
76
31.130
0.468
5.527
2.690
5
5.828
0.538
20.887
10.367
23
25.124
0.451
11.961
5.871
13
15.071
0.452
10.709
5.219
12
12.828
0.435

21.073
10.427
23
23.241
0.453
8.737
4.239
10
11.657
0.424
15.818
7.849
18
20.900
0.436

Search Algorithm Used

28.848
18.056
23
24.840
0.785
20.833
13.214
16
18.357
0.826

39.226
24.273
32
33.171
0.759
5.505
3.235
5
5.828
0.647
27.670
16.811
23
24.999
0.731
14.604
8.664
13
15.071
0.666

12.923
7.407
12
12.828
0.617
24.849
15.156
21
23.982
0.722
10.413
5.828
10
11.657
0.583
20.268
11.857
18
21.099
0.659

Std. Upd. A*
24.363
12.090

24
25.047
0.504
15.286
7.550
14
15.940
0.539
76.125
38.033
76
31.130
0.500
5.884
2.878
5
5.828
0.576
22.469
11.162
23
25.124
0.485
12.859
6.319
13
15.071
0.486
11.507
5.626
12
12.828
0.469
22.602
11.208
23
23.241
0.487
9.468
4567
10
11.657
0.457
17.040
8.363
18
20.900
0.465

Part. Upd. A*
28.990
18.239

23
24.840
0.793
21.009
13.408
16
18.357
0.838
39.575
24.785
32
33.171
0.775
5.510
3.254
5
5.828
0.651
27.797
16.980
23
24.999
0.738
14.691
8.834
13
15.071
0.680
12.963
7.442
12
12.828
0.620
25.035
15.356
21
23.982
0.731
10.453
5.867
10
11.657
0.587
20.400
12.010
18
21.099
0.667



The recorded values for the Compute Time / Cycle for each of the test scenarios, or "Maps", was plotted in

the following graph.

Domains with 1 Mobile Obsticle

Domain 0
Domain 1
Domain 2
Domain 3
Domain 4
Domain 5
Domain 6
Domain 7
(D Domain 8
0 Domain 9

DDDOE‘DIU
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Std. Upd. Breadth Std. Upd. Depth Std. Upd. Priority Std. Upd. A*
Part. Upd. Breadth Part. Upd. Depth Part. Upd. Priority Part. Upd. A*

Graph Techniques Used

The average for each of the recorded Compute Times / Cycle was then calculated as follows:

Averaged Com [jute Time/ Cycle
Std. Upd. Breadth ~ Part. Upd. Breadth Std. Upd. Depth Part. Upd. Depth

1131 0.711 0.475 0.716

Averaged Com pute Time/ Cycle
Std. Upd. Priority ~ Part. Upd. Priority Std. Upd. A* Part. Upd. A*

0.463 0.700 0.497 0.708

These average values were then plotted to give the following graph.
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Map 0

Map 1

Map 2

Map 3

Map 4

Map 5

Map 6

Map 7

Map 8

Map 9

Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
lilapscd Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cvclcs
Distance
Compute Time/Cycle
Elapsed |ime
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed lime
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed 'l ime
Compute Time
Time Cycles
Distance
Compute Time/Cyclc

Std. Upd. Breadtl
62.396
30.703

27
25.412
1.137
40.141
19.597
17
16.057
1.153
73.720
36.748
31
31.354
1.185
14.638
7.137
5
5.970
1.427
102.396
50.822
46
25.665
1.105
32.614
16.121
13
16.144
1.240
32.099
15.552
13
14.891
1.196
140.180
69.354
62
22.958
1.119
25.347
11.994
10
11.915
1.199
44.023
21.256
19
20.900
1.119

Search Algorithm Used

Part. Upd. Breadtl
31.911
21.039

25
26.805
0.842
20.613
13.937
15
17.357
0.929
44.873
30.318
33
34.554
0.919
8.051
5.328
6
6.728
0.888
31.471
20.396
25
26.731
0.816
19.284
12.308
16
17.754
0.769
20.709
13.245
17
17.594
0.779
32.026
20.773
26
25.499
0.799
11.860
7.381
10
11.757
0.738
31.972
20.616
26
29.000
0.793

Std. Upd. Depth
27.083
13.533

27
25.412
0.501
34.933
17.384

35
16.174
0.497
30.983
15.509

30
31.130
0.517

6.701
3.247
5
5.828
0.649
22.917
11.438

23
25.089
0.497
14.347
7.084

13
16.144
0.545
13.719
6.818

13
14.891
0.524
60.408
30.226

62
22.958
0.488
10.278
5.041

10
11.915
0.504
18.267
9.082

19
20.900
0.478

Part. Upd. Depth
32.994
21.833

25
26.905
0.873
20.968
14.082

15
17.357
0.939
46.888
32.097

33
34.554
0.973

8.130
5.257
6
6.728
0.876
32.278
20.993

25
26.731
0.840

19.584
12.430
16
17.754
0.777
20.818
13.236
17
17.594
0.779
32.621
21.187
26
25.499
0.815
11.967
7.323
10
11.757
0.732
32.241
20.730
26
29.000
0.797



Map 0

Map 1

Map 2

Map 3

Map 4

Map 5

Map 6

Map 7

Map 8

Map 9

Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle

Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle

Std. Upd. Priorit Part. Upd. Priori

25.820
12.833
27
25.412
0.475
19.268
9.588
19
16.233
0.505
30.540
15.073
31
31.071
0.486
6.590
3.231
6
6.111
0.539
30.825
15.316
33
27.021
0.464
13.522
6.674
13
15.802
0.513
13.745
6.833
13
14.774
0.526
65.989
32.970
69
23.899
0.478
10.249
4.975
10
11.915
0.498
18.132
8.956
19
20.900
0.471

A - 10

Search Algorithm Used

32.440
20.899
25
26.905
0.836
20.855
13.682
15
17.357
0.912
45.265
29.833
33
34.554
0.904
8.145
5.170
6
6.728
0.862
31.789
20.181
25
26.731
0.807
19.560
12.184
16
17.754
0.762
20.949
13.075
17
17.594
0.769
32.433
20.580
26
25.499
0.792
12.046
7.242
10
11.757
0.724
32.467
20.483
26
29.000
0.788

Std. Upd. A*
27.601
13.676

27
25.412
0.507
20.500
10.160
19
16.233
0.535
32.482
16.163
31
31.071
0.521
7.013
3.394
6
6.111
0.566
32.952
16.438
33
27.021
0.498
14.422
7.148
13
15.802
0.550
14.587
7.171
13
14.774
0.552
70.338
35.137
69
23.899
0.509
10.985
5.368
10
11.915
0.537
19.397
9.606
19
20.900
0.506

Part Upd. A*
32.923
21.367

25
26.905
0.855
21.125
14.039

15
17.357
0.936
46.241
31.002

33
34.554
0.939

8.258
5.303
6
6.728
0.884
32.260
20.654

25
26.731
0.826
19.779
12.394

16
17.754
0.775
21.301
13.482

17
17.594
0.793

32.850
21.018
26
25.499
0.808
12.117
7.408
10
11r757
0.741
32.922
21.001
26
29.000
0.808



The recorded values for the Compute Time / Cycle for each of the test scenarios, or ""Maps'’, was plotted in

the following graph.

Domains with 2 Mobile Obsticles |

D Domain 0
D Domain 1
O Domain 2
0O Domain 3
0O Domain 4
G Domain5
O Domain 6
Q Domain7
O Domain 8
Q Domain9
Std. XJpd. Breadth Std. Upd. Depth Std. Upd. Priority Std. Upd. A*
Part. Upd. Breadth  Part. Upd. Depth Part. Upd. Priority Part Upd. A*
Graph Techniques Used
The average for each of the recorded Compute Times / Cycle was then calculated as follows:
Averaged Com »utc Time / Cycle
Std. Upd. Breadth Part. Upd. Breadth Std. Upd. Depth Part. Upd. Depth
1.188 0.827 0.52 0.84
Averaged Com putc Time / Cycle
Std. Upd. Priority Part. Upd. Priority Std. Upd. A* Part. Upd. A*

0.496 0.816 0.528 0.837

These average values were then plotted to give the following graph.

A-1



mpe-

Domains with 2 Mobile Obsticles (Averaged)

Std. Upd. Breadth Std. Upd. Depth Std. Upd. Priority Std. Upd. A*
Part. Upd. Breadth Part. Upd. Depth Part. Upd. Priority

Graph Techniques Used
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Map 0

Map 1

Map 2

Map 3

Map 4

Map 5

Map 6

Map 7

Map 8

Map 9

Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Timc/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Tune
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cjxle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle

Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle

Std. Upd. Breadth
64.474
31.825

27
26.695
1.179

46.769
22.837
19
16.988
1.202
75.186
37.477
31
31.237
1.209
18.319
9.011
7
6.311
1.287
75.044
37.134
32
28.269
1.160
39.146
19.334
16
16.320
1.208
32.483
15.531
13
13.784
1.195
63.932
31.279
27
24.241
1.158
27.276
12.971
n
12.198
1.179
51.015
24.763
22
23.172
1.126

Scarch Algorithm Used

I'nrt. Upd. Breadtl
35.488
24.482

25
25.771
0.979
34.758
24.112

24
23.057
1.005
57.668
39.756

41
41.678
0.970

7.239
4.673
6
6.028
0.779
34.982
23.479

26
29.214
0.903
21.148
14.820

14
16.454
1.059
20.812
13.889

16
16.577
0.868
33.883
22.053

27
27.082
0.817
15.176
10.122

n
12.223
0.920
94.027
63.298

71
73.899
0.892

Std. Upd. Deptf
30.738
15.264

28
26.612
0.545
18.629
9.268

16
16.730
0.579
44.369
22.101

42
31.578
0.526

7.053
3.402
5
5.828
0.680
36.344
18.065

35
25.997
0.516
18.466
9.087

17
17.202
0.535
15.697
7.779

15
14.750
0.519
27.434
13.705

27
23.807
0.508

182.059
90.947
212
12.847
0.429
19.620
9.676

18
20.958
0.538

Fart Upd. Depth
43.392
29.555

31
27.857
0.953
26.134
18.167

18
18.540
1.009
52.532
37.357

34
36.420
1.099

7.330
4.674
6
6.328
0.779
39.097
27.308

27
28.272
1.011
22.564
15.126

16
17.695
0.945
23.185
15.493

17
17.428
0.911
37.875
26.456

25
26.482
1.058

14.392
9.236
1
11.957
0.840
70.921
48.031
51
54.341
0.942



Map 0

Map 1

Map 2

Map 3

Map 4

Map 5

Map 6

Map 7

Map 8

Map 9

Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cyclc
Elapsed Time
Compute Time
Time Cycles
Distance
Compute Time/Cycle

Std. Upd. Priorit' Part. Upd. Priori

69.360
34,731
69
25.661
0.503
51.878
25.914
50
16.140
0.518
37.771
18.705
37
32.061
0.506
7.104
3.417
6
5.970
0.570

35.059
17.372
36
25.089
0.483
19.618
9.668
19
17.251
0.509
13.024
6.372
13
13.925
0.490
39.628
19.741
41
23.748
0.481
13.722
6.756
14
12.774
0.483
18.249
9.052
18
20.900
0.503
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Search Algorithm Used

43.386
29.117
31
28.230
0.939
29.253
19.813
20
21.357
0.991
49.755
33.496
35
37.371
0.957
9.373
6.025
7
7.128
0.861
33.838
23.008
23
26.297
1.000
21.268
13.958
16
17.271
0.872
24.050
16.305
17
17.228
0.959
38.898
26.657
26
27.741
1.025
13.034
8.257
10
11.715
0.826
34.581
23.144
25
27.582
0.926

Std. Upd. A*
73.607
36.647

69
25.661
0.531
54.843
27.230

50
16.140
0.545
40.016
19.962

37
32.061
0.540

7.530
3.672
6
5.970
0.612
37.293
18.576

36
25.089
0.516
20.883
10.321

19
17.251
0.543
13.878
6.751

13
13.925
0.519
42.193
21.014

4
23.748
0.513
14.634
7.300

14
12.774
0.521
19.374
9.583

18
20.900
0.532

Part Upd. A*
43.648
29.320

31
27.857
0.946
34.175
23.708

23
22.598
1.031
59.826
40.707

42
41.878
0.969

7.453
4.703
6
6.028
0.784
37.054
24.927

26
29.389
0.959
21.850
14.310

16
17.178
0.894
23.372
15.474

17
17.628
0.910
33.829
22.712

24
24.999
0.946
16.088
10.394

12
12.357
0.866
32.663
21.620

24
27.199
0.901



The recorded values for the Compute Time / Cycle for each of the test scenarios, or "Maps'', was plotted in

the following graph.

Domains with 3 Mobile Obsticles

O Domain 0
® Domain 1
O Domain 2
u O Domain 3
O Domain 4
O Domain5
3 O Domain 6
& O Domain7
\I/ O Domain 8
0O Domain 9
Std. Upd. Breadth Std. Upd. Depth Std. Upd. Priority Std. Upd. A*
Part Upd. Breadth Part. Upd. Depth Part. Upd. Priority Part Upd. A*
Graph Techniques Used
The average for each of the recorded Compute Times / Cycle was then calculated as follows:
Averaged Com [>ute Time / Cycle
Std. Upd. Breadth  Part. Upd. Breadth Std. Upd. Depth Part. Upd. Depth
1.19 0.919 0.538 0.955
Avcragctl Com pute Time/ Cycle
Std. Upd. Priority Part. Upd. Priority S(ii. Upd. A* Part. Upd. A*

0.505 0.936 0.537 0.921

These average values were then plotted lo give the following graph.

A- 15



Domains with 3 Mobile Obsticles (Averaged)

c

0-r
Std. Upd. Breadth Std. Upd. Depth Std. Upd. Priority Std. Upd. A*
Part Upd. Breadth Part. Upd. Depth Part Upd. Priority Part. Upd. A*

Graph Techniques Used
. in— — — —_

The average values for domains with 1, 2, & 3 mobile obstacles were then averaged as follows.

Averaged Com f)utc Time / Cycle
Std. Upd. Breadth Part. Upd. Breadth Std. Upd. Depth Part. Upd. Depth
1.17 0.819 0.511 0.837

Averaged Com pute Time / Cycle
Std. Upd. Priority Part Upd. Priority Std. Upd. A* Part. Upd. A*
0.488 0.817 0.521 0.822

These averaged values were then plotted and the resulting graph presented in Chapter 5.
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B. Source Code Listings

The Standard Lee's Algorithm which was implemented as part of this project was coded in ANSI C. The
filenames for each of the separate source code files were supplied inside C format comments (i.e. ldﬁat

the beginning ofeach file listing. A detailed explanation of the design behind this program was presented

in Chapter 3.

B.l. Standard Lee’s Algorithm

/= «num..h */
enum directions Ifront, back, left, right, frontright, frontleft, Packright, bacKleft, up, down, clearl;

/+ define.h */

«define FALSE 0

«define TRUE {jFALSE

/= «define DEBUG */

«define TIMER

«define NUMTIMES 10

«define MAPFILEMASK "MAP*_DAT™

«define width 20
Idefine LENGTH 20
«define HEIGHT 3

»define GOAL *"G"
«define START ~S*
«define OBJECT rX*
idefine ADJ_TO_OI1JECT 'x'
-define CLEAR

«define FRONT T 1
Idefine BACK <"B~
4define RIGHT m=R"
«define LEFT -L"
«define BACKLEFT ~T"
«define 8ACKRIGHT
Idefine FRONTLKE7 ~v*
lIdefine FRQNTRIGHT “wW"
«define [aw D"

«define NOCOST (float)0.0

«def ine NORMAL (float) 1.0

Idefine NORMALJMAG (float) 1.414214
ldefine BLOCKED (float)1000.0

«define PATH

«define ROOM Mi~
«define SCATTER 'S*

«define OBJECT REC -0
«define GOAL REC "G"
«define START REC -S-

/* ?truct.h */
typedef struct

float dist;
int from;
char type;
float cost 19);
1 POINT;

typedef struct daisy

int. w, L,hi

float di3t;

struct daisy '"prev, “next;
t NODE;

" ptoto.h */
void .idfl_node(NOPF.*) ;
void calc benchmark(void)j



int check back(NODE*);
int check_backleft(NODE*);

int check_ backright(NODE*)

int check “Front(NODE*);

int check_[frontleft(NODE*)

int check frontright(NODE™*

int check_"left(NODE*);

int check_[right(NODE*);

int check_[up (NODE*) ;

void del_all”~nodea(void);

void del_node(NODE*);

void dump_world(void);

int find_path(void);

int init(char);

int init_once_off(char*) ;

void init_worid(void);

void list_nodes(void);

int main(int, char**);

void mark_around_object(int, int, int);
void mark_path(void);

int position_goal(FILE*);

int position_objects(char, FILE*);
int position_start(FILE*);

void timer diff(struct timeb*, struct timeb*, struct timeb*);
void timer_init(void);

void timer~log_close(void);

int timer_log__open (char*)

void timer__start (void) ;

void timer_stop(void);

void trim_list(void);

/* 3dlee.c */

Name: 3dlee.c
Written by: John O ’Duinn
Version: 1.0
History: none

This program is my implementation of the standard 2d Lee’s algorithm,
extended to deal with time as a 3rd dimension. For the sake of simplicity
only 3 layers (3 time instances) are modelled in this program. However,
the concepts are the same for n time instances.

The basic idea of Lee"s algorithm is to find a goal point from a start
point. It does this by checking every point adjacent to the current
point and remembering from what direction the points were reached.

If none of the adjacent points are the goal, it checks their adjacent
points and so on.

Informally, it is very like a pebble in a pond causing ripples which
i 1

BTG B BOGA S SIS AU EEBEBSUSSNINSLE, T the pondh <

#include <stdio.h>

~include <conio.h>

#include <ctype.h>

#include <sys\timeb.h>

#include <dir.h>

#include "struct.h"

~include "define.h"

ffinclude "enum.h"

8include "proto.h"

#ifdef TIMER

struct ffblk cur=mapfile;

FILE* timer_log=(FILE*)NULL;

struct timeb benchmarks[NUMTIMES][2];
#endif

tfifdef DEBUG

FILE* rep;

#endif

POINT world[WIDTH](LENGTH) [HEIGHT];
NODE *head;

NODE end;

float trim;
struct timeb orig_time; /* used to calc elapsed time */

struct timeb timer, start, stop; /* used to calc compute time */

int main(argc, argv)
int argc;
char **argv;

int goal_found, 1i;
char ch;



struct I .imeb tmp-101,,0,0,01 ;

lifdef TIMER

if(linit_once_off(argv(0)))
return(0);

lendif

lifdef DEBUG

argv(0)), wH) ;

rep - fopen(sprintf(’%s.rep”,
if (rep — (FILE*)NULL)
return(0);
lendif
do
1
lifdef TIMER
for (i«0, tmp.time-OL, tmp.millitm-0; KNUMTIMES; i++, tmp.time-OL,
1
lendif
if (argc < 2)
init(ROOM);
else
1
ch = argv(l][0];
ch » toupper(ch)j
switch(ch)
case ROOM:
case SCATTER:
init(ch);
break;,
default:
init(ROOM);
| break;
I
lifdef TIMER
fprintf (timer_log, \n")
fprintf(timerlog, "Working on ts\n", curmapfile.ff_name);
lendif
lifdef DEBUG
fprintf(rep, "Starting from (1d,1d,%d)\n",
(*head).w, (*head).l, (*head).h)j
fprintf(rep, "Dest is at (td,td,td)\n",
end.w, end.l, end.h);
fflush(rep);
Sendlf
goalfound < find_path();
if (qoai_found)
printf ("\n\n"rhe distance is 13.1f\n",
worldfend.w](end.1)(end.h).dist);
lifdef DEBUG
fprintf(rep, "\n\nThe distance is 13.1f\n",
world(end.w](end.l1)[end.hl_dist);
lendif
1
else
1
printf("Goal not found - Nowhere left to look!\n">;
lifdef DEBUG
fprintf (rep, "Goal not found - Nowhere left to
lendif
1
lifdef TIMER
timet diif(«origtime, **top, itmp);
fprintf (timer_lo5, "*sU02d) Elapsed time:»051d.J03d\n",
imp.time, tmp.millitm);
benchmarks!il (0] .time - tmp.time;
benchmarks|i|[O] .millitm = tmp.millitm;
tprintf(timerlog, “Is(»02d> Compute time:*051d.S03d\n",

timer.mi 111tm);
benchmarks(i)(11l.time -
benchmarks|i](1). Ilitm ™
fprintf(timer |log, “Ha(HO2d)
world(end.w]lend.1](end.h).dist);
lendif
liCfioi DEBUG
lelose(rep);
lendif
Ilildef TIMER

timer._time,

«onclir
~ale benchmark 0

timer.time;
timer.millitm;

Distance to goal:%3.1f\n",

tmp.millitm-0)

look!W);

curmapfile.ff_name,

curmapfile.ff_name,

curmapfile.ffname,



1 while ((!'findnext(scur_mapfile));
lifdef TIMER
if (timer_log !- (FILE*)NULL)
timer_log_close()l
lendif
return(0);

/= init.c */
linclude <stdto.h>
einclude <string.h>
linclude <stdlib.h>
linclude <time.h>
linclude <math.h>
linclude <ctyps.h>
linclude <dir.h>
linclude <sys\timeb.h>
linclude "3truct.h"
linclude "define.h"
linclude "enum.h"
linclude "proto.h"

lifdef TIMER

extern FILE* timer_Jlog;

extern struct ffbllc curmapfile;

extern struct timeb origtime, timer, start, stop;
lendif

extern float trim;

extern NODE "head, end;

extern POINT world(WtDTH) [LENGTH](HEIGHT);

int iniilchar pattern)

FILE* fpdata;
trim " BLOCKED;

srand((unsigned)time(NULL));

origtime.time = timer.time ~ start.time - stop.time m OL;
origtime.millitm « timer.mlilitm « start.millitro - stop.millitm - 0;
fp_data * fopen(cur_mapfile.ff_name, "rt”);

if (fpdata — (FILE*)NULL)

return(FALSE);

Init_world(Q);
if (!poiition_ob}echs(pattern, fpdata))

fclose(fpdata);
return(FALSE);

If (ipoiition goal (fpdata))

fclose(fp_data);
return(FALSE);

if (jposition start(fp data))

fclose(fpdata);
return(FALSE);

fclossffp data);
return(TRUE);

int Init onceoff(char argvzero)

r

char mapdir(MAXDIRI ;

if (timerlogopen(argvzero))
return(FALSE);
printf("Enter the directory containing map riles, or \"g\” for quit:%);
fflush(stdin);
scanf(""s", mapdir);

if (touﬁper(mapdlr|01) n*Q®)

printf ("Oulu.inn..An") ;
return (FALSE)

if (clulit (mapdir))
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printf("The directory

return

¥

printf("Made %s the current
if (Findfirst (MAPITILE_MASK,

(FALSE);

timer_log_closeQ ;
return(FALSE);

return(TRUE);

void init_world{)

i
I
int a,b,c;

for(a=0;a<WIDTH;a++)

%s could not be found.\n", mapdir);

mapdir);
D))

directory.\n",
&cur_mapTfile,

for(®=0;bCLENGTH;b++)

for(c=0;C<HEIGHT ;C++)

world[a]l[b][c].dist=0.0;
world[a][b][c],from=clear;
world[a][b][c]-type=CLEAR;

if C -=

else

it ((a

it ((a

if ((a

if ((a

if ((a

HEIGHT-1)
world[a]J[b][c].cost[up] = BLOCKED;
world[a][b][c]-.-cost[up] = NORMAL;

=« 0) Q& (b==0))

world[a][b]l[c]-cost[frontright] = NORMAL_DIAG;
world[a)[b] [c]-cost[right] = NORMAL;
worldfa]l[b][c]-cost[backright] = BLOCKED;
world[a][b][c].cost[back] - BLOCKED;

world[aJ [b][c]-.cost[backleft] = BLOCKED;
world[a|[b][c].cost[left] = BLOCKED;
world[a]l[b][c].cost[frontleft] = BLOCKED;
world[a][b][c]-cost[front] = NORMAL;
continue;

= 0) & (b < LENGTH-1))

world[a] [b] [c].cost[frontright] =
worldfa]l[b][c]-cost[right] = NORMAL;

world[a] [b] [c].cost[backright] = NORMAL_DIAG;
world[a] [b] [c].cost[back] = NORMAL;

world[a] [b] [c].cost[backleft] = BLOCKED;
world[a][b][c].cost[left] = BLOCKED;

world [a] [b][c]-cost[frontleft] = BLOCKED;
world[a][b][c].cost[front] = NORMAL;
continue;

== 0) && (b==LENGTH-1))

world fal[b]Jlc]ecost[frontright] = BLOCKED;
world[a][b]fe]-cost[right] = NORMAL;

Worldf«*] Ib] jc] .cost [backright] = NORMAL_DIAG;
world[ajfbjic].cost[back] = NORMAL;
world[a][bjic]-cost[backleft] = BLOCKED;
world [a] ibj (c] -cost [left] = BLOCKED;
worldfa]lfbj(c].cost[frontleft] = BLOCKED;
i“rorid 14] [BTle] .cost [front] = BLOCKED;

continue;

< WIDTH-1) (b == 0))
worldfa][b][cj*cost[frontright] = NORMAL_DIAG;
world[a] [blicl-cost[right] = NORMAL;
world[a][bj(tj.cost[backright] = BLOCKED;
world[a][bj(cj-cost[back] = BLOCKED;
world[a][bj(of.cost[backleft] = BLOCKED;
world[a][bileJ.cost[left] = NORMAL;
worldfa]l[b](c].-cost[frontleft] = NORMAL_DIAG;
world [aJ [bj frcrj-cost [front] = NORMAL;

con tinue;

< LENGTH-1) &% (b < WIDTH-1))

world[a][b][c].-cost[frontright] = NORMAL_DIAG;
world[a]l[b][cl.cost[right] = NORMAL;

NORMAL_DIAG;



world[a]J[b][c].cost[backright] = NORMAL_DIAG;
world [a][b][c].cost[back] = NORMAL;
world[a]l[b][c].cost[backleft] = NORMAL_DIAG;
world[a][b][c]-cost[left] = NORMAL;
world[a]l[b][c]-cost[frontleft] = NORMAL_DIAG;
world[a][b][c].cost[front] = NORMAL;
continue;

if ((@a < WIDTH-1) ss (b == LENGTH-1))

worldfa][b][c]-cost[frontright] = BLOCKED;
world[a][b][c]-cost[right] = NORMAL;
world[a][b][c].cost[backright] = NORMAL_DIAG;
world[a]J[b][c].cost[back] = NORMAL;

world[a] [b][c].cost[backleft] = NORMAL_DIAG;
world[a][b][c]-cost[left] = NORMAL;
world[a][b][c].-cost[frontleft] = BLOCKED;
world[a][b]l[c]-cost[front] = BLOCKED;
continue;

if ((a :I: WIDTH-1) ss (b == 0))

world[a)fb)(cj.cost[frontright] = BLOCKED;
world[a}fbjicj.cost[right] = BLOCKED;
world[aj[b)fcj.cost[backright] = BLOCKED;
worldfaj[bj[cj.cost[back] = BLOCKED;
world[ajfb) fcj.cost[backleft] - BLOCKED;
worldfajjb|[cj.cost[left] = NORMAL;
world[ajfbj[cl.cost[frontleft] = NORMAL_DIAG;
worldfalibjicj.cost[front] = NORMAL;
continue;

it ({a >i« WIDTH-1) ££ (b < WIDTH-1))

world(a]llb][cJd,cost[frontright] = BLOCKED;
worldfa]llb][cj.cost[right] = BLOCKED;

world lalJlb] [cj ,cost[backright] = BLOCKED;
worldfa]l{b][cj.-cost[back] - NORMAL;
worldfa]fb][c].cost[backleft] = NORMAL_DIAG;
world [a] [b] [c].cost[left] = NORMAL;

worldfa] fb] [c].cost[frontleft] = NORMAL_DIAG;
world[a][b][c]-cost[front] = NORMAL;
continue;

if ((@a == LENGTH-1) (b == WIDTH-1))
f
worldfa][b][cl.cost[frontright] = BLOCKED;
world]laj(hj (cl.cost[right] = BLOCKED;
worldjaj[bj fcj.cost[backright] = BLOCKED;

worldfaj(h)ijc].cost[back] = NORMAL;
worldfa]lbjicl,cost[backleft] = NORMAL_DIAG;
woridfal fib] iCl ,cost [left] = NORMAL;
worldfaj(bjij.cj.-cost[frontleft] = BLOCKED;
worldjaj(b](cj.cost[front] = BLOCKED;
continue;

void mark_around_object(int w, int 1, int h)
int a,b,c;
for(a=w-l;a<=w+l;a++)

if (@< 0) Il (a>= WIDTH) )
continue;
for(b=1-1;b<=1+1;b++)

if ((b <0 N (b >= LENGTH))
continue;
for(c=h-1;c<=hHl;c++)

if ((c < 0) |l (c >= HEIGHT))
continue;

if ((c '= h)
Sfi (<a !'=w) || (b 1= 1))

continue;



if ((world[wJ (1] [l .type — OBJECT)

si  ((world[al(hi[cj.type — OBJECT)
1t (world]a] [hi [cl.type — ADJ_TO_OBJECT) ))
continue;
if ((world[w][1]]|h).type — OBJECT)
(world[a)(b](cJ.type -- CLEAR))

1
world[a) Ita) (c).front-clear;
world[a][b][c]-type-ADJ_TO_OBJECT;
1

else
1
world]a)|b]|[cj.-from~rclear;

worldjai|bj(cj.-type-CLEAR;

Int position goal[FILE*rp data)

char rec_type;

int @, w, 1> h;
if (fp_data — (FILE*)NULL)
do

end.w - randO » WIDTH;
end.l - rand() t LENGTH;

end.h » 03
1 while (woddlend.wj (end, 1) [end.hi .type 1I- CLEAR);

else

fseek(fp_data, OL, SEEKSET);
while (Efeof(fpidata))

if (fscanf(fpdata, ~“lc%d%did\n™, Srec_type, iw, si,

return iFALSE);
if (recltype -- GOALREC)

end.w m w;
=nd.l *“ 1;
end.h < h;
break;

t

1
for(i-0;i<HEIGHT;i f+)

world lend.w](end.1)111.from - cleat ;
world(ond.w) (end. 1] [il .type “ GOAL;

printf(”Deat is at (*d, td, id)\n”,end .w, end.l, end.h);

return(TRUE);

int position_objects(char pattern, FILE* fp data»

chat rectype;
int i, w, 1, h;

ii (pattern — KOOM)

£or(w-0; w<WIDTH-5; wn )

1-2;
switch(wf
case Q:
case \:
case 5:
break;
default :

forfh-D; hOIlEiaiT; h"H

world(w)[11[h].from - clear;
worldtwl[11[HI.type - OBJECT;

4



/=

for (W"0: v/tw

I-1;

for(h«

mark_around_objeot(w, i, h);

brea it;

)

IDTH-10; wtt]

0; h<HEIGHT; h++)

worldiwi[1]]h).from - clear;
world(w) (1) |h].type - OBJECT;
mark_around_object. (w, 1, h);

for (1-0; KLENGTH-2; 1+4)

w-WIDT

H-11;

switch(lf

case 3:

case 4:

case 5:

case 6:

case 7:

case 13:

case 14:

case |IS:
break;

default:
for(h-0; hcHEXGHT; h+*>

world[wj (11 |h] .ribra « clear;
world[w] [1][hi-type - OBJECT;

mark_aroiind cbiect (w, 1, h);

break;

for(1=2; SCLENGTH-1; t++)

t
w-WIDTH-5;
SWitCh(?
case 9:
case 10:
case 11:
break;
default:

for (W'WICNH-5;

for (h**0; h<HEIGHT; h++)

worldt«J 11) (lil.from - clear;
worldlw)[i][hi.type - OBJECT;
mnrkatound object(w, 1, ti);

break;

VKWIDTH; w+4)

1-LENGTH-V;
for (||-o;I h<HEIGHT; li+«]

worldfw) 1] |h).from - clear;
world[w] 11] [li] .typo - OBJECT;
mark_around object (w, 1, ti);

for (Ww=WIDTH-10; w<WIDTH; w+t)

1=LENGTH-3;
for (h”0; h<HEIGHT; Hm )

1
if (fp oiata —

f?2ruvo

worldlw]]1J3(Ch].from - clear;

world (w||1) (@i].type - OBJECT;

mark around object(w> 1> t);
(FI1,E“)NULL)

;07105 i*+)

do



= randt) % WIDTH;
- randl) % (LBNGTH-HEIGHT-2);

- =
1

while ((worldlw) tU (hi .type 1- CLEAR)
Si  (worldfw] [1H 1[hi .type 1- CLEAR));
tor (h»0>(i<HEIGHT ;h++1

world [w] i1th] 1h) .from = clear;
worldiw][1+hI[h].type = OBJECT;
wocldiw]tlth+1)|h].from » clear;
worldlw] tt+hH] Ih| .type - OBJECT;
worldjw) (1+h+2](Chj.from = clear;
wlorldlw][l+h+2i(h)_type = OBJECT;

si so |
Iseeklfpdata, Oh, SEEKSET);
while (1feof(fp_data))
1
if ({i - fscanf(fp_data, "*c%dtd*d\n", Srec”~type, sw, si, sh))
return(FALSE);
if [recltype OBJECTREC)
for(h-0;h<HEiGHT;h++)
1
world(w) (1+hl|h].from m clear;
world(w) (QHi I[hi-type - OBJECT;
marle around object (w, 1+h, hi;
printf("Object is at (»d,td,td)\n",w, 1, h);
1
t

else
1
Jfortl»0;i< 80; t++)

do

v;ll— cand(Q \ WIDTH;
1 - rand() » (LENGTH-HEIGHT-1);
hI » 03
while <(wajrid[willllh).type 1-CLEAR)
<( (world(w) [1+1][h]-type I- CLEAR));
for(ft-Qjh<HEIGHT;h++)
1
worldlw] |1+h) [hj.1"rom - clear;
world[w] | I+h|[hi_.type - OBJECT;
mark_around_obiect(w, 1, @) ;
world(w) (I+li+l1 1 |h) .from - clear;
world|w)(1+h+1lI[hi_type » OBJECT;
markacoundobjectfw, 1, h);

1
return (TRUE);
1

tnt poslLion atarl (Fll.E-fpd.i La)

NODE “n*2w;
char rectype;
tot w, 1, t;

if (fp data — (FILE*)NULL)
do

w - randQ r WIDTH;

) - rancio > f_EHGTHJ

h - 0;

1 while (world[w] [11[h].type !- CLEARL ;

else

13nokftp_d.ua, (I, SK"EKJSKT);
while (1feof(fp data))
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|
If (fscanl(fp_data, "tctdtd4d\n", srectype, sw, (1, 4h) 1- 41
return(FALSE);
If (rectype -- START_REC)
| break;
1

new * malloc(sJzeof(NODE!);
if (newl— (NODE =) NULL)

printf(“Unable to start Illstvn"™);
return(FALSE);

Cnew) .w - w;

(enew) ,1 *> 1;

lenew) .lt - h;

(*new).di3t - 0.0;

(enew) ,prev“ ("new) .next” INODE*)NULL;

3dd_node(new);

world] (“new) .w][(*new).11(0].from = clear;
world](“new).wj((*new).1)[oj.type * START;

printf ("Starting from (*d, *d, id)\n", (*head) .u, (“head).l, (*head).h);
return(TRUE) ;

f* 11.c o

einclude <stdio.h>
finclude <stdllb.h>
linclude "struct.h"
linclude "define.h"
»include "enum.h"
(include “proto.h"

extern FILE* rep;
extern float trim;
extern NODE* head;

void add_node(NODE” new)
NODE “imp;

it (new — (NODE*)HULL)
return;

if (head — (NODE*)NULL)
1
head - new;
(“new”.prev - |“new).next - new;
Sifdef DEBUG
fprintf(rep, "Inserted into empty list (td,id,td)\n”,
"enew),w, I new). 1, (*new).h);
lendii

else I
tmp - head;
(new* .prev“ (stmp) .prev;
tmp) .ptev-new;

(*new) .next’tmpj
tmp* (*new) .prev;
(*tmp) .next-new;
(1fdef DERUG
fprintf(rep, "Appended (id,Id,td)\n",
(*new).w, (+new),l, (*new).h);
lendif

void del”node(NODE*codie)

NODE etmp;

if ((-todie).prev “ todie)
1
Iflfdef DEBUG
fprintf(rep, "Disposing of Last Node (Id,td,td) dist“t3.1f\n",

(=todie).w, (“todie).l, ("todie).h, ("todie).dist);

»endif

hlead - (NODE*) NULL;

else
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tmp=(*todie).prev;

(*tmp) .next = (*todie).next;
tmp = (*todie).next;
(*tmp) .prev = (*todie) .prev;
head = (*todie).next;

#ifdef DEBUG
fprintf(rep, "Disposing of Node (%d,%d,%d) dist=%3.1f\n",
(*todie).w, (*todie).l, (*todie).h, (*todie).dist);

tfendif

free(todie);

void del_all_nodesQ

lifdef DEBUG
fprintf(rep, "Deleting entire objects listINn");
lendif

while (head J= (NODE*)NULL)

del__node (head) ;

)

void list_nodes(Q

t

lifdef DEBUG

NODE *tmp;

if (hea1 == NULL)
fprintf(rep, "The objects list is EMPTY!!I\n");
return;

fprintf(rep, "(Cw, 1, h) Dist Prev Next \n") ;

" \UDE

fprinfcl (cep#
tmp = head;

do |
fprintf(rep, " (%2d,%2d,%2d) %3.1f Ip %p\n",
Ctmp).w, (*tmp).1, (*tmp).h,
(*tmp) .dist, (*tmp).prev, (*tmp).next);
tmp = (*tmp).next;
J
while (tmp ! (NODE*)head);
fprintf (rep, "-———-- \n") ;
flendif

void trim list(Q)

NODE *tmp, *marker;
int trimmed=TRUE;

#ifdef DEBUG
fprintf(rep, "Trimming objects list!\n");
fendif
if (head == (NODE+)NULL)
#ifdef DEBUG
fprintf(rep, "The objects list is EMPTY!i\n"};
tfendif/* DEBUG*/
return;

tmp = head;
marker * (NODE*)NULL;
while (marker != tmp)

if (triromed==TRUE)

(

marker=tmp;
trimmed=FALSE ;

if ((+tmp).dist >= trim)

#ifdef DEBUG
fprintf(rep, "(%2d,%2d,%2d) %3.1f %p %p\n",
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(etmpl.w, (*tmp).1T,

C*tmp).h,

C*tmp) .dist, ("tmpl.prev, (etmp).next)

eendif
delnode(tmp) ;
trimmed-TRUE;

imp ”  (=tmp).nexti
lifdef DEBUG
fprintflrep, "————-—- \n")
eendi

/* logfiles.c */
einclude <stdio.h>
einclude <conlo.h>
~include <stdlib.h>
einclude <string,h>
einclude <dir.h>
eInclude <sy3\timeb.h>
~include "struct.h"
<lInclude "define.h"
einclude "enum.h"
einclude "proto.h"

lifdef
extern
~endif
fifdef
extern
~endif
extern

TIMER

FILE* timer_log;

DEBUG

FILE* rep;

struct timeb orig_tiroe, timer, start, stop;

void timerlogclosel)

fciose(timer log);

int timerlogopen(char*argv_zero)

char *tmp;
char logname |MAXFILE+MAXEXT] ;

while((tmp - strchr(argvzero, “\\")) " (char *INULL)
argvzero - tmp+l;

strcpy(logname, argvzero);

if ((tmp - strchr (legname, 1“  (char*)NULL)
strcpyltmp, ",LG<3") |

else
strcat(logname, ".LOG");

timer log * fopen(logname,”™wt+");

if (timer_log - (FILE*)NULL)
return(FALSE);

else

return (TRUE) ;

/* timer.c */

einclude <stdlo.h>
einclude <conio.h>
~include <stdlib.h>
=include <sys\timeb.h>
einclude "struct, ti"
einclude "define.h"
einclude "enum.h™
einclude "proto.h"

-ifdel

extern
extern
~endif
lifdef
extern
~endlE
extern

TIMER
FILE* timer loa;
struct tinteli benchmarks INUMTIMES | |2] ;

DEBUG
FILE* rep;
struct, timeb orig time, timer, start, stop;

void calcbonchmark(Q

lifdef TIMER
st ruct timeb avq;



int

for (i=0, avg.time-Ol« avg.milHtm-0;

avg.time+"benchmarkslil (0), time;

avg.ml 11 itm+-"hrai!Ctimarksli jf0) .ml

if (avg.millitm 1 1000 I- avg.mi
avg.-time +-
avg.miiiltm

fprintf(timer_log, "Tot.
1 (int) (avg.time t (long)NUMTIMES);
avg.time /- (long)NUMTIMES;

avg.mi itm +- i = 1000;
avg.millitm /« NUMTIMES;
fprintf (timer_l.og, "Avg. Elapsed time:i

for(i-0, avg.time-OL, avg.millitm-0;
avg.fcime+-bGnchmarks(i]fl].time;
avg.mJ.ilifcrot“benchmarks[i) [1).m
if (avgimiiiltm t 1000 !» avg.mi
avg.time +- (long)(avg.mi
avg.millitm t-

fprintf(timerlog, "Tot. Compute time:l
1 - (Int) (avg.Lima % (long)NUMTIMES);
avg.time /- (long)NUMTIMES;

avg.mi itm +_ i * 1000;
avg.millitm A- NUMTIMES;
fprintf (timerlog, ™"Avg.
fprintf (timerlog,

lendlf

compute time: 1

void timer_diff(struct timeb*start,

if ((“stop).mlllitm < (“start).millitm)

icNUMTIMES;

Elapsed time:i0O51d.*03d\n",

KNUMT IMES ;

struct timeb*stap,

it+l

itra;
itm)

(long)(avg..-»illitm / (short)1000);
%= (short)1000;

avg.time, avg.millitm);

0sid.t03d\n",
1++)

avg.time, avg.miiiltm);

itro;
1litm)

11itm / (short)1000);

(short)1000;

051d.t03d\n", avg.time, avg.millitm);

051d. i03d\n",
M)

avg.time, avg.millitm);

struct timeb dIff)

(“stop).ml itm +- (short)1000; /* entry when subtracting, stops*/
f—start).time +“ 1L; /= negative wraparound problems!*/
C“difff) .mlllitm (“stop) -millitm - (“start) .millitm;

(*diff)._time +=
CdlIf) millitm
i‘dlff)_time e

(lona) ((*diff).
(short)1000;

void tlroerinitl)

timer.timé * OL;
timer.mil) itm - )
ftime(Sorig timo);

void timer start!)

im
!
Ttime(sstart);

void timer stop!)

ftime(sstop);

tiroerdIff(istart, sstop, stimer);

/= utils.c </
elInclurfe «indio. Ii>
«Include «conio.h>
nclude <stdlib.h>
eInclude <sys\t.imeb
nclude "struct.Il"
ncludo "d*»ilno.h™
(include "eftum.h"

Ilitro /7 (short)1000);

((“stop).-time-(“start!._time);



Minclude "proto.h"

extern

FILE* rep;

extern float trim;
extern NODE* head;
extern NODE end;

extern

POINT world[WIDTH][LENGTH][HEIGHT];

extern struct timeb timer, start, stop;

int checkback(cur)
NODE*cur?™

NODE*new;

int w, h, 1;

float dist;

= (*cur).w;

w
1 - (*cur).1l;
h
i

= (*cur).h;
f (world[w][1][h].cost[back] != BLOCKED)
dist = (*cur).dist;

dis1§ += world[w][1][h]-cost[back];

if ((world[w][1][h].type — OBJECT)
[[ (world[w][11[h].type =- ADJ_TO_OBJECT))

return(FALSE);

if (dist > trim)
return(FALSE);

if (world[w][1][h].-type == GOAL)

world[w][1][h]-from = front;
trim = world[w] [1][h].dist

return(TRUE);

if ((world[w] [1][h]-type == CLEAR)

({world[w]l[1][h]-from =

clear)

dist;

r

int chec
NODE*cur,

N
i
i

w
1
h
i

I (world[w] [1] [h]_:iist > dist) ))

new=malloc(sizeof(NODE));
if (new == (NODE*)NULL)

printf("Out of Memory!\n");

exit(0);
(*new) ,w = w;
(*new) .1 = 1;
(*new) .h = h;

world[w][1][h].dist = (*new) .dist =

world[w] [1][h].from = front;

add_node (new) ;

1

eturn(FALSE);

k_backleft(cur)

ODE*n<?w;
nt w, h, 1;
loat dist;

= (*cur).w;
= (*cur).1;
= (*cur).h;

f (wor.llzd[w][l][h].cost[backleft] 1- BLOCKED)

dist = (*cur).dist;

dist +wm world [w] [1] [h] -cost [backleft];

1-
W—,

if ((world[w][1][h]-type == OBJECT)

1] (world[w] [1][h].type == ADJ_TO_OBJECT) )

return(FALSE);

if (dist > trim)
return(FALSE);
if (world[w][1][h]-type — GOAL)
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world |w][11 |ht-from - fronteight;
trim - world|w] (1](¢hi.dist - diat;
return(TRUE);

if ((world(w)[1](Ch).type ~ <clear)
61 ((woridjwjilj[hi.frorn — clear)
11 (world[w] il) [®] .dist > dist)))

new=mai ioc(sizeof(NODE));
if (new — (NODE*)NULL)
1
prihtfC*Out of MeraoryiNn™) ;
exi t(0);
1
(*new) .w e w;
(‘new) .1 « 1;
(*new) )i - h;
worldlw] (11(h].dist - (*new).dist - di3t;
world (wl |1] ¢h).-from frontxight;
add_node(new);
1
1
return(FALSE);
1

int checkbackright(cur)
MODE *cur;

NODE™ new;
int w, h, 1;
float dist;

w = |*cur).w;
1 - j»cur).l;
h - (*cur).hi
if (worli d(w)11)[h]-cost[backright) = BLOCKED)

dist - t’cur).dist;

dist +- worldtwlll)(hj.coat]|backright];

if ((world|w)|i]J[hj.type — OBJECT)

1l (worid]w] (XJ |h].type -- ADJ__TO_OBJECT))
return[FALSE);

it (dist > trim)
return(FALSE);
if (worlld(w)[ll[hi—type -= GOAL)
world[wll1ll[hi.from = frontleft;
trim - world(w)|1]J[h).dist « dist;
return(TRUE);
1
if ((worldtw)HUM.type — CLEAR)
<< ((world[wi(lj[h!l.from == ~lear)
I (world(w|[I]|h].dist > dist)))
1
new-mailoc(sizeof(NODE));
if (new —  (NODE*) NULL)
1
printf("Out of Memory!\n");
ex 11(0);
1 _—
("new) .w - w;
(Cnew) .1 - 1;
(*new).h * h;
world[wl111]hl.dist - (*neW) .dist * dist;
world|w]j1lijhl.ftorn - frontleft;
Jdd node(newl;
1
1
jeturn(FALSE) H

int check front(cur)
NOPE*cur;

NODE™* new;
int. w, ti, I;



float dist;

w » (*cur).w;
1 » (*cur).1l;
h - (*cur).h;

it (worlld(w)(l)|h).cost[front) i-BLOCKED)
dist - (*cur).dist;
dist ¢- world[w][11]h).cost[front);
I
if ((world(w)fl)|h).type — OBJECT)
I (world(w)|1]]h].type — ADJ_TO_OBJECT))

return(FALSE);

if (dist > trim)
return(FALSE);
(worid(w)[ll(hi.type — GOAL)

=

world[wj[1)(h).from « back;
trim “ world(w) [11[hj .dist < dist;
ieturn(TRUE);
if ((world[wj[lj[hi.type -- CLEAR)
<i ((world[wj(1)[hi.from “ clear)
Il (world[w][1][h).dist > dist)))

new-tnalloclsizeof (MODE));
if (new — (NODE*)NULL)
1
printfCOut of MemorylWw);
exit(0);
1
("new) -w < w;
(*new) .1 - 1;
(enew).h - h;
world(w] (1) |h].dist - (*new).dist - dist;
world(w)[1)[hj.from < back;
addnode(new);

1
return(FALSE);
1

int check_frontleft(cur)
NODE"cur;

NODE*new;
int w, h, 1;
float dist;

w - (*cur).w;

1 - (*cur).l;

h - (*cur).h;

if (world|wllli[h].cost(frontleft) 1!= BLOCKED)
1

dist " (“cur).dist;
dist *= world(w) (I) [h) .cost[frontleftl;
1+

w— g

if ((world(wj [11[h| _type =» OBJECT)

11 (world[w](11[h]-type — ADJ_TO OBJECT))
return(FALSE);

=

(dist > trim)
return(FALSE);
f (world[w](1)[h] -type - GOAL)
1

world|w)[1)(h].from - backright;
trim - woild|w)[1][h].dist - dist;
return(TRUE);
1
(world]w) iliF]_type — CLEAR)
m t(world(wj i B.from —clear)
11 (world|w]]t)[h].dist > dist)))

5

nw-mal loc(sizeof (NODE));
if (newI: (NODE*)NULL)

printf('out of Memory!\n");
exit(0);

Cnew).w « w;
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I“new).1 - 1;

(*new) .h « h;

worldfwl]|11]h].di3t - (*new).dist = dist;
wot Ld(w] 11] [li].from - backright;
ilddnode(new);

return(FALSE!;

int checkfrontright(cur)
NODE“cur;
1
NODE*new;
int w, h( I;
float di3t;

w - (*cur) .w;

I - (“curl.u

h - (*cur).h;

if (world[w] i .|hl.cost(frontrightl t- BLOCKED)
1

dist - (*cur).dist;

dist world|w] [1) [ti] .cost(lrontrightj;
1++;

wn-i

if ((world[«](I]|hl. type — object)

Il (world(w][11Chi.type -- ADJTO OBJECT)!

return(FALSE);

if (dist > trim)
return(FALSE);
if (world(w)[i][h).type — GOAL)
1
world [wl H ] [li] ,from - hack left;
trim * worid[w] |i) [h].dist - dist;
return(TRUE);
1
if ((worldfwl(1)[h].type — CLEAR)
((worldjw] [11 |h] .from — clear)
11 (world(w](1)[h].-dist > dist)))

new-mallocfsizeaf(NODE))j
if (new — (NODE*)NULL)

printi("Out of MemoryN\n”);
elxit(O);

(enew).w - w;
(*new) .1 - 1;
Cnew).h - h;
world[w] 1) [hi.dist - (“new).dist - dist;
worid(w)[1j[hi.from - backieCt;
add_node(nraw);
1
1
return(FALSE);
1

int check left(cur)
NODE'ciii;

NODE™* new;
int w, I, 1;
float dist;

w - (*cur) .w;
1 - (curl.1;
h * (*Cur) .hi

it jWorld(w]| [ij 'h] .cost 1left] !- BLOCKED)
1
dist - (“curl .dist;
di3t worldwlllitbl-costlleftl;
Ww—J
if ((worldlw)(11Chi-type — OBJECT)

13 (world (W) [11(h |.type -mm ADJ TO OBJECT))
return(FALSE);

If (dist > trim)
return(FALSE);



if (world[w] [1] [hj-type =% GOAL)
£
world[w][1][h]-from = right;

trim = world[w][1][h]-dist = dist;

return(TRUE) ;

if ((worldfw][1][h].-type == CLEAR)
((world[w] [1] [h] -from =*= clear)
1l (world[w][1]1[h].dist > dist)))

new=rnalloc(sizeof (NODE)) ;
if (new == (NODE*)NULL)

printf("Out of Memory!\n");

exit(0);

{*new).w * w;

(*new),1 - 1;

(*new).h « h;

world(wJ(I]J[hj.dist * (*new).dist
worldjw]fl]fhj.from = right;

add node(new) ;

1

return(FALSE);

int check right(cur)
NODE"cur;*“

NODE*new;

int w, h, 1;
float dist;

w = (*cur) .w;
1 = (*cur).1l;
h = (*cur).h;
if (world[w] [1][hj.cost[right] != BLOCKED)
dist = (*cur).dist;
dist += world[w] [1][h].cost[right];
W+
if ((world [w][1] [h].type == OBJECT)
1] (world[w][1][h]-type = ADJ_TO_OBJECT))

return(FALSE);
if (dist > trim)
return(FALSE);
if (world[w] [1] [h] -type =* GOAL)

world [w]J[1][h].from = left;

trim = world[w] [1][h].dist = dist;

return(TRUE);

if ((world[w][1][h].type == CLEAR)
((world[w][1][h]-from clear)
I[| (world[w][1]1[hj.dist > dist)))

new=maHoc (sizeof (NODE) ) ;
if (new =* (NODE*) NULL)

printf(”"Out of Memory!\n™) ;

exit(0);

(*new) .w = w;

(*new) .1 = 1;

(*new).h = h;

world[w][1][h].dist = (*new).dist
world [wl[1][h].from = left;
add_node(new) ;

return(FALSE);

int checkup(cur)
NODE “cur;

NODE*new;
int. w, hi 1I;
float dist;
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w = {"ecur) .w;

1 = (*cur).l;

h = (*cur).h;

if ((world[w][1][h]-cost[up] != BLOCKED)
£& (world[w][1][h]-from 1= down))

dist (*cur).dist;
dis% += world[w] [1]1[h].cost[up];

if &(world(w] [1]1[h].type == OBJECT)
11 (warld(w] (1] [h]-type
return(false);

if (dist > trim)
return(FALSE)?

if (world[w] [1][h]-type == GOAL)
world[w] [1] [h] -from = down;
trim = world[w][1][h].dist =
return(TRUE);

if ((world[w] [1]1[h]-type CLEAR)

((world[w] [1][h]-from clear)

new=malloc(sizeof(NODE))?
if (new == (NODE*)NULL)

== ADJ_TO_OBJECT))

dist;

(world[w][1][h].dist > dist)))

printf(”"Out of Memory!\n");

exit(0);
new) .w = w;
(*new) .1 = 1;
(*new) .h = h;

world[w][1][h]-.-dist

world[w] [1][h].from = down;
add node(hew);
return(FALSE)?
void riumo world!)
int a,b,c, hor,vert;
for (c=0, hor=1; c<HEIGHT; C++, hor+=25)

gotoxyChor, 1) ;
printf('time=t+%d\n",
for(b=0,

c);
vert=2;b<LENGTH;b++, vertf

gotoxy(hor, vert);
for(a=02a<WIDTH;a++)

(*new) .dist

+)

dist;

switch(world[a][b][c]j-type)

GOAL:
START:
OBJECT:

case
case
case
case

case PATH:

printf("%c”,

break;

case CLEAR:

ADJ_TO_OBJECT:

world[a][b][c]

switch(world[a][b][c].from)

case

case

case

case

case

right:
printf("R™) ;
break;

left:
printf(”"L");
break;

up:
printf("u™);
break;

down:
printf(”
break?

front:
printf("F") ?
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break;

case back:
printf("B") ;
break;

case backleft:
printf("T");
break;

case backright:
printf(u”);
break;

case frontleft:
printf(nv");
break;

case frontright:
printf("w");
break;

case clear:

default:
printf{".");
break;

1

break;

qrintf("\n");

intf i”\nvo™);

[:]I'I

int find_path(Q)

NODE *cur;
int result=FALSE, gaal_fo.und=FALSE;

clrscrQ;

timer_initQ;

timer_start P ;

while {head i= {NODE*)NULL)
f
timer_stop()
dump_world Q;
timer_start Q ;
cur = head;
result = check_front(cur);
if (result)

goal_found = TRUE;

mark_pathQ;

flifdef DEBUG

fprintf(rep, ~Trim is %3.1f\n", trim);
#endif

del_node(cur);

trim=listQ;

continue;

result = check_frontleft(cur);
if (result)

goal_found = TRUE;

mark_pathQ;

Hfdef DEBUG

fprintf(rep, "Trim is %3.1f\n", trim);

tfendif
del_node(cur);
trim_list{);

continue;

result = check~left(cur);
if (result)

goal_found = TRUE;

mark_pathQ;

lifdef DEBUG

fprintf(rep, "Trim is %3.1f\n", trim);
iendif

node(cur);

listQ:

continue;

result - check_backleft(cur);
if (result)
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goal_found = TRUE;

mark_path O ;

Sifdef DEBUG

fprintf(rep, “Trim is %3.1f\n", trim);
ffendif

del”~node(cur);

trim_list()?

continue;

result = check_back (cur)
if (result)

goal_found = TRUE;
mark_path();
#ifdef DEBUG
fprintf(rep, "Trim ia %3.1f\n", trim);
fcendif
del_node(cur);
trim_list(Q;
continue;
»
result = check_backright(cur);
if (result)

goal_found = TRUE;

mark_path();

frifdef DEBUG

fprintf(rep, "Trim is %3.1Ff\n", trim)
fendif

del_node(cur);

trim_listQ;

continue?

result = check_right(cur);
if (result)

goal_found = TRUE;

mark_pathQ;

#ifdef DEBUG

fprintf(rep, "Trim is %3.1f\n", trim) ;
fendif

del_node(cur);

trim_listQ;

continue;

result = check_frontright(cur);
if (result)

goal~found = TRUE;

mark path Q ;

#ifdef DEBUG

fprintf(rep, "Trim is %3.1f\n", trim)
#endif

del_node(cur);

trim_listQ;

continue;

result = check__up (cur) ;
if (result)

aoal”~found = TRUE;

mark pathQ;

tfifdef DEBUG

fprintf(rep, "Trim is %3.1f\n”, trim);
Jjfendif

del_node(cur); —_—

triinj. ist Q ;

continue;

del node(cur);
timer~stopO

dump_worldQ ;
return(goal_found) ;

void mark_path()

int i, w, h, 1;
float dist;

WEnjd vy
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1 “ end.1l;
for(h«0; (h<HEIGHT) «s (world(w) [11 Ih) .dist— 0.0) ;h+4>

end.h h;
dist - worid(w)(1)[h].dist;
ford-(int) dist; i>0; i- )

switch(world[w)[11(h)-from)

case front:
H

break;
case riaht:
W+

break;
case left:
)

break;

case back:

)
break;

case frontright:
1++;
W+
break;
case frontieft:
)
w—
break;
case backright:
i—
w+4 ;
break;

case bac:left:
)

w—
break;
case down:
h—
break;
default:
| break;

if (worldtw)[11(h).type j-START)
| world(w) (11[hi.type = PATH;

B.2. Modified Lee’s Algorithm

Tlic Modified Lcc's Algorithm which was implemented as part of this project was coded in ANSI C. The
filenames for cacli of the separate source code files were supplied inside C format comments (i.e. /* ’ﬁat

the beginning of each file listing. A detailed explanation of the design behind this program was presented

in Chapter 3.

/* enum.h </
enum directions Ifront, back, left, right, frontright, frontieft, backright, backleft,

up, down, clear);

/* define.h */

»define FALSE 0O

edefine TRUE !FALSE

/* ideflne DEBUG </

«define TIMER

»define NUMT1IMES 3

»define MAPFILEMASK "MAP*_PAT™

»define WIDTH 20
»define LENGTH 20
»define HEIGHT 3

»define GOAL *G”
«define START *S~
»define OBJECT "X1
«define AD.J TO OBJECT
»define CLEAR



edefine FRONT *F*
«define BACK ’B"
»define RIGHT -“R*
»define LEFT ~L"
»define BACKLEFT =T
»define BACKRIGHT U~
«define FRONTLEFT -~v-
»define FRONTRIGHT ~W
»define DOWN <D~

»define NOCOST (rioat)0.0

»define NORMAL (float)1l.0

»define NORMALDIAG (float)1.414214
»define BLOCKED (float)1000.0

«define PATH eee

»define ROOM "R"
»define SCATTER ~S~

»define OBJECT REC <0*
»define GOALREC "G~
»define STARTREC ~S~

/+ struct.h V
typedef struct

float dist;
int from;
char type;
float cost |9);
I FOINT;

typedef struct daisy
1
int w,1,h;

/- float dist;*/
float dist_from goal;
struct daisy *prev,*next;
1 NODE;

/* proto.h */

MODE* build_node(int, int, int, int, float);
void calcbenchmark(void);

float calc_dist_from_goal(int, int, int);
int checkback(NODE™*) ;

Int check backleft(NODE*);

int check backright(NODE*);

int check front(MODE*);

int checkfrontieft(NODE*);

int check frontriaht(NODE*);

int check_left(NODE*);

int check_line(NODE*);

int check_right(NODE*) ;

int check_up(NODE");

void delallnodes(void);

void delnode(NODE™);

void dumpworld(void);

int find path(void);

int init(char);

int init_once_off(char*);

void init world(void);

void insert_node(NODE*);

void list nodes(void);

int main(Cint, char**);

void mark path(void); -
int positiongoal(FILE*);

int position objects(char, FILE*);

int positionstart(FILE*);

void timer diff (struct timeb*, struct tlmeb*,
void timerinit(void);

void timer_log_close(void);

int timerlogopen(chare);

void timerstart(void);

void timer stop(void);

void trimiist(void);

/* Jddleeine.c </
* $occee

Name: Mleeine.c
Written by: _John O “Duinn
Version: 1.0

History: none

struct l.imeb*);



This program 13 a further adaptation of my initial 3dlee program. It
attempts to draw a "straight™ line tram the starting point to the goal,
by moving in whichever of the four directions would reduce the distance
to the goal by the most. This is repeated until

(@) a point is encountered which was already traversed at some earlier
point. If the point was reached in a shorter distance, then the point
is updated and the line continues. |If the distance to the point was
further than the previous encounter, than the line terminates (as if a
collision had occurred).

() an object is encountered. I1f this happens, then the Jdlee algorithm
is employed to ripple out from the "collision” and try to find a way

around the object. Every point on the edqe of the ripple is repeatedly
used as a starting point for the straight line algorithm and is subject

to the same operating conditions as the i ial straight line.

(c) the goal is reached

Fkkkkkkkkkkkk

einclude <stdio.h>
«include <conio.h>
«include <ctype.h>
«include <sys\timeb.h>
«include <dir.h>
«include "struct.h"
«include "define.h"
«include "enum.h"
«include "proto.h"

«ifdef TIMER

struct ffblk curmapfile;

FILE* timer log-(FILE*)NULL;

FILE* timer™avg-(FILE*)NULL;

struct timeb benchmarksINUMTIMESJ(2);
«endif

«ifdef DEBUG
FILE* rep;
«endlf

FOINT world(WIDTHIILENGTH) (HEIGHT);
MODE "head;

NODE end;

float trim;

struct timeb orig_time; /* used to calc elapsed time */
struct timeb timer, start, stop; /* used to calc compute time </

int maintargc, argv)
int argc;
char **atgv;
1
int goal_found, i;
char ch;
struct timeb tmp-10L,0,0,01;

»ifdef TIMER

if(Mnit once off (argv |0] ))
return(0);

eendif

~ifdef DEBUG
rop - fopen(sprintf(""3.rep”, argv1i01l),”w”);
if (rep =- (FILE*)NULL)
return(0);
«endif

do
1

fprintf (timer_avg, "Working on *s\n", cur_mapflle.ff_name);

«lfdei TIMER

for (i-0, trap.lime-OL, Lmp.millitm»0; #<NUMTIMES; I1++, tmp.time=0L,

1
~endi f

if (argc < 2)
init(ROOM);

else
1
ch - argv(11]O0];
ch - l.oupper (ch) ;
nwltch(ch)

1

tmp.millitm-0)



tmp.time,

timer.time,

case ROOM:

case SCATTER:
init(ch);
break;

default:
init(ROOM);
break?

1
4ifdef TIMER
fprintf(timer_log, =======*=
fprintf(timer_log, "Working on
lendif
#ifdef DEBUG
fprintf(rep,

cur_mapfile.ff_name);

Is\n",

“Starting from (%d,%d,%d)\n",

(*head).w, (*head).lf (*head),h);
fprintf(rep, "Dest is at (%d,%d,%d)\n",
end.w, end.l, end.h);

fflush(rep);

#endif

aoal_found = find_path();
if (goal_found)

printf("\n\nThe distance is %3.1f\n",
world[end.w][end.1] [end.h].dist) ?
#ifdef DEBUG
fprintf(rep, “\n\nThe distance is %3.1f\n",
world[end.w][end.1][end.h].dist);

#endif

[

-

else

printf('Goal not found - Nowhere left to look!\n");
#ifdef DEBUG
fprintf(rep, "Goal not found - Nowhere left to looklYn");
fendif
#ifdef TIMER
timer_diff(&orig_time, Sstop, strap);
fprintf(timer_log, 7%s (%02d) Elapsed time:%051d.%03d\n”, cur™mapfile.ff_name, i*

tmp.millitm)?
benchmarks[i][0]-time =
benchmarks[i]J[0].millitm =
fprintf (timer_log, “%s(%02d)

itm) ?

benchmarks[i][1]-time = timer.time?

benchmarks[i][1]- litm = timer_millitm?

fprintf(timer_log, s

tmp.time;

tmp.millitm?

Compute time: %051d. %03d\nfT,
timer.mi

world[end.w] [end.1][end.h].dist);

#endif

*ifdef DEBUG

fclose(rep);

#endif
Sifdef TIMER

flendif
calc_benchmark(Q;
1 while (findnext(scur_mapfile));

Fifdef TIMER

if (timer~log 1=

(FILE*)NULL)
timer_log__close Q;

Sendif
return(0);

/* i
~Ninclude
#include
«include
~include
iinclude
~include
#include
Finclude

include
~include
nclude

[
(iinclude

»ifdef
extern
extern
extern
ffendif

t.c

*/
<stdio.h>
<string.h>
<stdlib.h>
<time.h>
<math.h>
<ctype.h>
<dir.h>
<sys\timeb.h>
“struct.h"
“define.h"
“enum.h”
“proto, h"

TIMER
FILE*
struct ffblk cur jnapfile;
struct timeb orig~Lime,

timer loa?

timer, start, stop?

cur_mapfile. ff_name, i,

Distance: %3 .1f\n",cu

r__mapfile. ff_name,



extern float trim;
extern NODE “head, end;
e»xtern POINT world(WIDTHI (LENGTHI [HEIGHT);

int 'niﬁfchar pattern)
FILE* fpdata;
trim - BLOCKED;

srand((unsigned) time(NULL));
orig_time.time - timer.time - start.time - stop.time - OL;
origtime.millitm - timer.millitm » start.millitm - stop.millitm - O;
fp_data » fopen(curmapiile.ff_name, "rt");
if (fp_data — (FILE«)NULL)

return(FALSE);

Init_world(Q);
if (ipo?ition_object3(pattern, fpdata))

fclose(£p_data);
return(FALSE);

if (!po?ition_goal(fp data))

fclose(fpdata);
return(FALSE);

if (Ipo?itionstart(tp data))
fclose(fpdata);
Teturn(FALSE);

felose(£p data);
lieturn (TRUE) ;

once_off(char*argv_zero)

=
=

B
char mapdir[MAXDIRJ;

if (!timerloqopen(argvzero))
return(FALSE);

printf("Enter the directory containing map files, or \"g\" for quit:");
fflush(stdin);

scant("la”, mapdir);

it (tou?per(mapdir[o[) -» "Q7)

printf("Quitting...\n");
return (FAL.SE);

if (chdir(mapdir))

printf("The directory Is could not be found.\n", mapdir);
return(FALSE);

printf(“Made ts the current directory.\n", mapdir);
it (findfirst (MAPFILE MASK, icur inaptile, 0))

timer_log_clo:ie Q
return (FALSE) ;

return(TRUE);

void initworldO
int a,b,c;
for (.v—i;a<erTH;ai D)
f0r(b—0ib<LENGTH:bi*>

(or(<e—%;c<HEIGHT;c++)

world]a][b][c]-dIst”0.0;
wot Id[al(bl[c]-trom-clear;
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world[a]J[b][c]-type=CLEAR;
if (c = HEIGHT-1)
world[a]l[b][c].cost[up] - BLOCKED;
else
world[a][b][c]-.-cost[up] = NORMAL;
if (@ == 0) & (b==0))

world[a][b][c].cost[frontright] = NORMAL_DIAG;
world[a][bjic].cost[right] = NORMAL;
world[a][bj[cf.cost[backright] = BLOCKED;
world[a][b]icj.cost[back] = BLOCKED;
world[a][b][cj.cost[backleft] = BLOCKED;
worldfa][b][cj.cost[left] = BLOCKED;
world[a][bj[cj.cost[frontieft] = BLOCKED;
world[a][bj fel*cost[front] = NORMAL;

continue;

if (@ == 0) & (b < LENGTH-1))

world[a]l[b][c].cost[frontright] = NORMAL_DIAG;
world [a] [b] [cj -cost [right] = NORMAL;
worldfa]l[b][c].cost[backright] = NORMAL_DIAG;
worldla]J[b][c],cost[back] = NORMAL;

world jfa [b] [c]-cost[backleft] = BLOCKED;
worldfa][b][c]-cost[left] = BLOCKED;
worldfa]J[b][c].cost[frontieft] = BLOCKED;
worldfa][b][c]-cost[front] = NORMAL;

continue;

it ((a 0) ifi (b==LENGTH-1) )

world[a][b] [c].cost[frontright] = BLOCKED;
worldfa][b][c]-cost[right] = NORMAL;
world[a][b][£]-cost[backright] = NORMAL_DIAG;
world[a][b][c].-cost[back] = NORMAL;
world[a][b][c].cost[backleft] - BLOCKED;
world[a][b][e]-cost[left] = BLOCKED;
world[a]J[b][c].cost[frontieft] = BLOCKED;
world[a] [b] [c]-cost[front] = BLOCKED;
continue;

if ((a <I WIDTH-1) & (b == 0))
world[a]l[b]l[c].cost[frontright] = NORMAL_DIAG;

world[a]l[b]l[cj.cost[right] = NORMAL;
world[a][b]fcj.cost[backright] = BLOCKED;

world[a] [bj [cj.cost[back] = BLOCKED;
world[a][bj[cj-cost[backleft] = BLOCKED;
world[a][b][cj.cost[left] = NORMAL;

worldfa][bj[cj.cost[frontieft] = NORMAL_DIAG;
world[a][bj[c].cost[front] = NORMAL;
continue;

if ((a < LENGTH-1) Sfi (b < WIDTH-1))
f
world[a]l[b][c].cost[frontright] = NORMAL_DIAG;
world[a]l[b][c].cost[right] = NORMAL;
world[a]l[b][c].cost[backright] = NORMAL_DIAG;
world[a]l[b][c].cost[back] = NORMAL;
world[a]l[b][c].cost[backleft] = NORMAL_DIAG;
world[a]l[b][c]-cost[left] = NORMAL;
world[a][b][c]-cost[frontieft] - NORMAL_DIAG;
world[a]l[b][c].cost[front] = NORMAL;
continue;

if ((a <I WIDTH—tf- & (b == LENGTH-1))
world[a] [bj [c].cost[frontright] - BLOCKED;
world[a] [bjfc].cost[right] = NORMAL;
world[a][bjfcl«cost[backright] = NORMAL_DIAG;

world[a][bj[c].-cost[back] = NORMAL;

world [a] [b] [c] -cost [backleft] = NORMAL_DIAG;
world[a][bjfc].cost[left] = NORMAL;
world[a][bjjc].cost[frontieft] = BLOCKED;
world[a] [bjjc].cost[front] = BLOCKED;
continue;

if ((a :I- WIDTH-1) &S (b -= 0))

world[a] [bl[cj -cost[frontright] = BLOCKED;
world[a][bj[cj.cost[right] = BLOCKED;
world[a]J[b]j~l.cost[backright] = BLOCKED;
world fa] [b][cj-cost[back] = BLOCKED;
world[a] [b][cj.cost[backleft] = BLOCKED;



world[a)[b][c].coat]left] ~ NORMAL;
world[a]lib](c].costifrontleft) - NORMALDIAG;
worldtaj[b]id.costjfront] » NORMAL;
continue;

(@ ~ WIDTH-1) << (b < WIDTH-1))

worldla)[bl[c].cost[frontright] - BLOCKED;
worldlajijblid.cost(right] = BLOCKED;
worldialC bl (c).cost[backrightl - BLOCKED;
worid(a)[oj[c|.cost]|back] - NORMAL;
worldial[toj[c|-cost[backleft) « NORMALDIAG;
world[a|[bj[cj.cost(left) - NORMAL;
worid[a](b)icj.cost[frontieft) - NORMALDIAG;
world[aj [bj [cl .cost [front] » NORMAL;
continue;

if ((@a «« LENGTH-1) << (b — WIDTH-1))

world[al(to)(c).cost(frontright] » BLOCKED;
worldial[bjjc).costjright) - BLOCKED;
worldial()id.cost(backright) » BLOCKED;
worldialijbj(cj.cost[back) - NORMAL;
world[aj(blicl.cost[backleft] « NORMALDIAG;
worldialToj|c],cost(left] - NORMAL;
worldlai(bj[cj.cost[frontieft) m BLOCKED;
world(a]l(blicj.cost[front] - BLOCKED;
continue;

void mark_around_object(int w, int 1, int h)
1
int a,b,c;

for (a-w-l;a<»wH;a++)
1
if (@< 0 11 (a=>- WIDTH))
continue;
for(b-1-1;b<-1+1;b++)
1
if ((b < 0) 1l (b > LENGTH))
continue;
for(c-h-1;c<«h+l;c++)

if <(c <0 I It HEIGHT))
continue;

if ((c 1- h)
s* (@ '-wy I b 1" 1))

continue;

if ((world|w] (A]1[h].type —m OBJECT)
((worl ito] jc).type — OBJECT)
11 (world iai|bl [c]-type — ADJ_TO_OBJECT)))
continue;

if ((world[w]| [11(h). type =" OBJECT)
ss (world(a)(bl(cj.-type — <clear))
1
worldla]]lb]|[c]-rrom*clear;
worldla](bj(c]-typo-ADJ TOOBJECT;
1
else
1
worldla)[b][c]-from-clear;
worldja)[b](cj-type-CLEAR;
1

int position goal(FILE*fpdata)

char reclype;
int 1, w. I, Ii;
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If (fp cllata ~  (FILE*) MULL.)

do I
end.w - rand() \ WIDTH;
end.l - rand() t LENGTH;
end.h - 03
1 while (world(end.w)[end.l)(end.hi.type != CLEAR) ;

fseek(fpdata, OL, SEEKJJET);
while (Jfeof(fp_data))

else

if (fscanf(fp_data, "*cid%d%d\n", srec_type, sw, il ch) (- 4)
return(FALSE);
if (rec_type =~ GOALREC)

end.w w w;

end.l ” 1;
end.h - h;
break;

for (i-0:KHEIGHT; it+)

world (end .wl (end. 11[i]. from - clear;
world[end.w)[end.11[i].type - GOAL;

printf("Dest is at (id, %d,td) W,end.w, end.l, end.h);
return (TRUE) ;

int position_objects(char pattern, FILE* fpdata)

char rec type;
int 1, w, 1, h;

if (pattern — ROOM)

for(w*0; w<WIDTH-5; w++)

1-2;
switch (W)
1
case 3;
case 4:
case b5:
break;
default:

for(h—O;I IKHEIGHT; h++)

world[w] [1) [h]-from - clear;
world[w] [11(h].,type - OBJECT;
mark aroundobject(w, I, h);

break;

1
for (w-0; wcWIDTH-10; w++)
1
1=1;
for(h-0; (KHEIGHT; hf+T
1
world[w] (1] [h].fcam - clear;
wor Id[wl[I]]hl.type - OBJECT;
mark_around object(w, 1, h);
1
1
for (1-0; KLENGTH-2; U+)
1
w»WEiJ1"11-U;
swi tch(l)

case 3:
case 4:
case S:
case r:
case >
case 13:
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1*

case 14:
case 15:
break;
default:
for(h:01 h<HEIGHT; h++)

worldfw][1][hj.from = clear;
world [wj [1] [h].type = OBJECT;
mark_around_object (w, 1, h);

break;

J
for (1=2; KLENGTH-7; 1++)

w=WIDTH-5;

switch(@
case 9:
case 10:
case 11:
break;
default:
for(h=0; h<HEIGHT; h++)
world[w][1][h]-from = clear;
world[w][1][h]-type = OBJECT;
mark_around_object (w, 1, h);
1 break;

for(W=WIDTH-5; w<WIDTH; w++)

I=LENGTH-7;
for(h=Q;_h<HEIGHT; h++)

world[w] [1][h]-from = clear;
world[w][1][h].type - OBJECT;
mark__around_object (w, 1, h) ;

J

Ffor(w=WIDTH-10; w<WIDTH; w++)

I=LENGTH-3;
for(h=0; h<HEIGHT; h++)

world[w] [1][h].from = clear;

world [wW] [1]fhj.type = OBJECT;
mark_around_object(w, 1, h) ;

if (fp_data = (FILE*)NULL)
for(i=0;i< 10; i++)
do

= rand() % WIDTH;

=S —
Ll

= 0;

while ((world[w] [1J[h].type !=

rand() % (LENGTH-HEIGHT-2) ;

CLEAR)

& (world[w] [1+1][h]-type != CLEAR));

for(h:01h<HElGHT;h++)

world(w)fi+h][h].from =
world IWwj[1+h][h].type =
world|w) jl+h+1][hj.from
worid|w|] [1+h+1][h].type
worldiwl[1+h+2][h].from
W?L\Id[w| [1+h+2] [h]-type

else

fseek(fp_data, OL, SEEK_SET) j
while (!feof(fp data))
f

clear;
OBJECT;

= clear;
= OBJECT;
- clear;
= OBJECT;

if ((i = fscanf(fp_data, "%c%d%d%d\n", srec_type, &wr 41/ fih))

return(FALSE);
if (recbype =» OBJECT_REC)
f
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for (h—Oih<HEIGHT;h+*)
world[w) [H-hl (hi .from - clear;
world|w][Ifhl(h].type - OBJECT;
mark_.around_object (w, 1+h, h);

print!*("Object is at (Id, td, Id) \n",w, 1, h);

else

for(i-0;1< 80; i++)

do

- randO i WIDTH;

- rand() 1 (LENGTH-HEIGIIT-1);
- 0;

— R = —

while ((woridful[i)[hi.type I- CLEAR)
Si  (worldjwl [1+1] fh.)) .type I1- CLEAR]);
for{h-0;h<HEIGHT;K++)

world[wJ(lthlI[h].from - clear;
world (w) f1 hJ¢h].type - OBJECT;
mark_around_object{w, 1, h);
worldfw][1+h+11[hi.from - clear;
world[w) [1+K+11[h1.type - OBJECT;
mark_around_object(w, i, h);

1

1
return(TRUE);
1

int poaitlon_start(FILE“£p_data)
1
MODE “hew;
char rec_type;
int w, 1, h;

If (fp data -- (FILE")NUI.L)

do

- randO » WIDTH;

« randO 9% LENGTH;

- 0;

while (world [wj [11 [hi .type != CLEAR);

v T R =

1

|
fseek (Ep_dal:a, OL, SEEKSET)
while (!feof(fp data))
1
if (fscanf (fp data, ™™c%hd*dtd\n", $xec_type, iw, <1, ill) I«
return(FALSE);
if Ilrec type - STARTREC)
break;

else

1
new - malloc(sizeof(NODE) 1;
if (newl— (NODE*)NULL)

printf["Unable to start [liflt\n");
return(FALSE);
1
(new) .w - w;
(Cnew).1 - 1;
(»new) It - h;
(*new).dist Eromgoal - calc dist from 7~oal ({“now) .w, ("new).l, (“nw) .hi ;
(»new! .ptev (*new) .next- (MODE*)
Insert node(new);
world [WL [11[li].from == clear ;
world(w) (tl[h].type - START;
printf C'Start Ind from (td, vd, id)\n*\ ("head) .w, (“liead).l, {*héad]|.li);
return(TRUE);
1
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«include <stdio.h>
«include <stdlib.h>
«Include <math.h>
«include "struct.h"
»include "define.h"
finclude "enum, h"
»include "proto,h™

#ifdef
extern
flendif
extern
extern
extern
extern

NODE™*

DEBUG
FILE* rep?

float trim;

NODE* head;

NODE end;

POINT wor ld[WIDTHJ[LENGTH][HEIGHT];

float tmp;
NODE* new;

if ((w>=0) Sf (VKWIDTH)
&& (1>=0) 66 (KLENGTH)
&& (h>=0 (hCHEIGHT))

tmp = calc_dist_from_goal (w, 1, h);
if (dist + tmp < trim)

CLEAR)
clear)

if ((world[w][1][h]-type
((world[w][1][h]-from

build_node(int w, int 1, int h, int from, float dist)

1] (world[w][1][h].dist > dist)))

new malloc(sizeof(NODE));
if (new =  (NODE*) NULL)

~~

it(0)?

® T
LV

new) .w = w;
(*new] .1 = 1;
(*new).h = h;

(*new) .dist_from_goal - tmp;

(*new) .prev = (*new).next =
world[w][1][h]-dist = dist;
world[w] [1] [h].from = from;
return(new) ;

return((NODE*)NULL);

void del~node(NODE*todie)

NODE *cur;

cur=(*todie) .prev;
if (cur == todie)

~—~

#ifdef DEBUG

intf("Out of Memory!\n");

(NODE*)NULL;

fprintf (rep, ™Disposing of Last Node (%d, %d, %d) \n",
(*todie).w, (*todie).lr @todie) .h) ;

tfendif
head = (NODE*)NULL;

else

(+tcur) .next=(*todie) .next;
cur = (*todie).next;
(*cur).prev = (*todie).prev;
if (head = todie)

head = (*todie).next;
#ifdef DEBUG

fprintf(rep, "Disposing of Node (%d,%d,%d)\n"f
(*todie).wr (*todie).l, (*todie).h);

tfendif

free(todie);



void del_all_nodesQ
lifdef DEBUG
fprintf(rep, "Deleting entire objects list!\n");
lendif
while (head 1= (NODE*)NULL)

del_node(head);

void insert node(NODE* new)

NODE *cur;
if (new =  (NODE*)NULL)
return;
if (head( == (NODE*)NULL)
head = new;
(*new).prev = (*new) .next = new;

#ifdef DEBUG

fprintf(rep, "“Inserted into empty list (%d,%d,%d)\n",
(*new) .w, (*new) .1, (*new) *h);

#endif

Seturn;

cur=head;

do
f
if ((*cur).dist_from_goal >= (*new).,dist_from_goal)
1
/* insert before current node */
if (head == cur)
head = new;
(*new).next = cur;
(*new).prev = (*cur).prev;
(*cur).prev = new;
cur = (*new) .prev;
(*cur).next = new;
return;
(:D}UI‘ = (*cur).next;
while (cur != head) ;
/* has not been inserted yet, so append to dIl. +/
cur = head;
(*new) .next = cur;
(*new).prev = (*cur).prev;
(*cur).prev = new;
cur = (*new) .prev;
(*cur).next = new;

»ifdef DEBUG
fprintf(rep, "Inserted (%d,%d,%d)\n",

Cnew) .w, (*new) .1, (*new) -h);
#endif

void 1 istnnodes()

lifdef DEBUG
NODE Ump;

if (head == NULL)

fprintf(rep, "The objects list is EMPTY!I\nn);

return;
fprintf(rep, “"( w, 1, h) Dist Prev Next \n");
fprintf (rep, ™ \n") ;
tmp 7 head;

do
I

fprintf (rep, " (*2d,%2d,%2d) %04d Sp %p\n",
Ctmp).w, (*tmp).1, (*tmp).h,



world[(C*tmpl.w) | (*tmp),1]|C (=tmp),h).dist,
(“tmp).prev, (*tmp).next);
tmp ” (*tinp) .next;

while ttmp 1- |MODE*ihead);
fprintf (rep, "----——- \n™) ;
«endif

void trimlist)
1
float tmp;
NODE “cur-head, “markor-- (NODE*)O0;
int trimmed~TRUE;

«ifdef DEBUG

fprintf(rep, "Trimming objects list!\n");
~endi f

if (curI (NODE*)MULL)

Jifdef DEBUG
fprintflrep, ~Tlie objects list is EMPTY11\n") ;
Jendif
return ;
1
while ((marker !- cur) Il (trimmed - TRUE))

1
if (trimmed- TRUE)

marker-cur;
trimmed-FALSE;
1
tmp - world((“cur).w|] [(*cur).1]1((*cur).h].dist;
if {(tmp ¢ (*cur).distfromgoal) >- trim)
t
«ifdef DEBUG
fprintf(rep, " (t2d,%2d,t2d) *0<id Ip Ip\n
(‘cur).w, (*cur).1, (*cur) .h,
tmp, (‘cur).prev, (@cur).next);
tendi T
if (cur *= (*cur).next)

dol nano(cur);
break;
1

1

marker - (*eur}.next;
del __node(Cur) ;
euromarket;

tr irtiroed-TRUE;

else

1
«ifdef DEBUG
fprintf (rep, “-———-—- \n") ;
sendif

/* Imjfiles.c */
iinclude <atdio. h>

(include <conio.h>

«include <atdlib.h>

«include <strimj.h>

«include <dir.h>

«include <sys\timeb.h>

«include "struct.h”

«include "detlne.h”

«Include "enum.h"

«include "proto.h*

«ifdef TIMER

extern FILE"™ timer log;

extern FILE* timer .ivg;

«endi (

«ifdef DEBUG

extern FILE" rep;

«end IF

extern struct timeb origtime, limer, start, stop;



void timer_log_close(Q
if (timer__log != (FILE*) NULL)

fclose (timer_log)
timer log = (FILE*)NULL;

if ztimer avg !- (FILE*)NULL)

fclose(timer_avg);
timer avg - (FILE*)NULL;

|
)

int timer_log_open(char*argv_zero)

char *tmp;
char logname[MAXFILE+MAXEXT];

while((tmp = strchr (argv__zero, “\\")) \- (char*)NULL)

argv_zero = tmp+1l;
strcpy(logname, argv_zero)
if ((tmp = strchr(logname, *.7)) != (char*)NULL)

strcpyitmp, " .LOG"™) ;
else
strcat(logname, ™.L0OG™);
= fopen(logname,"wt+");
if {timer_log == (FILE*)NULL)
ceturn(FALSE);
if ((tmp = strchr (logname, ~.%)) (Char*)NULL)
strcpy(tmp, ".AVG");
else
streat(logname, ".AVGM);
timer_avg = fopen(lognamé,mwt+");
if (timer_avg =- (FILE*)NULL)
return(FALSE);
else

return(TRUE);

f

/+ timer.c */

finclude <stdio.h>

?include <conio.h>

clude <stdlib.h>

clude <sys\timeb.h>

clude <dir.h>

#include "struct.h"

~include "define.h"

finclude "enum.h"

~include "proto.h™

#ifdef TIMER

extern FILE* timer_log;

extern FILE* timer_avg;

extern struct timeb benchmarks[NUMTIMES][2];
extern struct ffblk cur_mapfile;

#endif

Tifdef DEBUG

extern FILE* rep;

#endif -
extern struct timeb orig_time, timer, start, stop;
extern NODE end;

extern POINT world[WIDTH]J[LENGTH][HEIGHT];

void calc benchmarkQ

»ifdef TIMER
struct timeb avg;
int i;

for(i=0,_ avg.time”OL, avg.millitm=0; {#i<NUMTIMES;

avg.time+=benchmarks[i][0].time;
nvg.millitmf=bencbmarks[i][0].-millitm;
if (avg.millitm % 1000 != avg.millitm)

i++)



avg.time += (long)(avg.-millitm / (short)1000);
avg.millitm %= (short)1000;

fprintf(timer_log, "Whs Tot. Elapsed time:%051d.%03d\nn
avg.millitm) ;

i = (int) (avg-time % (long)NUMTIMES);

avg.time /= (Qong)NUMTIMES;

avg.m itm += i * 1000;

avg.-millitm /= NUMTIMES;

fprintf(timer_avg, "%s Avg. Elapsed time:%051d.%03d\n",
avg.millitm);
fprintf(timer_log, "%s Avg. Elapsed time:%051d.%03d\n",

avg.time”OL, avg.millitm=0; i<NUMTIMES; i++)
avg.time+=benchmarks[i][1].ti
tm+=benchmarks[i][1]
illitm % 1000 != avg.millitm)

avg.time += (long)(avg.-millitm / (short)1000);
avg.millitm %= (short)1000;

fprintf(timer_log, " Tot. Compute time:%051d.%03d\n"

itm);
= (int) (avg.time % (long)NUMTIMES);
avg.time /= (long)NUMTIMES;

litm += i * 1000;

avg.

avg.m litm /= NUMTIMES;

fprintf(timer_avg, %S Avg. Compute time:%051d.%03d\n"
avg.mi itm);

fprintf(timer_log, "'%hs Avg. Compute time:%051d.%03d\nn

avg-mi itm);

fprintf(timer_log,
fprintf(timer_avg,
fprintf(timer_avg, »);
fprintf(timer_log, ®m*-**_==*»_ e=-e===%“-\n") ;

Sendif

"%s Dis tance:%3.1f\nn, cur_mapfile*ffuname,

void timer_diff(struct timeb*start,

if (i*stop).millitm < (*start)._.millitm)

(*stop) .millitm += (short)l000; /+ carry when subtracting,

struct timeb*stop, struct timeb*diff)

cur_mapfile.ff_name,

cur_mapfile.ff_name,

cur_mapfile.ff name,

cur_mapfile.ff_name.

cur_mapfile.ff_name,

cur_mapfile .ff_name,

world[end.w][end.1] [end.h]
"%s Distance:13.1f\n", cur_mapfile,ffuname, world[end.w] [end.1] [end.h]

stops*/

*start).time += 1L; /* negative wraparound problems!*/

Gdiff), millitm += (*stop)-millitm - (*start) .millitm;
C*di£f) .time += (long)((*diff).millitm / (short) 1000) ;
@ "diff) . itm %= (short) 1000;

iidiff)_tlme += ((*stop).time-(*start)._time);

void tiT%r initQ
timer.time = OL;
timer._mi itm = 0;
ftime(sorig_time);

void timer_start(Q

ftime(sstart);

void timer_stop()

ftime(sstop);

timer_diff(sstart, &timer);

sstop,

/* utils.c */

#include <stdio.h>
ifinclude <conio.h>
~include <stdl
ilinclude <sys\timeb.h>
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avg.time,

avg.time,

avg.-time.

avg.time,

avg.time,

avg.time,

dist);
.dist);



«include "struct.h"
=include "define.h"
=include "enum.h"

einclude "proto.h"

-ifdef DEBUG

extern FILE* rep;

~endif

extern float trim;

extern NODE* head;

extern NODE end;

extern POINT world(WIDTH) [LENGTH! (HEIGHT!;
extern struct timeb timer, start, 3t0p;

float calc_dist_fromgoal(w, 1, h)
int w, 1;

float dist-0.0;
for(s)

if (h >0

T

dist +” NORMAL;
iontinue;

if ((w 1 end.w) ss (@ > end.l))
W—
1--3
dist NORMAL_DIAG;
continue;

it ((w > end.w) ss (1 -- end.l))
W—

dist +- NORMAL;
cont inue:

if {(w> end.w) ii (I < end.1))

w—=3
1++;

dist »- NORMAL DIAG;
continue;

if ((w T» end.w) 1is (1 > end.l))

-
dist +- NORMAL;
continue;

if ((w=>» end.w) ii @ - end.l) ii ( -
break;
if (iw -» end.w) SS (@ < end.l))
U+,
dist 1- NORMAL;
continue;

If ((w < end.w) is (@ > end.l))

WM,

1-
dist +- NORMALJHAG;
continue;

if ((w< end.w) it <1 end. 1))

wH;
dist >- NORMAL;
continue;

it (W< end.w) ii (1 < end.l1))

WH+ 3
1++;

dist *- NORMAL DIAG;
continue;

0))



return(dist);

tnt check_back(cur)

NODE*cur;

NODE “new;
int w, b, 1;
float dist;

w = (*cur) .w;

1 = (*cur).l;

h = (*cur)-h;

dist = world[w][1][hj.dist;

if ((world[w] [1][h]-.cost[back] == BLOCKED)
1] (world[w] [1-1] [h].type = ADJ__TO_OBJECT)

(world[w] [1-1] [h].type =» OBJECT))
return(FALSE);

dist +- world[w][1][h].-cost[back]?
if (world[w] [1-1] [h] .type — GOAL)
|

if ((world[w][1-1][h]-from == clear)
1] (dist < world[w] [1-1][h].dist))

trim = dist;

world [w][1-1][h].dist
world[w] [1-1][h].from
return(TRUE);

trim;
front;

else

| return(FALSE);
I--;
if ((world[w][1][h]-type == CLEAR)
s& ((world[w][1][h]-from == clear)

1l (dist < world[w] [1][h].dist)))

new=build_node(w, 1, h, front, dist);
if (new != (NODE*)NULL)
insert_node(new)

return(FALSE)

int check_backleft(cur)

NODE*cur;

NODE*new;
int w, h, 1;
float dist;

w
1
h

= (*cur).w;
= (*cur).1;
- (*cur).h;

dist = worldfw][1][h].dist;

if ((world[w][1][h].cost[backleft] == BLOCKED)
1] (world[w-11[1-1][h].type == ADJ_TO_OBJECT)
Il (world[w-1][1-1][h].type == OBJECT))

return(FALSE);

dist += world[w][1][h]-cost[backleft];

if world[w-1][1-1][h].-type == GOAL)
if ((world[w-1][1-1][h].from == clear)
1] (dist < world[w-1] [1-1] [h].dist))
trim = dist;
world[w-1][1-1][h].dist = trim;
world[w-1]1[1-1][h].from = frontright;
return(TRUE);
else
return(FALSE);
|
I
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if ((worldtw] |11(h] -type — CLEAR)
i< ((world(w][ljChj-from — clear)
I (dist < worldlw)(11(h).dI3t)))

new-buiid_node(w, 1, h, frontright, dist);
if (new I- (NODE")NULL)
| insert_node(new);

return(FALSE);

int check_backright(cur)
MODE*"cur;
1
NODE*new;
Int w, h, 1;
float dist;

w m (*cur).w;
l - (*cur).l;
h = (*cur).h;
dist - world(w)(1J(h).dist;

if ((world(w)[1](h).cost(backright) - BLOCKED)
11 (world(wtl) (1-1) (hi.type — ADJ_TO_OBJECT)
I (worldlw+1)(1-11Chi.type — OBJECT))

return(FALSE);

di3t +e worldiw)[1]¢h].cost(backright];
if (world(w+l] (2-1]1 (h) -type — GOAL)
1
if ((world(w+l]|11-1]Ch).from — clear)
Il (dist < world(wtl)[1-1](¢hi.dist))
1
trim « dist;
worldlwfl1(1'11|hl_dist * trim;
world(w+1j[1-1jjhj.from * frontleft;
return(TRUE);
1

else
return(FALSE);
1
1
W+ + 3
if ((worldlw)(1](h]-type — CLEAR)
ft ((world(wj|llj[h].from clear)

Il (dist < worid]w] (1) (h).dist)))
1
new«build_node(w, l h, frontleft, dist);
if. (new I- (NODE*) NULL)
insertnode(new);
1
return(FALSE);

int chock_front(cur)
MbOEx»cur;
1
MODE4new;
int w, h, 1;
float dist;

w N (*ecur) .w;
1 - (*cur) .i;
h - (*cur).h;
dist - world(w](1l]]h].dist;

if ((world(w] |1] (hj -cost (front | BLOCKED)
1 (world(w|[1+11]hl.type — ADJTO OBJECT)
11 (world|w] [HI |]h] .type — OBJECT)™)

return(FALSE);
dist »" world(w) (1) (h]-coat Ifrontl;
if (world|w] 11*11 |h].type <>* <50AL)
1

il ((worldw] (1+1 ] [M).from m <"ko.ir)
Il (. list < worid]w| (1+1) |h] -(list))
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trim = dist;
world[w][1+1][h].dist = trim?
worldiw][1+1][h].-from = back;
return(TRUE);

else

| return(FALSE);
1+
if ((world[w] [1]1[h].type == CLEAR)
&& ((world[w] [1][h].-from == clear)

Il (dist < worldfw] [1][h].-dist)))

new=build node(w, 1, hf back, dist);
if (new != (NODE*)NULL)
insert_jiode(new)

return(FALSE);

int check_frontleft(cur)
NODE*cur;

NODE*new;
int w, h, 1;
float dist;

w = (*cur) .w;
1 = (*cur).l;
h = (*cur).h;
dist = world[w] [1] [h].dist;

if ((worldfwj(1lJd [h].cost[frontleft] BLOCKED)
Il (world(w-1][1+1][h].type = ADJ_TO_OBJECT)
11 (worldiW-1]J[1+1][h]-type == OBJECT))

rsturn(FALSE);
dist += world[w][1][h].cost[frontleft];
if (world [w-1][1+1][h].type == GOAL)

if ((world [w-1][1+1J[h].from == clear)
b (dist < world [w-1] [1+1] [h].dist))

trim = dist;

world[w-1]J[1+1][h].dist - trim;
world[w-1][1+1][h].from = backright;
return(TRUE);

else
return(FALSE);
I
1++;
W= ?
if ((world[w] [1][h]-type == CLEAR)
&& ((world[w][1][h].from =- clear)

Il (dist < world[w] [1] [h].dist)))

new=build node (w, 1, h, backright, dist);
if (new 1* (NODE*)NULL)
insert_node(new);

return(FALSE);

int check_frontright(cur)
NODE*cur;

MODE™* new;
int w, h, 1;
float dist;

= (*cur).w;
= (*cur).1;
= (*cur).h;
ist = worldfwj [1][h]-dist;

QT R, =
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if ((world[w] [1][h].cost[frontright] == BLOCKED)

11 (world [w+1] [1+1] [h] -type =*~ ADJ_TO_OBJECT)

1] (world[w+1][1+1][h]-type == OBJECT))
return(FALSE);

dist += world[w] [1][h].cost[frontright];
If (world[w+1][1+1][h].type =- GOAL)
|

if ((world[w+1][1+1][h].from == clear)
1] (dist < world[w+1][1+1][h]-dist))

trim = dist;

world [w+1][1+1][h].dist
world[w+1][1+1][h].from
return(TRUE);

trim?
back;

else
return(FALSE);

1+H?

W+

if {(world[w] [1] [h] -type == CLEAR)
((world[w][1]1[h]-from == clear)

Il (dist < world[w][1][h].dist)))

new=build_node (w, 1# h, backleft, dist);
if (new 1~ (NODE*)NULL)
1 insert_node(new);

return(FALSE);

int check__left(cur)
NODE*cur ;~

NODE*new;
int w, h, 1;
float dist;

w = (*cur).w?
1 = (*cur).1l;
h = (*cur).h?
dist - world[w] [1][h].dist;

if ((world[w] [1] [h].-cost[left] == BLOCKED)
11 (world[w-1][1][h]-type == ADJJTO_OBJECT)
Il (world[w-1j[1][h]-type == OBJECT))

return(FALSE);
dist += world[w][1][h].cost[left];
if (world[w-1][1]1[h].type == GOAL)

if ((world(w-1][1][h].from == clear)
11 (dist < world[w-1][1][h].dist))

trim = dist;
world[w-1][1][h] .dist
world[w-1]J[1][h].from
return(TRUE);
1
else —_—
J return(FALSE);

trim;
right;

wW— 3
if ((world[w] [1] [h]-type =- CLEAR)
((world [w] [1] [h].from == clear)

Il [dist < world[w][1][h]-dist)))
1
new=build_node(w, 1, h, right, dist);
if (new i= (NODE*)NULL)
| insert_node(new) ;

return(FALSE);

int check line(cur)



NODE*new;
int tmp_wf tmp_Ifw, h, 1/ from;
float dist;

w (*CM) ,w;
1 - (cur) .1;
h - (“cur).h;
dist = worldfw][1][h].dIst;
for(;;)
tmpjw = end.w - w;

tmp_I - end.l - 1;
if ((emp_w > 0)
sfi Ctrap_1 > 0))

from = backleft;
dist += world[w] [1]1[h]-cost[frontright]t
W+
1+
\
if ((tmp_w > 0)
& (tmp]l == 0))

from = left;
dis]? +=a world[w] [1] [h] .cost[right];

if f.{tmp_w > 0)
6& itmp 1 < 0))
1

from - frontleft;

dist_ += world[w] [1][h]-cost[backrightj;
)

1- i

if ((tmpw < 0)
AA (tmprl > 0))

from < backtight;

dist ¢- woe ld|w](1](hJ.cost(ftontleft];
+H

if ((tmp_w < 0)

&& (tmp_l1 == 0))

from = right;
dist += world[w][1][h].costfleft];
we -
I
if ((tmp_w < 0)
&& (tmp_1 < 0))
|

from = frontright;
dist +» world[w] [1] [h] .cost[backleft] ;
W— 3
%—;
if ((tmp_w == 0)
(tmp_1 > 0))
\
from = back;
dist += world[w][1][h].cost[ffont];
%*?
if {(tmp_w == 0)
fis (tmpfl < 0)
from = front;

dist += world[w] [1] [h].-cost[back];

1

if (world[w][1][h]-type == GOAL)
if ((world[w][1][h].from == clear)
Il (dist < worldfw][1][h].dist))
f
trim = dist;
world[w][1][h].dist = dist;
world[w][1]1[h]-from = from;

return(TRUE);



else
return(FALSE)J
1

If ttworid fw) (1) 111) .type — OBJECT)
I (world fw|[11[hi.type — ADJ_TO_pBJECT))

return (FALSE) ;

If {tworld(w)(1J3(Ch).type — CLEAR)
s« ((world |w] 11j[tij.from — clear)
Il (dist < worldIw](1][h]-dist)))

1
new « build node(w, ),

h, fr

if (new !- (NODE*)HULL)
insert_node(new);

else
return(FALSE);
1
dump_world Q;
1

int chock_right(cur)
NODE*cur;
1
NODE*new;
Int w, h. 1I;
float dist;

w - {“cur),w;
1 » <*cur).l;
h - (“cur),h;
dist - world(w] (11(h).dist;

If t(worldlw) 11110) .cost[riqlitl -- BLOCKED)
1IN (world[wtl]|1](hj.-type — ADJ TO OBJECT)
11 (world |«tl 1]1] ffl] .type — OBJECT)-)

return(FALSE);
dist +- worid[wl[1][h].-cost[right];
if (world(w+i|[1](h].-typo — GOAL)

1
if ((world[w+lI[1](Ch).from —

clear)

Il (dist < worldfwU] [11 [hi .dist))

1
trim - dist;

world(w+131(C1)Ch).dist = trim;
worldjw+1]1(C11Ch].from = left;
return (TRUE)
1
else
return(FALSE);
1
Wit
If ((worldlw)[11[h].type -- CLEAR)
is ((world|wj(lj[h].trom == cienr)
Il (dist < world(wl[11[hj.dist)))
1
new»build node(w, 1, h, left, dist);
if (new !- (MODE* INULL)
Insert node(new);
1
ﬁeturn {FA1_SE); —_—
Lnt check up(ctir)
NODE*cur
NODE™ now;
int w, h, 1i;
float dist;
w ™ (*cur).w;
1 * (“citr) .1;
ti « (ectir) .h;
dist = worid[w][11]hj.dist;
it [@orldlw) (11111) .cost [upl — BLOCKED)

I (world[w) 1] ¢hi.from =» down)

om, dist);



1! (world[wj [11[h+1]»type == ADtf TO OBJECT)

1] (world[w][1][h+1].type == OBJECT))
return(FALSE);

dist += world[w] [1][h]-cost[up];

if (world[w] [1][h+1]-type == GOAL)

if ((world[w] [1][h+1].from == clear)
1] (dist < world[w][1][h+1].dist))

trim = dist;
world[w][1][h+1].dist = trim;
world[w] [1][h+1]-from - down;
return(TRUE)?

else
return(FALSE);

h++;
If ((world Om [I}[h] .type — CLEAR)
Afi ((wortd vl j1] ] .f rom ** clear)
Il (dist < world[w][1](hi.dist)))
1
new=build__node (w, 1, h, down, dist);
if (new 1= (NODE*)NULL)
insert node(new);

return(FALSE);

vo Id dump world (1
int a,b,c, hor#vert;
for(c=0f hor=1; C<HEIGHT; C++, hor+=25)

gotoxy (hor,1);
printf("time=t+%d\n", c);
for(b=0, vert=2?b<LENGTH;b++, vert++)

gotoxy(hor, vert);
for(a-0;a<WIDTH;;a++)

switch(world[a][b][c].type)

case GOAL:

case START:

case ADJJTO_OBJECT:

case OBJECT:
printf("Ic”, world[a]l[b][c]-type);
break;

case CLEAR:
switch(world[a]l[b][c]-from)

case right:
printf("R™) }
break?

case left:
printf("L") ?
break;

case up:
printf("u");
break;

case down:
printf("D");
break?

case front:
printf("F");
break;

case back:
printfCB™) ;
break;

case backleft:
printf("T");
break;

case backright:
printf("u™);
break?

case frontleft:
printf("v")?



break;
case frontright:

printf("w");
break;
case clear:
default:
printfiH.n);
| break;
break;
default:
printf("%c”, world[a] [b] [c] -type) ;
break;
Srintf("\n");
ﬁrintf("\n\n");
int find_path()
NODE *cur;
int result=FALSE, goal__found=FALSE;
clrscrQ;
timer_init(Q;
timer_start(Q);
while (head 1= (NODE*)NULL)
timer_stop(Q);
dump_world QO
timer_start Q
cur = head;
result = check~line(cur);
if (result)
goal_found - TRUE;
mark_path{);
del_all_nodesQ ;
continue;
cur = head; /* ripple out from the new headl */
result = check_front(cur);
if (result)
goal_found = TRUE;
mark_pathQ;
del_all_nadesQ;
continue;
result = check_frontleft(cur);

if (result)

qoal_fotind - TRUE;
mark pathO *
delallL_nodes(Q;
continue;

result « check”left(cur);
if (result)

goal_found = TRUE;
mark_path();

del _nodesQ;
continue;

result = check_backleft(cur);
if (result)

goal_found = TRUE;
mark_pathQ;

del _nodesQ;
continue;

result = check_back(cur);
if (result)

goal found = TRUE;
mark path(Q);
del~all_nodesQ ;
continue;



1
result - check_backright(cur)
If (result)

goalfound » TRUE;
markpath Q ;
delall nodes!);
continue;

result - checkright(cur);
if (result)

goal_found - TRUE;
markpath Q;
del_all_nodes();
continue;

result - check_£rontright(cur);
if (result)

goalfound ™ TRUE;
raark~pathQ;

<iel a 11 nodes!);
continue;

result * check_up(cur);
if (result)

goalfound - TRUE;
markpath()i
del_all_nodes();
continue;

del_node(cur);

tiraerstop!);
duropworld!);
return(goal_found);

void markpath!)

static char path-"07;
int flag-FAl,SE;
int 1, w, h, 1, dist;

w = end.w;
1- end.l;
for(h-0; (h<HEIGHT) a (world(wl (@] (hj -dist— 0.0) ;h++)

end.h - h;
dist - world(w)(1)(h).dist;
for(i»dist; i>0; i- )

3witch(%frld(w)(l)(h|_from)

case front:
1++;
break;
case ri H
)
break;
case left:
W=
break;
case back:_
k)
break;
case frontriaht:
?
wt-F;
break;
case frontleft:

Ed
break;
case backright:
t—;
wh ;
break;
case baiklglt:
s



W= 3

break;
case down:

break;
default:

break;

|
if {(world{w]aza[h|.type !- START)
ss ((world(w((lj(h|.type < '0")
1 (noedw)ai(hltype > tee))

world(w]|1]|lh].type - path;
flag - TRUE;

it (flagl)
patht+;
if (path > "))

path - '0"

B.3. Standard Breadth First Graph Theory

The Standard Breadth First Search Algorithm Tor Graph Theory which was implemented as part of this
project was coded in ANSI C++. The filenames for each of the separate source codc files were supplied
inside C++ format comments (i.e. //) at the beginning of each file listing. A detailed explanation of the

design behind this program was presented in Chapter 4,

./ main.cpp

einclude <lostream.h>
(include <fstream.h>
~include Otdio. h>

iinclude <conio.h> Il for getchoO
~include <alloc.h> /s For coreleft 0
einclude <stdllb.h> Il for 1toal)
einclude otring.h> Il for strepy()

(include <sys\timeb.h>
einclude <dir.h>
sinclude <ctype.h>
-include ‘edge.hpp’
einclude "'vertex.hpp"
-include "object.hpp"'
«inelude "doma 1n .hpp™
(include "bench.hpp"

edefine HAPFILE MASK "MAP* DAT"

Int main(int, char**);

void BuildVertexListFromDomain(VertexLists, Ponwini);
int CalcRobotDir(VERTEX NoOttE*);

.~old FindAllEdues(VprtexLtst6, Domain«);

void MemStatiis(char*);

int SetWorkingDUlvold);

void KenameMapFile(char*);

int main(int argc, char*e argv)

char* shortN.vno;
struct ffblk mapiile;

for(;s) |

sliortName - strstr (argvoJ, "W ")
If (.thortName — (char*)NULL)

r.hortNaroe - argv(o];
cout « "This is " « shortKame « “\n";

break:

elscr

-le<jv (51 - shortName=t1



MemStatus(“Free memory before mainloop in main: ™) ;
if (!SetWorkingDirl]))

cout « "Program exiting gracefully\n";
return(l);

if (findfirst(MAPFILE MASK, imapfile, 0))

cout « "Program exiting gracefully - no map files found\n™;
return(l);

do I
char tmp(256);
Int i;
Benchmark stopwatch(shortName);

sprintf(tmp, "Starting on %s: ", mapfile.ff_name);
MemStatus(tmp);
for (1-0; KNUMTIMES; i++)

int flag, timeTaken;
float distTravelled;
Domain theWorld(0, 20, 20, mapflie.ff_name);

timeTaken - O0;

distTravelled - 0.0;
stopwatch.lterStartfi, mapfile.ff_name);
stopwatch.ClickO;

for(s)

VertexList vertList;

BuildVertexListFromDomain(vertLi3t, theWorld);
FindAllEdge3(vertList, theWorld);
stopwatch.Click(Q;
theWorld.DrawDoma in Q;
stopwatch.ClickO ;
flag - vertList.FindPathoO ;
stopwatch.Click<);
if (flag — TRUE)

cout « "Path found the GOAL!\n”;
else

cout « "No path found to GOAL!\n";

if (flagl)
VERTEXNODF. tl, *t2;

tl - vertList.GetStartVertexO
if (tl 1- (VERTEX_NODE*)NULL)

t2 - tl->pathTo;
if (2 I!— (VERTEX_NODE*)NULL)

If ((tl->w — t2->w)
it (t1->1 - t2->1)
a (tz—inodeType GOAL))

cout « “MADE IT TO THE GOALi\n";
break;

distTravelled f- theWorld.MoveRobot(tl->t, tl->w,

t2->t, t2->w, t2->1);

theWorld.AdvaneeTiineO ;
timeTaken**;

stopwatch.rterStopftimeTaken, distTravelled);

stopwatch.LogCalea(Q;
RenameMapFile(mapflle.ff name);
break;

while (!findnext(«mapflie));

MemStatus("Free memory after malnloop in main: ");
ret.urn(0);
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void BuildVertexListFromDomainfVertexList «vList, Domain
char type;
int t*domain.GetDomainTimeSllces(Q ., a;
int wdomain.GetDomainWidth O, b;
int 1-domain.GetDomainLength(), r.i
VERTEX_NODE“newPtr;
for(a«0; a<t; a++)

tor(b">0; b<w; b++)

for(c-0;, c<l; C++)

jdomain)

type - domain.GetPointType(a, b, c);
if ((type — VERTEX)
11 (type — START)
11 (type— GOAL))
1
newPtr - vList.BuildNewVertex(a, b< c,

viList.InsertNewVertex(newPtr);

void FindAllEdges(VertexList «vList, Domainidomain)

EDGENODE ’e;
VERTEX_HODF.*a, *b;
float dist;

ior(a - vliist.GetFirstVertex(Q;

a !~ (VF.RTEXNODE*) NULL;

1 = viList.GetNextVertex(a))

for(b - viList.GetNextVertex(a)
b 1- (VERTEX_NODE*“)NULL;
b - vl.i3t.GetNextVertex(b))

If (a - b)
continue;
if ((a->t — b->t)
14 (a->w — b->w)
<s (a->I - b->U)
continue;
dist - domain.ChecfcLine(a->t, a->w, a->I, b->t, b->w,

If (dist > 0.0)
1
e - a->edgel.ist-""BuildNewEdge(b->t,
a->ednelList->InsertNewEdge(e!;

dist - domain.ClieckLine(b->t, b->w, b->I,
it (distl >0.0)

b->w, b->1,

a->t( a->w,

e - b->i>dgeList->BuildNewEdge(a->t/ a->w, a->1,

b-">daeList->InsertNewEdqge(e)

void MemStatuslchar “StatusMessage)

char tmp(256];
f.-stream dobugFile;
long MemLeft;

debugF1le open (" DF.11UG.1.0G", 1i0S: :app) ;
if (idebugFile)

cout « “Unable to open DEBUG.UXAn";
MemLeft - (longq) coreleftO;
>printf (Imp,  "%3%1d\n", PtatusMessaae, MemLeft);
letHigFi le.wi ite(t.mp, strlen(tmp));
debugFilo.close!) ;

type);

dist);

a->1) ;

dist);



1/ cout « StatusMessage « MemLeft « "\n"

int SetWorkingDirO
char mapdir(256);

cout «"Enter the directory containing map files, or \"g\" for quit:";
cin » mapdir;
if (toquer(mapdir|0|) =» "Q")

cout « "Quitting \n";
return(FALSE);

if (chdir(mapdir))

cout « "The directory " « mapdir « ™ could not be found.\n";
return(FALSE);

cout « "Made " « mapdir « ” the current directory.\n”:
return(TRUE);

void RenameMapFile(char“filename)

char newfilename(128);
char* ch;
int i-(int)”.

atrcpylnev/filename, filename);
ch - strrchr(newfilename,i);
if (ch 1- (char*)NULL)

strcpy(ch, ”.bak™);
renamelfilename, newfilename)

else
exit (1)

// bench.hpp

<define FALSE 0
(define TRUE jFALSE
»define NUMTIMES 10
(define MAXFJLENAMF. 13

class Benchmark

public:
Benchmarkfchar*);
-BenchmarkQ ;
void Click(void);
void lterstart(int, char*);
void tterStop(int, float);
void LogCalcs(void);
private:
void Diff(struct timeb*, struct timeb*, struct timeb*);

fstream logFile;

f3tream avaFlle;

char mapFileName(MAXFILENAME) ;

struct timeb benchmarks(NUMTIMES) (?) ;

float distRobotfravelled(NUMTIMES);

int timoTaken|NUMTIMES];

int currentlter;

int clickToqgleFlaq;

3truct timeb elapsedTime, computeTime;

struct timeb startTime, clickOnTime, clickOffTime;

Il bench.cpp

(include <iostream.lt>
(include <fstream.lt>
(include <stdlo.h>

(include <alloc.h> Il for coreleft 0
(include <stdlib.h> // for itoa
(include <string.li> // (or strcpyO

(include <sy3\timeb. It>
(include "bench.hpp™

Benchmark : :Benchmark (citar =l IInName)



char "tmp;
cliar logname jMAXFILENAME];

while!(tmp » strchr(fileName, “W*M 1I- (char*)NULL)
fileName “ tmp+1;

strcpy(logname, filoName);

if ((tmp- strchr(logname, ")) 7 (char“)HULL)
atrcpy(tmp, ".LOG™);

el3e
strcat(logname, "_.LOG");

logFile.open(logname, 1los::app);

it QlogFile)

cout « "Unable to open " « logname « "\n";
if ((tmp » atrchr (logname, ~.7)) 1- (char *)NULL]
@ strcpy(tmp, “.avg”);

strcat(logname, ".AVG");

avgFile.open (logname, 1loss :app) ;
if (javgFile)
cout « "Unable to open " « logname « "\n";

cout « "Initialised Benchmark classSn";

Benchmark::"Benchmark{
if (Iogl—ii le)

logFile. flush Q ;
logFile.closet);

if (avgFile)

avgFile:._flush!)
avgFile.closed

cout « "Closed log files and Destroying Benchmark class\n”;

void Benchmark::Click(Q
swi tch (r ie kTogg leF lag)
case TRUE:

ftime(eclickOtlITime) ;
clickTogglefiag m FALSE;

break;
case FAl.se:
default:
ftimelielickOffTim»);
Diff Uc ckOnTime, tlckOffTime, «computeTime);

cl i<kTogg leFlag - TE"E)

void Benchmark::Diff(struct timeb"start, struct timeb’stop, struct timeb*diff)
ix ((‘Stlop)_mlllitm < (“start}.mil litm)

(“stop).mi 11litm *~ (short)1000; w/e¢ entry when subtracting, 3tops*/

f‘start) -time i- U.; ®* negative wraparound problems!*/
Cdiff) .mill 1tm (“stop) -miHi tm - [“start) .mi 1litm;
(*diff)._time (long) ((*dIff) _millitm / (short)1000);
Cdiff) .mi llitm I- (short)1000;

fdiff) .time t- ((“stop).time-(“start).time);

void Benchmark::ttecStart(int i, char~s)
currentlter - i;
ciickToggleFlag - TRUE;
computeTime.time m elapsedTime.time < OL;
computeTime.mil litm - elapsedTime.mi 111 tm - O;

strcpy(mapFileName, -0 ;

rtimeHstartTime);
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void Benchmark::lIterStop(int t,

)

struct timeb stopTime;

ftime(fistopTime);

float distTravelled)

Diff(SstartTime, TfistopTime, ¢elapsedTime);

benchmarks[currentiter][0].time = elapsedTime.time;
benchmarks[currentlterj [0] 1litm = elapsedTime.millitm;
benchmarks[currentlter][1].time = computeTime.time;
benchmarks[currentlter][1].millitm = computeTime,millitm;
timeTaken[currentlter] = t;
distRobotTravelled[currentlter] = distTravelled;

void Benchmark::LogCalcsQ

/7

char tmp[256];

float avgDist;
struct timeb avg;
int i, avgTimeTaken;

for(i=0, avg.time=0L, avg.millitm=0, avgDist”Q.O,

i<NUMTIMES;

i++)

\

avgTimeTaken=0;

sprintf(tmp,

sprintf(tmp,

sprintf(tmp,

“%s (%02d) Elapsed time:%051d.%03d\n", mapFileName,

benchmarks[i][0].time, benchmarks[i]J[O].millitm);
logFile.write(tmp, strlen(tmp));
“%s (%02d) Compute time:%051d.%03d\n", mapFileName,

benchmarks[i][1]-time, benchmarks[i]J[1]-millitm);
logFilewrite(tmp, strlen(tmp));
"%s (%02d) Dist travelled:%f\n", mapFileName, i,

distRobotTravelled[i]);

logFile.write(tmp, strlen(tmp));
“%s (%02d) Time Slices Taken:%d\n", mapFileName, 1,

sprintf(trap,

timeTaken[i]);

logFile.write(tmp, strlen(tmp));
avg.time+=benchmarks[i][0]-time;

avg.m

litm+=
if (avg.millitm % 1000 !~ avg.m

benchmarks[i][0]- itm;

itm)

avg.time += (long) (avg.millitm / (short)1000);
avg.millitm %= (short)1000;

)

sprintf(tmp, "%s Tot. Elapsed time:%051d.%03d\n", mapFileName,
logFile.write(tmp, strlen(tmp));

cout « avg.time «
cout « tmp  « “\n";

i = (int) (avg.time

.M« avg.millitm o« "\n";

% (1ong)NUMTIMES);

avg. time /= (long)NUMTIMES;

avg.mi
avg.mi

itm += i1 * 1000;
itm /- NUMTIMES;

sprintf(tmp, “%s Avg. Elapsed time:%J51d.%03d\n", mapFileName,

avaFile.write(tmp, strlen(tmp));
sprintf(tmp, "%s Avg. Elapsed time:%051d.%03d\n", mapFileName,
logFile.write(tmp, strlen(tmp))

for(i-0, avg.time=0L, avg.millitm=0; KNUMTIMES; i++)

avg.time+=benchmarks[i][1).time;

avg.millitm+=

benchmarks[i][1]-millitm;

if (avg.millitm % 1000 != avg.millitm)

avg.time += (long) (avg.millitm / (short)1000);
avg.millitm %= (short)1000;

sprintf(tmp, s Tot. Compute time:%051d.%03d\n", mapFileName,
logFile.write(tmp, strlen(tmp))

i - (int) (avg-time % (long)NUMTIMES);

avg.time /« (long)NUMTIMES;

avg.mi

litm i * 1000;

avg.millitm /« NUMTIMES;

avg.time,

avg.time,

avg.time,

avg.time,

avg.millitm);

avg.millitm);

avg.millitm);

avg.millitm);



sprintf(tmp,
avgFile.write(tmp,
sprintf(tmp, "%s Avg.
logFile.write(tmp, strlen(tm

s Avg.
strlen(tm
//

for(i=0, avgTimeTaken=0;

P));
P));

I<NUMTIMES;

avgTimeTaken+=timeTaken[i]

avgTimeTaken -
sprintf (tmp, T%s Avg.
avgFile.write(tmp, strlen(tm
logFile.write(tmp, strlen(tm
for (i=0, I<NUMT

avgDist +=
avgDist =
sprintf(tmp,
avgFile.write(tmp,
logFile.write(tmp,

avgDist=0.0;

“%s Avg.
strlen(tm
strlen(tm

sprintf (tmp, "%s

avgFile.write(tmp,
sprintf (tmp, "%s
logFile.write(tmp,

strlen(tm
=»— * o=

strilen(tm

//

«=

// domain.hpp
lIdefine FALSE O
Idefine TRUE I!FALSE

GOAL
START *°s*

OBJECT *“X*
ADJJTO_OBJECT ’x*
MOBILEJDBJECT *M*
CLEAR T .*

VERTEX fv*©

Idefine "G
«define
Idefine
»define
Idefine
Idefine

«define

BITMASK TOP (int)0x08
BITMASK~LEFT (int)0x04
BITMASK_BOTTOM (int)0x02
BITMASKJUGHT (int)0x01
BITMASKJZLEAR (int)0x00

idefine
#define
«define
Idefine
¢cdefine

FROMFRONT 0
FROM_BACK 1

FROM LEFT 2
FROMRIGHT 3
FROMFRONTRIGHT 4
FROMAMFRQNTLEFT
FROMBACKRIGMT 6
FROM_BACKLECT 7
FROM_UP 8
FROMJDOWN 9
FROM_NOWINIERE 10

Idefine
Idefine
lidefine
Idefine
IKefine
Idefine
«define
«define
«define
#define
Idefine

NOCOST (float)0.0
NORMAL (float)1.0

NORMAL DIAG (float)1.414214
BLOCKED (float)1000.0

«define
Idefine
Idefine
Idefine

typedef struct
1
float dist;
int from;
char type;
float cost[9] ;
I POINT;

class Domain
1
public:
Domain(int, int, int,
-+Domain Q ;
void AdvanceTime(void
float CheckLine(int, int,
void DrawDomain(void)
int GetDomainLength(void)
int GetDomainTimeSlices(void)
int GetDomainWidth(void)
POINT* GetPoint(int,
float GetPointCost(int, int,
char GetPointFrom(int,
char GetPointType{int,
int IsPointClear(int,

int,

P));
P));

IMES;

P));
p));

p));

P));

avgTimeTaken / NUMTIMES;
Time Taken:%d\nn, mapFileName,

i++)

distRobotTravelled[i]:
avgDist / ((float)NUMTIMES);
Dist Travelled:IfXn",

\n",

char*);

)

int,

int,

Compute time:%051d.%03d\n",

Compute time:%051d.%03d\n",

i++)

mapFileName,

mapFileName,

mapFileName,

mapFileName);

mapFileName);

int);

[ return(domainLength);

I return(domainTimeSlices) ;

int,
int,
int,
int,
int,

int);
int);
int);
int);
int)?

return(domainWidth); }

1

avg.time,

avg.time,

avgTimeTaken);

avgDist);

avg.-millitm)?

avg.millitm);



int

pr

int

int
int
int

)

// domain
#include
~include
~include
~include
finclude
~include
finclude
~include
~include

Domain::D

nt IsPointGoal(int, int, int);

int IsPointNearObject(int, int, int);

int IsPointObject(int, int, int);

int IsPointStart(int, int, int);
IsPointVertex(int, int, int);

float MoveRobot(int, int, int, int, int, int);

void SetPointFrom(int, int, int, int);

void SetPointType(int, int, int, char);

ivate:

void AgeTimeSlices(void);
CalcRobotDir(int, int, int, int, int, int);

int ClearAdjPointOK(int, int, int);

void ClearMobileObject(int, int, int);

void ClearVerticesInTimeSlice(int);

void DrawTimeSlice(int);

void InitTimeSlice(int);

void MarkMobileObject(int, int, int);

void MoveMo eObject(OBJECT_NODE*);

void MoveMobileObjects(void);

void SetAdjObjsInTimeSlice(int);

void SetGoalFromFile(char*);

void SetMobileObjsFromFile(char*);

void SetPermObjsInTimeSlice(int);

void SetStartFromFile(char*);

void SetVerticesInTimeSlice(int);

ObjectList objList;

POINT** domainHead;
domainWidth;
domainLength;
domainTimeSlices;

.cpp
<iostream.h>

<fstream.h>

<alloc.h> // for coreleft(Q
<stdio.h>

<stdlib.h> // for itoa()
<string.h> // for strcpy(Q

<conio.h>
“object.hppn
“domain.hpp"

omain(int numTimeSlices, int width, int length, char*mapFileName)

int i;

cout << "Ccntructing Domain class\n";

do
do
do

mainTimeSlices = numTimeSlices;
mainWidth = width;
mainLength = length;

cout « “"FreeHeap:1l « farcoreleft Q << "\n";

cout « "Amount needed for one timeslice
cout « width*length*sizeof(POINT) « "\n

do
if

fo

mainHead = {POINT**) farcalloc (numTimeSlices, sizeof(POINT**))
(domziinHead =» (POINT**)NULL)
cout « "Not enough memory to build model of world\n";
domainHead = (POINT***)NULL;
domainTimeSlices = domainWidth -m domainLength =0;
return;

r{i=0;_ i<numTimeSlices; i++)
omainHead[i] = (POINT*)farcalloc(width*length, sizeof(POINT));
cout « "FreeHeap after timeslice allocated:" << farcoreleftQ « "\n”?
if (domainHead[i] == (POINT*)NULL)
if (i-=0)
cout « “Not enough memory to build model of worldNn";
else
cout << "Only enough memory to build " « i « " of the 7;
cout « numTimeSlices « " timeslices in model of world\n";
domainTimeSlices = i;

break;

InitTimeSlice(i);
SetPecmObjsInTimeSlice(i);

SetStartFromFile(mapFileName);



SetGoalFromFilo(mapFiloName);
SetMobileObjsFromFile(mapFileName);
for(i-0; KdomainTimeSlices; i++)

SetAdjObjsInTimeSlice(i);
SetVerticesInTimeSlicell);

ford-0; KdomainTimeSlices-1; 1++1
AdvanceTlImeO;
cout « "FreeHeap after Domain allocated:" « farcoreleft!) << "\n";

Domai :-Domain 0

POINT *tmp;

int i;

cout « “Destructing Domain classNn™;

if (domainHead - (POINT**)NULL)
cout « “Not freeing domain - DomainHead was NULL\n™;
return;

for(1-0; KdomainTimeSlices; iff)

tmp - domalnllead li];
Earfree(tmp);

farfree(domainHead);

domainHead - (POINT**)NULL;
cout « “"FreeHeap after Domain deallocated:" « farcoreleft!) « "\n";
1 ietch O:

void Domain::AdvanceTimel)

AgeT imeSlices Q;

11 DrawDomainQ;
ClearVerticr>sInT ImeSlice (domainT imeSlices-1) ;
MoveMobileObjects!);

// DrawDomain!);
SetVerticosInTimeSlice(domalnTimeSlices-1);

11 DrawDomainQ;

PLIUTTLLE et

/

/ Copy the contents of every timeslice
// into the previous timeslice

1 10) - 11, (@) - 12|, etc.
Il Leave the la3t timeslice unchanged.
// Another routine will decide the moves

7} for all the mobile objects.

Il A quick way to do this 1Is moving ptrs

II to the timesiicos and only copying the
contents of the last timeslice over the
contents of the fir3t timeslice

HIIIIIIIIIIII/IIItI/II/IIII/II/IIIIII

void Domai n::AaeTimeSlicesQ

int i, j;
POINT *tmp;

tmp « doma inllead 10 1;
Ebr(i-0, j»I; KdomainTimeSl ices-1; i*t, jit)
doma lnllead[i) - domainHead!
domainllead|domainTimeSHces-1] - tmp;
_fmemcpy(domainHead(domainTimeSlices-1],
doma inllead Idoma inTImeS lices-21,
sizeof(“domainHead(doma inTimeSlices-1]));

int Domain::CalcRobotDir(int St, int sw, int Si, int el, int ew, int el)

if ((il3PointSt.art(sl, aw, si))
Il (IsPointGoal (st, -sw, si)))
iel,um(olear)



if ((ew - sw > 0)
&& (el - si > 0))
|

sw++, sl++;

if ((IsPointClear(st,

sw, si))
Il (IsPointVertex(st, sw, si))
Il (IsPointGoal(st, sw, si)))
return(frontright);
else
} return(clear);
if ((ew - sw > 0)
&& (el - si == 0))
SW++;

if ((IsPointClear(st,

sw, si))
I (IsPointVertex(st, sw, si))
Il (isPointGoal(st, sw, si)))
return(right);
else
} return(clear);
if ((ew - sw > 0)
&& (el - si < 0))
SW++, si—- ;
if ((IsPointClear(st, sw, si))
Il (IsPointVertex(st, sw, si))
Il (IsPointGoal(st, sw, si)))
return(backright);
else
) return(clear) ;
if ((ew - sw =— 0)
&& (el - si > 0))
1
sl++?

if ((IsPointClear(st,

sw, si))
Il (IsPointVertex(st, sw, si))
Il (IsPointGoal(st, sw, si)))
return(front);
else
} return(clear);
if ((ew - sw == 0) // silly, but just in case
&& (el —(Si == 0))
Ijeturn(clear);
if ((ew - SW — 0)
&& (el - si < 0))
s[i— H
if ((IsPointClear(st, sw, si))
Il (IsPointVertex(st, sw, si))
[ (IsPointGoal(st, sw, si)))
return(back) ;
else
| réturn(clear);

if ((ew - sw < 0)

fii (el - si > 0))
sw— , sl++;

if ((IsPointClear(st,
Il (IsPointVertex(st,
1l (@sPointGoal(st,

sw, si))

sw, si))

sw, si)))
return(frontleft) ;
else
| return(clear);

if ((ew - sw < 0)

Si (el - si
1

sw— 5

== oy

if ((IsPointClear(st, sw, si))



Il (1sPointVertex(st, sw, si))
M (IsPointGoal(st, sw, si)))
return(left);

else

¥

if ((ew - sw < 0)
66 (el - si < 0))

return(clear)?

sw— , Ssi-— ;

if ((IsPointClear(st, sw, si))

[ (1sPointVertex(st, sw, si))

Il (IsPointGoal(st, sw, si)))
return(backleft);

else

1

return(clear) ;

return(clear);

float Domain::CheckLine(int st, int sw, int si, int et, int ew, int el)
1

// static int displayCounter=1;
int tmpt, tmpw, tmpl;
float dist;

for(dist=0.0, tmpt=et-st, tmpw=ew-sw, tmpl=el-sl;
(tmpt J= 0) || (tmpw i= 0) || (tmpl 1= 0) ;
tmpt=et-st, tmpw=ew-sw, tmpl=el-sl)

i (tmpt. < 0)
return(-1.0);

if ((tmpw > 0)
ss (tmplI > 0))

dist += GetPointCost(st, sw++, sl++, frontright);
if ((JIsPointClear(st, sw, si))
66 ((st !=et) || (sw != ew) |[ (si i= el)))
return(-1.0)?
continue?

if ((empw > 0)
&4  (tmpl_== 0))

dist += GetPointCost(st, sw++, si, right);
if (('lIsPointClear(st, sw, si))
66 ({st i=et) Il (sw !'= ew) || (si != el)))
return(-1.0);
continue;

if ((tmpw > 0)
66 (tmpl_< 0))

dist += GetPointCost(st, swt+, si- , backright);
if ((ilsPointClear(st, sw, si))
66 ((st !=et) I (sw !- ew) || (si != el)))

return(-1.0);
continue;

if ((tmpw < 0)
66 (tmpl_> 0))

dist += GetPointCost(st, sw- , sl++, frontleft);
if ((!lsPointClear(st, sw, si))
66 ((st != et) 1 (sw ew) Il (si 1» el)))

return(-1.0);
continue;

if ((tmpw < 0)
66 (tmpl == 0))
1

dist += GetPointCost(st, sw- , si, left);
if ((!1sPointClear(st, sw, si))
66 ((st 1= et) || (sw != ew) I (si !« el)))
return(-1.0);
continue;

if ((tmpw < 0)
66 (tmpl < 0))



|
dist +m GetPointCost (st, sw— , si—- , backleft);
if ((:1sPointClear(st, 3w, si})
st ([st 1= et} I (sw !- ew) Il (si I- el))}
return(-1.0);

1

If {(tmpw — 0}
st (tmpl > 0))
1
dist *m GetPointCost (st, sw, sl++, front);
if t(llsPointClear(st, sw, si))
it ((st 1» et) 11 (sw !I- ew) || (3I 1- el)))
return(-1.0);

continue;

continue;

if {(tmpw - 0)
it (tmpl < 0))
1
dist +- CJetPolntCost (st, sw, si- , back);
If ((lisPointClear (st, sw, si.)}
if ((st I» et) 11 (sw !» ew) Il (si e}
return(-1.0);
continue;
1
If ((tmpw — 0)
st (tmpl 7 0)
st {tmpt >0)) |
dist += GetPointCost(st++, sw, si, up)!
if ((ilsPointClear(st, sw, si))
ss ((st et) I (sw !=ew) Il (si 1"el))}
return{-1.0);
continue;
1
1
// cout << "Gheekl,ina:" << displayeountert+ « returned” « dist « “\n";
return (dist);
1

int Domain: :ClearAdjPointOti(int t, int W, int 1)

char type;
Int a,b;

for(a*w-l1;a<»w+l jaMm)
if ((a@a <01 11 (a >- domainWidth})
continue;

for Ib-1-1;b<-1+1;b++)

if ((b <0 1N (b >- domainLength))
continue;

if {(a= wy ¢ (b D}
continue;

type = GetPointType(t, a, b);

If ((type - OBJECT)

Il (type — MOBILE OBJECT)!

| return(FALSE);

1
Setu rn {TRUE) ;

void Domain: :ClearMobileablect(int t, int w, int 1)
int i, j;
if [GetPointType(t, w, 1) — MOBILEJM.JKCT)
if (ClearAd jPointOKtt, w, 1))

SetPointTyped , 1, CLEAR) ;
15etPointFrom(t, w, 1, FROM Nt.MIIERE) ;

=

else |
SetPoinLType(t, w,
SetPoiiltFrom(t, w.

[

., ADJ TO OBJECT) i
., FROM NOWHERE) ;
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for(i=w-1, j-1-1; j<I+2;)

if ((GetPointType(t, i, j) == ADJ_TO_OBJECT)
&& (ClearAdjPointOK(t, i, j)))

SetPointType(t, i, j, CLEAR);
SetPointFrom{t, i, j, FROM_NOWHERE);

else

void Domain::ClearVerticesInTimeSlice(int t)
int w, 1;
for(w=0; w<domainWidth; w++)
for (1=0; KdomainLength; 1++)
if (GetPointType(t# w, 1) — VERTEX)
SetPointFrom(t, w, 1, FROM_NOWHERE);
SetPointType(tr w, 1, CLEAR);
continue;
if (GetPointType(t, w, 1) — MOBILE_OBJECT)

ClearMobileObject(t, w, 1);

(-

for (i-0; i< domainTimeSlices; i++)

DrawTimeSLice(iJ;
// %?tch();

void Domain::DrawTimeSlice(int timeslice)
t
char type;
int a, b,y;

clrscrQ;
gotoxy(1l,1);
cout « LHStime=t+”7 « timeSlice;

fo,—(b:o,I y=2;b<domainLength; b++, y++)

gotoxy(l, y)?
for(a=0; a<domainWidth; a++)

type = GetPointType(timeslice, a, b);
switch(type)

case GOAL:
case START:
case ADJ_TO_OBJECT:
case OBJECT:
case MOBILE_OBJECT:
case VERTEX:
cout « type;
break;
case CLEAR:
switch(GetPointFrom(timeSlice,
f
case FROMRIGHT:
cout « "R";

a

b))



break;

case FROMLEFT:
cout « B
break;

case FROMUP:
cout « 13T
break;

case FROM DOWN:
cout « "D";
break;

case FROMFRONT:
cout « "F";
break;

case FROM BACK:
cout « "B ;
break;

case FROMBACKLEFT:
cout « B
break;

case FROMABACKRIGHT:
cout « U
break;

case FROMFRONTLEET:
cout « VT
break;

case FROMFRONTRIGHT:
cout « W
break;

case FROM NOWHERE:

default:
cout «
break;

break;
default:

cout «

break;

cout « “"\n";

POINT* Domain::GetPOint(int timeSli.ce, Int width, int length)

1
POINT “trap, *tmp2;

tmp - domainHeadltimeSlicel;
tmp2 tmp + (domainWidth*width) * length;
return(tmp2);

float Domain::GetPolntCost(int timeslice, int width, int length, int dir)

1
POINT *tmp;

tmp - GetPoint (timeslice., width, length);
return(tmp->cost Idir));

char Domain::GetPointFrom(int timeslice, int width, int length)

1
POINT *tmp;

tmp = GetPoint{timeslice, width, lengtKF;
return{tmp->from);

char Domain::GetPointType(int timeslice, int width, int length)

1
POINT *tmp;

tmp - GetPoint(times lice, width, length);
return(tmp->type);

void Domain::lnitTimeSlice(Int timeslice)

FOENT*tmp;
int a,b;



for(a=0;a<domainWidth;a++)
for (b=9;b<domainLength ;b++)

tmp = GetPoint(timeslice, a, b);
tmp->dist=0.0;
tmp->from=FROM_NOWHERE;
tmp->type=CLEAR;

if (timeSlice == domainTimeSlices-1)
tmp->cost[FROM_UP] = BLOCKED;
else
tmp->cost[FROM_UP] = NORMAL;

if ((a =- 0) & (b == 0))

tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = BLOCKED;
tmp->cost[FROM_BACK] = BLOCKED;
tmp->cost[FROM_BACKLEFT] = BLOCKED;
tmp->cost[FROM_LEFT] = BLOCKED;
tmp->cost[FROMFRONTLEFT] = BLOCKED;
tmp->cost[FROM_FRONT] = NORMAL;
continue;

if ((@== 0) s& (b < domainLength-1))

tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_BACK] = NORMAL;
tmp->cost(FROM_BACKLEFT] = BLOCKED;
tmp->cost[FROM_LEFT] - BLOCKED;
tmp->COst[FROMFRONTLEFT] = BLOCKED;
tmp->cost[FROM_FRONT] = NORMAL;
continue;

if ((a T_ 0) ss (b==domainLength-1))
tmp->cost[FROMFRONTRIGHT] = BLOCKED;
tmp->cost[FROMRIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_BACK] = NORMAL;
tmp->cost[FROMBACKLEFT] = BLOCKED;
tmp->cost[FROM_LEFT] = BLOCKED;
tmp->cost[FROMFRONTLEFT] = BLOCKED;
tmp->cost[FROM_FRONT] = BLOCKED;
continue;

if ((a < domainWidth-1) (b == 0))

tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = BLOCKED;
tmp->cost[FROM BACK] = BLOCKED;
tmp->cost[FROM_BACKLEFT] « BLOCKED;
tmp->cost[FROM_LEFT] = NORMAL;
tmp->cos t [FROM_FRONTLEFT] = NORMAL_DIAG;
tmp-"-:ost [FROM_FRONT] = NORMAL;

continue;

if ((a < domainLength-1) && (b < domainWidth-1))

tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost [FROM BACK] = NORMAL;
tmp->cost[FROM_BACKLEFT] = NORMAL_DIAG;
tmp->cost [FROM__LEFT] - NORMAL;
tmp->cost[FROM_FRONTLEFT] = NORMAL_DIAG;
tmp->cost[FROMAFRONT] = NORMAL;

continue;
if ((@a < domainWidth-1) && (b == domainLength-1))

t.mp->cost [FROM_FRONTRIGHT] = BLOCKED;
tmp->cost[FROMRIGHT] - NORMAL;
tmp->cost[FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->COSt[FROM_BACK] = NORMAL;
tmp->cost(FROM_BACKLEFT] = NORMAL_DIAG;
tmp->Ccost[FROMLEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFTJ = BLOCKED;
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tmp->COSt(FROM_FRONT] - BLOCKED;
continue;

if ((a i domainwWidth-1) ii (b - 0))
t:mp->cost(FROM_FRONTRIGIIT) - BLOCKED;
tmp->cost(FROM_RIGHT] « BLOCKED;
tmp->cost[FROM_BACKRIGHT) - BLOCKED;
tmp->cost[FROM_BACK] " BLOCKED;
tmp->cost(FROM_BACKLEFT) - BLOCKED;
tmp->co3t(FROM_LEFT|] - NORMAL;
tmp->cO3t(FROM_FRONTLEFT) - NORMAL_DIAG;
tmp->COSt|FROM_FRONT| - NORMAL;
continue;

if ((a—I domainWidth-1) «< (b < domainWidth-1))

tmp->cost|FROM_FRONTRIGHT] - BLOCKED;
tmp->cost(FROM_RIGHT] - BLOCKED;
tmp->cost(FROM_BACKRIGIIT) - BLOCKED;
tmp->eost IFROM_BACK] - NORMAL;
tmp->cost|FR.OM_BACKLEFTI - NORMALDIAG;
tmp->cost|FROM_LEFT|] - NORMAL;
tmp->cost(FROM_FRONTLEFT|] - NORMALJ3I1AG;
trap->cost(FROM_FRONT] - NORMAL;

continue;
if ((a I domainLength-1) ii (b - domalnWidth-1))

tmp->cost|FPi>M_FRONTRIGHTI » BLOCKED;

tmp->cost[FROM_RIGHT] - BLOCKED;
1:mp->c:03t [FROM BACKRIGHT) * BLOCKED;
trap->costlFROMBACK) - NORMAL;
tmp->cost (FROM RACKI.EFT) - NORMAL_DIAG;
tmp->cost [FROM LEFT] - NORMAL;
tmp->cost [FROM FRONTLEFT) - BLOCKED;
tmp->cost[FROM_FRONT) - BLOCKED;

continue;
1

int Domai

I

i w < 01

il §'<g

1 <t < 0)

Il (w >- domainWidth)

11 (1 >a domainLength)

Il (t >- domainTimeSlices))
return(FALSE);

switch(GetFointTypeft, w, 1))

c:lsPointClear(int t, int w, int 1)

case CLEAR:
return(TRUE);

default:

I return(FALSE);

int Domain::IsPointGoal(int I, int w, int 1)
|f w<
I <
1 (< 0
n di-mainWidth)

Il (1 >- domainLength)

Il (t >- domainTimeSlices))
return(FALSE);

switch(GetPointType(t, w, 1))

case GOAL:
return(TRUE);

default:
return(FALSE);
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int DomainlsPointNearObject(inb t, int w, int 1)

if w < 0)

il {'<0

1 (t< o0

Il (w >= domainWidth)

Il (1 >= domainLength)

Il (t >= domainTimeSlices))
return(TRUE);

switch(GetPointType(t, w, 1))

case OBJECT:
return(OBJECT);
case MOBILE__OBJECT:
return(MOBILENOBJECT);
case ADJ_TO_OBJECT;
return(ADJ_TO_OBJECT);
default:
1 return(FALSE);

int Domain::IsPointObject(int t, int w, int 1)

if ((w < 0)
il {'<9
1 (t < 0)

11 (w >= domainWidth)

Il (@ >= domainLength)

Il (£t >= domainTimeSlices))
return(TRUE);

switch(GetPointType(t, w, 1))

case OBJECT:
return(OBJECT)i
case MOBILE_OBJECT:
return(MOBILEJDBJECT);
case ADJ_JTO_OBJECT:
default:
} return(FALSE);

int Domain::IsPointStart(int t, int w, int 1)

if w < O

| <o

1 (t < 0)

Il (w >= domainWidth)

I (@ >= domainLength)

I (t >= domainTimeSlices))
return(FALSE);

switch(GetPointType(t, w, 1))

case START:
return(TRUE);

default:

) return(FALSE);

int Domain::IsPointVertex(int t, int w, int 1)

<

1T w < 0

i {'<q’

I (t < 0)

Ij (w >= domainWidth)

Il (1 >= domainLength)

I1 (t >= domainTimeSlices))
return(FALSE);

switch(GetPointType(t, w, 1))

case VERTEX:
return(TRUE);

default:
return(FALSE)?



void Domain::MarkMoblI~Object(int I, int w, Int U

int i, j;
it ([GetPointTypett, w, 1) — CLEAR)

" (GetFl’ointTypeIt, w, 1) — ADJ_TO_OBJF.CT))

SetPolntTypeft, w, 1, MOBILE_OBJECT);
SetPointFrom<t, », 1, FFtOM NOWHERE) ;

ior(i~ Fri-l; j<i+2;>

if (GetP?intType(t, i, j) — CLEAR)

SetPointType(t, i, j, ADJ_TO_OB.JECT)
SetPointFrom(t, i, j, FROM NOWHERJE) ;

if (i - w+l)
t
o w-1;
5

else

vo id Doroa i :MoveMob il©6Object (OBJECTNODE *obj ect)

1
int t-domainTimcSlice3-1, w* (“object) .w, 1={“object) .1;

ClearMobileObject(t, w, 1);
switch! (“object).direction)
1
case front:
if (IsPointObjeetlt, w, 1+1))
(“object).direction - randl) t NUM_DIRS;
else
(Cobject) .1 ft;
break!
case irontleft:
If (IsPointObjeetlt, w-1, 1+1))
(“object) .direction » randl) t NUM_DIRS;
else
(“object) .1++, (“object) .w—
break;
case left:
IT (IsPolntObject(t, w-1, 1))
(“object).direction * randl) % NUMDIRS;
else
(“object) .w— ;
break;
case backleft:
if (IsPointObjeetlt, w-1, 1I-11)
("object) .direction = randl) * NUM_DfRS;

else
(=object) .w— , (“object).1- ;>
break;
ea3e back:
if (IsPointObjeetlt, w, 1-1))

(=object) .direction - randO I NUMDIRS;
else
{“object! .L- ;
break:
case backright:
if (IsPointObject(t 1, 1-1))
1“object) .direction - randO % NW]_DIRS;
else
l“object).w*+, (‘object).1- ;
break;

case right:
if (IsPointObjeetlt, wtl, 1))
(=object) .direction - randO t MUM DIRS;
else
1"object) .wn ;
break;
ease Crontriaht:
If i13Poi ntCbjectlt, wil, Hi))
{“object) .direction - rand{) *“ NIfM_DIRS;
else
(“object),w<+, ("object).!1*(
break;
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default:
cout « ”*:» unknown direction for mobile object ignored *"*\n"";
break;

MarkMoblleObjectft, object->w, ob}ect->1);

void Domain::MoveMoblieOblects()
OBJECT_NODE*cur, ™*orig;

orig = cur = ob}Li3t.GetNextObject();

if (cur — {OBJECTNODE*)NULL)
return;
do

if ((*cur).velocity > 0)
MoveMobileObject(cur);

cur “ objList.GettlextObject () ;
| 1 while (cur != orig) ;

float Domain::MoveRobot(int st, int aw, int al, Int et, int ew, int el)

float dist = 0.0;
int dir;

if (lLlsPointStart(st, aw, 31))
return(dist);

dir ” CalcRobotDir(st, sw, Si, et, ew, el);
SetPointType (st, sw, 3],, CLEAR);

SetPointFromlst, sw, si, FROM N<JW>1ERE) 1
3witch(dir)

case fcontright:
dist - GetPointCost(st, sw, si, frontright);
3t++, sw++, sl++;
if ((!lIsPointClear(st, sw, si)>
it (!lsPointVertex(st, sw, si))
Si (!lsPointGoal(st, SW, si)))

st—, sw—, 31— ;
dist - 0.0;

break;
case right:
dist - GetPointCost(3t, sw, si, right);
St++, sw+t;
If ((!lsPointClear(3t, sw, 31))
it (!IsPointVertex(st, sw, si))
(* (iI3PIoinLGoaI(st, sw, si)))

st—, sw—;
dist ~ 0.0;

break;
case backright:

dist - GeU"olntCost(st, sw, si, backright);

st**, swt+, si— ;

if ((!'lsPointClear(3t, sw, i))
ii (!lIsPointVertex(s', sw, il()
it (ilsPointGoal(st, sw, si)))
st—, sw—, 3l++;
dist = 0.0;
break;
case frontleft:
dist - GetPointCost(st, sw, si, frontleft);
Jit+*, sw— , sl++;

if ((!'1sPointClear (st, sw, si))
it (ilsPointVertex (at, »w, si))
it (!IsPointGoal(st, sw, si)))

st—, sw+*, si—;
dist = 0.0;



break?
case left:
dist = GetPointCost(st, aw, si, left)?
st++, sw— ?
if (('lIsPointClear(st, sw, si))
ss {llsPointVertex(st, sw, si))
&& ("lIsPointGoal(st, sw, si)))

st ., SW++?

dist = 0.0;

break;
case backleft:
dist = GetPointCost(st, sw, si, backleft)?
st++, sw— , sSi— ;
if ((ilsPointClear(st, sw, si))
SA (ilsPointVertex(st, sw, si))
&E (‘IsiiintGoal(st, sw, si)))

St— , SW++, sl++?
dist = 0.0?

break?

case front:
dist = GetPointCost(st, sw, s
st++, sl++?
if ((!lsPointClear(st, sw, si))
&& (!lIsPointVertex(st, sw, si))
& (1IsPointGoal(st, sw, si)))

, front)?

st— , si ?
dist = 0.07?

break;
case back:
dist = GetPointCost(st, sw, si, back)?
st++, si—- ?
if ((MIsPointClear(st, sw, si))
s& {!lIsPointVertex(st, sw, si))
& (llsPointGoal(st, sw, si)))

st— , sl++?
dist = 0.0;

break;
case up:
dist = GetPointCost(st, sw, si, up)?
sSt++;
if ((MlsPointClear(st, sw, si))
£& (lIsPointVertex(st, sw, si))
ss (ilsPointGoal(st, sw, si)))

st— ;
dist = 0.0?

break?
default:
break?
J
SetPointType(st, sw, si, START)?
SetPointFrom(st, sw, si, FROMNOWHERE)?
return(dist)?

void Domain::SetAdjobjsInTimeSlice(int timeslice)
t
int a,b; J—
int w,I1?
for (w=0? wcdomainWidth ? w++)

for (1=0? KdomainLength? 1++)

if (MIsPointObject(timeslice, w, 1))
continue;

for(a=w-1; a<=w+1? a++)
if (@< 0 |l (@ > domainWidth))
continue?

Tor(b-1-1? b<=1+1? b++)

if ((b < 0 |l (b >*domainLength))



continue;
if (GetPointType(timeslice, a, b) - CLEAR)

SetPointProm(timeslice, a, b, FROM_NOWHERS!;
SetPointTypeltimeSlice, a, b, ADJTO OBJECT);

void Domain:iSetGoaiFromFilelchar”fileName)

int i, w, 1;
char recType;
char tmp[256J;
fstream dntaFlle;

dataFile.open(fileNamc, fos::ini;
if (ldataFHe)

cout « "Unable to open " « flleNanie « No Goal added.\n";
for(s) |
datafile, getlineftmp, sizeof(tmp)l;
if (strlen(trnp) - 0)
break;
if (tmpio) — GOAL)
// cout « "The GOAL line is: " « tmp « "An';

if (sscanf(tmp, “ic~hdlsd™, itocType, Sw, si) *= 3)
forii—o; KdomainTimeSlices; 1in)

SetPointFromd, w. 1, FROMNOWHERE);
1 SetPointType) 1, w, 1, GOAL);

break;

1

else
cout « "Improperly formatted line ignoredVn™;

dataFile.close)) ;

void Domain::SetMsbileObjsFromFile(char*fileName)

int w, 1I;

char recType;

char tmp[256];
fstream dataFile;
OBJECTtraDE = newObj;

dataFile.open)LileHame, 1ios::in);
if (ldataFiie)

cout « "Unable to open "™ « fileName « No Mobile ob)s added.\n";
fori;;)t
int i;
dataFlle. ijetline(tmp, sizeof (tmp) );
i - strlen(tmp!:
If (1 <=- 0)
break;
cout « "l«notti Ot input line Is: " « i c< "\n";
if ((tmp(0) » GOAL)
ss (tmp]I.O) 1» START)I
// cout « "OBJECT line is: " « tmp « "\n";

if (sseanllitmp, "lcvdld srecType, sw, si) - 3)
SetPoidtFtoin(doma inT imesiices-1, w, 1, FROMNCWHF.RE) ;
SetPointType(doroainTimeSlice3-1, w, 1, MOBILEOBJECT);
newObi « nbjLiat.BuildNewObject(w, 1);
if (nowObi)

t

objUst.1lnsortN=viObiect (newDbi );

/7 cout « “Added ob-) to °bj Ilst\n";



else
cout « “"Improperly formatted Line ignored\n";

dataFile.close!) ;

void Domain:jSetPermObjsinTimeSlice!int timeslice)
int w, 1;

for(w-0; yKdomainWidth-S; wt+)

1-2;
Switch(wf
case 3:
case 4:
case b5:
break;
default:
SetPolntFrom(timeSlice, w, 1, FROMJ1IOWL1IERE) ;
SetPolntType(timeSlice, w, 1, OBJECT);
// SetAdjObjsInTimeSlice(timeSiice, w, 1)

break;

I
for(w-0; w<domainWidth-10; w++)
1
1-7;
SetPointFrom(timeslice, w, 1, FROM NOWHERE);
SetPointType(timeSlice, w, 1, OBJECT);
// SetAdjObjsInTimeSlice(timeSiice, w, 1);

for(1-0, w»domainWidth-10; l«domainl.ength-2; 1++)
swi tch ()

case 3:

case 4:

case 5:

case 6:

case 14:

case 15:

case 16:
break;

default:
SetPointFrom(times lice, w, 1, FROM NOWHERE);
SetPointType(timeSlice, w, 1, OBJECT);

/777 SetAdjObjsInTimeSlice(timeSliee, w, 1);

break;

for(1-2, w=domainWidth-5; KdomainLenqth-7; 1+t)

swi tch()

case 9:

case 10:

case It:
break;

default:
SetPointFrom! timeS lice, w, 1, FROMNOWHERE)
SetPointType(timeSlice, w, 1, OBJECT);

// SetAdiObi 3inTimeS lice (times lice, w, 1)

break;

for (wdomalnWidth-5, [I-domainLenoth-7; w<domainWidth; w h |
SetPointFrom(timeSlice, w,1, FROM_NOWHERE) ;
SetPolntType(timeSlice, w,1, OBJECT);
// SetAdiObjsInTimeSllceltimeSlice, w, 1);

for(w=domainWidth-10, 1"edomainLength-7~; w<domainWidth; wt+)

SetPointFrom(timeslice, w,1, FROM NOWHERE);
SetPointType(timeslice, w,1, object);
// sietftdiobjslnTimeSIice!timeSIice, w, 1;



/7

/7/

void Domain::SetPointFrom(int timeslice, int width, int length, Int Crom)
POINT “tmp;
if ((width < 0)
Il (lenqth < 0)
11 (timeslice < 0)
11 (width >" domainWidth)
I (lenqth >- domaitilLenqt.h)
Il (timeslice >- domainTimeSlices))
return;
tmp - GetPoint(timeslice, width, lenqth);
tmp->from - from;
void Domain:jSetPointType(int timeslice, int width, int lenqth, char type)
char oldType;
POINT *t.mp;
if ((width < 0)
11 (length < 0)
11 (timeslice < 0)
Il (width >*“ domainWidth)
Il (length >» domainl,enqth)
Il (timeslice >- domainTimeSlices))
return;
tmp - GetPoint(timeSlice, width, lenqgth);
oldType - tmp->type;
tmp->type - type;
if (old'i'ype 1- OBJECT)
SetAdjObjsInTimeSliceltimeSlice, width, lenqth);
void Domain::SetStartFromFile(char*filename)
int w, 1;
char recType;
char tmp(256);
fstream dataFile;
dataFile.open(fileName, 1ios::in);
if (ldataFlle)
cout << "Unable to open " « fileName « No Start added.\n";
for(,,)I
dataFile. getline(tmp, sizeof(tmp));
if (strlen(tmp) m- 0)
break;
if (tmpl0) — START)
cout « "The START line is: " « tmp « “\n";
if (sscanf(tmp, "tctd%d", irecType, «w, il) - 23)
SetPointFrom(doroainTimeSlices-1, w, 1, FROMNOWHERE);
SetPointType(domainTimeSllces-1, w, 1, STARTI;
break;
1
el se
cout « "Improperly formatted line ignored\n";

1
dataFile.closed ;
1

Domain::SetVertlcesInTimeSllce(int ©)

int w. |I;

int diff counter, cornercounter;
int sideblts, cornerblts;
for(w*0; w~domai nwidtli; wi-+}

for(1"0; KdomainLenqth; 1++)

if ('laPointClearlt, w, 1))
continue;



corner_bits - BITMASKCLEAR;
cornercounter - O;
if (IsPointNearObject(t, w-1, 1.-1))

corner_bits |- BITMASKLEFT;
corner_bits |- BITMASK_TOP;
corner_counter++;

if (IsPointNearObject(t, w-1, 1+1))

cornerbits I- BITMASK LEFT;

corner_bits I~ BITMASK_BOTTOM;

cornercounter++;

tE (IsPolntNearObjectd, wfl, 1+1))

corner_bits 1- BITMASK_RIGHT;

cornor_bit3 1= BITMASKBOTTOM;

corner_counter++;

f (IsPointNearObject(t, wfl, 1-1))

corner bits I1- BITMASKRIGHT;

corner-bits I- BITMASKjroP;
corner_counter++;

=

{corner_bits !- BITMASKCLEAR)

side bits - BITMASK_CLEAR;

if (XsPointMearObject(t, w-1,

)]

sidebits 1- BITMASKLEFT;

if (IsPointNearObject(t, w,

1-1))

side_bits 1- BITMASK_TOP;

if (IsPointNearObject(t, w+l,

D))

Side_bit3 1- BITMASK RIGHT;
if (IsPointNearObject(t, w,~1H))
sidebits 1= BITMASK_BOTTOM;

for(diff_counter=0;

(sidebits !- BITMASK_CLEAR)
11 (corner_bit3 !- BITMASKCLEAR);
side bits » - 1, corner bits »=m 1)

if

diff_counter++;
continue;
1

((corner_bits i (int)0x01)
ii ((side bits t (int)0x01) !« (corner_bits

If ((side_bits s (inn)0x01)
ii ((side bits t (int)Ox0l) !« (cornerbits

diff_counter++;
continue;

if ((diffcounter > 2)

Il ((diff counter ”-2) ii (corner_counter -- 1)))

1
SetPointFromft, w, 1,
SetPointType(t, w, 1,

U edqge.hpp
typedef struct van
1
Int t,w, 1;
float dist;
Jtruct van *prev, ‘next;
I EDGENODE;

Class Edgelist

1

public:
Edael.ist0 ;
-Edaelist0;

EDGE NODE* BuiidNewBdqge(int, Int, int, float);

void"OeiEdge(Efx;E NODE*) ;
void DelEdgeToVertex(int, int, int);
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EDGE NODE* G»mr3tEdge(void)
EDGE NODE* GetNextEdge(EDGE NODE*I;
void InsertNewEdge(EDGE NODE1);
void ListAllEdges(void);
private:
EDG5_NODE *edgeHead;

II edge.cpp

minclude <lostream.h>

ncludo <alloo.h> for coreleft(}
<include <stdlib.h> for itoa(Q
»include <string.h> for strcpyl)
minclude "edge.hpp"

EdgeList: :EdgeList Q

edgeHead - (EDGENODE*)NULL;
// cout « “EdgeList ConatructorNn™;

EdgeUst: :~EdgeList (I
while (edgeHead !- (EDGENODE™*) NULL!

DeiEdge(edge[fea<l);
// cout « "EdgeList Destructor\n";

£DGE_NODE* EdgelList::Bui IdNswEdge (Int t, int w, int 1, float dist)

EDGE NODE ‘@

/1 if (otherVertex ka (void*(NOLL)

Va4 t
a - |£DGE_NODE*)malloc(sizeo£(EDGE_NODE)) ;
if (a — 7EDGE NODE*)NULL)

cout « "Out of Memory in BulldNewEdga(\n*j.

(*a).t =
(*a).W -
(*a).1 -
(=al.dist » dist;

(’a).prev - (*a).next ™ (EDGENODE*)NULL;
return(a);

\
n return I (EDGE NODE*)NULL);

void EdgelLlst::DelEdge(EDGE NODE*a)

EDGE_NODE*tmp;

tl cout « ‘"edge O\n";
It [a !-I (EDGE_NODB*)NULL)
if ((a->prev =* (EDGE NODE*) NULL) // del last remaining
ii (a—>riext - (EDGE NODE")NULL))
// cout « "edge 1\n”;
free(a);
edgeHead " (EDGENODE*)NULL;
return;
1
if ((a->prev i- (EDGE NODE*)NOLL) U del edge in middle
<i (a—>riext 1- (EDGE NODE*)NULL))
// cout « “edge 2\n";
trap « a->prev;
tmp->next m a->next;
trap = a->next;
Imp->prev “ a->pr*»v;
tree(a);
return;
if ((a->prev -- (EDGE NODE*)NULL) // del edge at sol
<< (a->next 1- (EDGE NODE*)NULL))
11 «out«: "edge 3\n";
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tmp - a->next;

tmp->prev - (EDGE_NODE*)NULL;
edgeHead « tmp;

free(@);

return;

1i ((a->prev !- (EDGE_NODE*)NULL) // del edge at eol

«« (a->1ext —  (EDGE_NODE*)NULL))
// cout « "edge 4\n";
tmp - a->prev;
tmp->next - (EDGE NODE-*) NULL;
tree(a);
return;

void EdieList::DelEdgeToVertex(int t, int w, int X)
EDGE_NODE*tmp;
for(tmpl: GetFirstEdged ; tmp I1- (EDGENODEMNULL; tmp - GetNextEdge(tmp))
if ((tmp->t - ©
««  (Emp->w »» W)

it (tmp->1 -- 11)

DeiEdge(tmp);
break;

EDGE NODE* EdgeList::GetFtrstEdgo(Q
return(edgeHead);

EDGE NODE* EdgeList::GetNextEdge(EDGE_NODE*cur)

return(cur->next);

void EdgelList::InsertNewEdge(EDGE_NODE “r*dgp)

EDGE_NODE *cur;

if (edge — (EDGE_NODE*“)NULL)
return;
if (edgeHead - (EDGE_NODE*)HULL)
1
edgeHead - edge;
edge->prev = edge->next - (EDGENODE*)NULL;
11 cout « “Inserted edge into empty list 7;
cout << " (" << edge->t « « edge->w « ", *e « edge->1 « ").
u cout < "Dist - ” « edge->dist « “\n";
return;
for(cur-edaeHead; cur !- (EDGENODE*)NULL; cur-(*cur).next)
1
if ( (odge->t > cur->t) -
11 ((edge->t — cur->t)
ss (edge->w > our->w))
11 ((edue->t cur->t)
ss (edge->w cur->w)
is (edge->1 > our->1)) )
1 Il insert after cur
if (cur->next - (EDGE_NODE*)NULL)
1
edge->next - (EDGENODE*)NULL;// no more so append to eol
edge->prev - cur;
cur->noxt " edge;
break;
else
continue; // try next one
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cout «
cout «

// cout «
il cout «
1 cout <<

void EdieLiSt:

EDGENO

for(edgi

cout «

Il object.hpp
«define FALSE
«define TRUE

GOAL
START

»define
«define
(define
~define
-define
~define
-define

CLEAR

(define NUMDI

enum directions |

typedei

int direction,

int w,
struct

OBJECT
ADJ TO_OBJECT
MOBILE OBJECT

VERTEX

If ( (pdno->t < cur->tl
11 ((edge->t cur->U
SN (edge->w < cur->w))
11 {(edge->t < cur->t)
it (edge->w — cur-)v]
<i (edge->i < cur->U) )
1 /7
(EDGENODE*)NULL)

insert before cur

if (cur->prev -

edae->prev - (EDGE NODE*)NULL; // at start of

edge->next = cur;
cur->prev - edge;
edaeHead » edge;

break;

1

else
1
edge->prev - cur->prev;
edge->next - cur;
cur->prev 1 edge;

» edge->prev;

edge;

// in middie/end of

cur
cur->next =

3reak;
1

if ( (edge->t *
m (edge->w =™
ii (edae->i -~

cur->t)
cur->w)
cur->1) )
/* already here - replace it ! */
“Already here -
edge->w «

“\n":

coul: «
" (" << edge->t << «
"Dist - ™ « edge->diat «

cur->w - edae-?w;

cur->1 " edge->1:

cur-xilst - edae->dist;

free(edge);

break;

.o .

« edge->.1 «

1

“Inserted edqge into
* (" « edge->t «
"Dist - " << edge->dist «

list
<< edge->w <<
“\n":

*,* « edge->1 «

:ListAUEdges(Q

DE “edge;

- edgeHead; edge 1« (EOGE_NOi)E,(NULL; edge - ("edge).next)

<< *“Edge to (;
(*edge).t W«
(*edge).w «
(“edge) .1 «

cout
cout «
cout «

cout « (Cedge).dist « "\n";

IFALSE

-G*
=g
*X
"
M
7"
-y

0->7) </
backright,

directions;
frontleft,

i3 the a horizontal
left, tight, frontright,

N f* this
front, back,

RS

struct o

velocity;
I

o *prev, "next;

1 OBJECT NODE;

1i3t

list

replacing valuea and disposing of new edge

backleft,

up,

down,

clearl;



class ObjectList
1
public:
ObjectList {);
-ObjectList Q ;
OBJECTJ10DE* BuildNewObject{int, int);
void DelAll1Object3(void);
void DelObject (OBJECTNODF. ) ;
0aJF.CT NODE* GetNex tObject(void);
~ void InsertNewObject (ODJECT_NODE¥*) ;
void ListAllObjects(void);
privates
| OBJECTNODE *objectHead;
)

Il object.cpp
(include <iostream.h>

(include <alloc.h> Il for coreleftO
(include <stdlib.h> 11 for itoa{)
(include <3tring.h> Il for strcpyO

// (include "edge.hpp"
(include "object.hpp™

ObjectList::ObjectList(Q

t
objectHead - (O00JECTNODE*)NULL;
cout « “"ObjectList Constructor”"™;

ObjectLi(t::—ObjectList(J

cout « "ObjectList Destructor\n";
DelAHObject3();

OBJECTMODE* ObjectList::BulldNewObject(int «, int 1)
OBJECT_NODE *newPtr;

newPtr - (OBJECT_NODE*Imalloc(alzeof(OBJECT_NODE));
if (newFitr -- (OBJECT MODE*}NULL)

cout « "Out of memory in BuildNewObject()\n";
return(NULL);

{*newPtr)-direction » rand() J NUM MRS;

{“aewPtrj.velocity " 1;
(“newPtr).prev - (MiewPtr}.next - {OBJECTMODEZ1)NULL
(“newPtr).w - w;

(enewPtr).1-1;
return(newPtr);

void ObﬁectList::PelAIIObject3()
OBJECT NODE *tmp;
while (objectHead 1I- (OBJECT NODE*)NULL)

tmp * objcctHead;
objectHead - (eobjectHoad] .rraxt;

DelObject(tmp);

void ObjectList::DelObject(OBJECT_NODE *todie)
OBJECT NODE *cur;

if (({“todlej.prev 1« (OBJECT NODE*)NULL)
((“todiej.«ext !- (OBJECT NODE*)NULL))
t
H cout « "Deleted Object (" « ‘tcxlie->w « ", " « todien>1 «
oilr-(*todie) .prev;
if {¢Ur -»™ l.odlol

")\n";



objectHead - (OBJECTNODE*)NULL;

// ".-out « "Object List EmplyNn™;
free(todie);
return;
else

1

(“cur).next-1*todie)-next;
cur « |*todie).next;
(ecur).prev - (“todie).prev;
Li (objectHead - lodie)
objectHead « (“todie).next;
free(todle);
return;

;)

cout « "*“ DId WOT delete rotton object (' « todle->w <<

OBJECT NODE* ObjectList;:GetNextObject()
OBJECT_NODE “tmp;

if (objectHead — (OBJECT NODE*) NULL)
return ((OBJECT MODE* INULL) ;

tmp " objectHead;

objectHead - objectHead->next;
return(tmp);

void ObjectList::InsertNewObject(OBJECT NODE “newpl:r)

OBJECT_NODE “cur;
if (newPtr — (OBJECTNODE*)HULL)
return;

if (objectHead — (OBJECTNODE*)NULL)

objectHead == newPtr;
i‘nethr) .prev « (enewPt.t) .next « newPtr;

else
/* insert before first node */
cur e objectHead;
(*newPtr).next « cur;
(“newPtrl.prev - (*cur).prev;
(ecur).prev - newPtr;
cur - (“newPtr) .prev;
(ecur).next - newPtr;
I objectHead - newPtr;
/7 cout « “Inserted object (" « newPtr->w « « newptr->t «
void ObjectList::ListAlLObjectsl)
OBJECTJJ"H “tip;
if fobjectlioad “  (OBJECT NODE*)NULL)
cout « "ObjectList is empty\n”;
return;

forft.mp—objectHead;;tmp - tmp->next)

cout « "Object:(" « tmp->w « ",* « tmp->1 « “INn"
tmp - Imp->next;
if itmp — objectHead)

cout « "ObjectList «ndedNn™;

break;

« todie->1

“I\n";

«

»y\n";



// vertex.hpp

«define FALSE 0O

«define TRUE |jFALSE

edefine GOAl, "G"

-define START 'S’

edefine OBJECT ~X"

-define ADJ_TO_OBOF.CT “x*
~define MOBILE_OBJECT ~M"
edefine CLEAR ~."

edefine VERTEX "V~

-define BITMASK_TOP (int)0x08
-define BITMASK_LEFT (int) Ox0-1
edefine BITMASKBOTTOM (Int)0x02
edefine BITMASKRIGHT (inf)0x01
edefine BITMASKCLEAR (int)0x00

typedef struct vn

int t,w, 1;

char nodeType;

3truct vn “searchPrev,
float searchDist;

tnt searchMarker;
EdgeList *edgel.ist;
struct vn *pathFrom, "pathTo;
struct vn *prev, *next;

I VERTEXNODE;

class VertexList

public:
VertexList(Q;
-VertexList(Q;

“searchNext;

void AddToSearchLioUVF.RTEXNODE™*)

VERTEXNODE™*

int CalcRobotDir(VERTEX_NODE*);

void DelAllVertices(void);
void DelVertex(VERTEX_NODE*);
int FindPath(void);

VERTEXMODE* FindVertex(int, int,

int)1l

VERTEXNODE* GetFirstVertex(void)l
VERTEXNODE* GetNextVertex(VERTEXNODE™*):

VERTEXNODE* GetStartVertex(void);
void InsertAllVertice.i(void);

void InsertNewVertex(VERTEX_NODE*);

void ListAllVertice3(void);
void ListSearchList(void);

BuildNewVertex (int, intTint, char) ;

// void MoveRobot(int, int, int, int) ;
void MarkPath(VERTEX_NODE*);
void RemoveFromSearchList(VERTEXNODE™*) ;

void
private:
VERTEX NODE*
VERTEXNODE* searchHead;
int searchMarker;
float searchTrimDiat;

// vertex.cpp

TrimSearchList(void);

vertexHead;

ainclude <lo3tream.h>

¢cinclude <conio.h> // fTor netchQ
»include <rilloc.h> // for coreleftQ
sinclude <stdlib.h> // for itoaQ
sinclude <3tring. // for strcpyO
finclude "edqge.hpp™

«include "vertex.hpp”

VertexList::VertexList(Q

vertexllead
searchHead - (VERTEXNODE*)NULL;
3earchMarker - 0;
searchTrimDist *
cout «

-1.0;

VertexList::-VertexList(Q

(VERTEX NODE*)NULL;

"Initialised Vertex class n";
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cout « "VertexList destructor started\n";
DelAllVerticesO ;
cout « "VertexList destructor ended!\n";

void VertexList::AddToSearchList(VERTEX_NODE“a)
VERTEXNODE *tmp;

If (a -- (VERTEXNODEMNIJLL)
return;

if (<(*a) .searchPrev - (VERTEXNODE*)NULL) // if already in fringe

I ((*a).searchNext !- (VERTEX_NODE“)NULL)) // list, dont add again
return;
ir (searchHead - (VERTEXNODE®")NULL)
searchHead - a;
a->pathFrom = a->pathTo - (VERTEXNODE*)NULL;
a->searchPrev - a->searchNext » a;
// cout « "lInserted into empty search list (';
// cout « a->t « "," « a->w « « a->1 « "™)\n";
else |
a->searchNext “ searchHead;
a->searchPrev - searchHead->searchPrev;
searchHead->searchPrev - a;
tmp = a->searchPrev;
tmp->searchNext - a;
// cout « "Appendedto search list (@
// cout « a->t « « a->w« "o« a->l o« "H)\nT;

VERTEX“NODE* VertexList::BuildNewVertex(int t, int w, int 1, char nodeType)

VERTEX_NODE ’newPtr;

newPtr - (VERTEXNODE*)malloc(sizeof(VERTEXNODE));
if (newPtr — (VERTEX NODE*)NULL)

led in BuildNewVertex!\n";

cout « “MallocO *F
elxit(O);

(’newPtr).t - t;

(“newPtr) .w - w;

(enewPtr).1 - 1;

(’newPtr).nodeType » nodeType;

(“newPtr) .edgeList = new EdgeUstO;

(enewPtr).pathTo - (“newPtr).pathFrom - (VERTEX NODE“)NULL;
(“newPtr).searchDist - 0.0;

(’newPtr).searchPrev » (“newPtr).searchNext - (VERTEXNODE*)NULL;
(*newPtr).prev - (“newPtr).next - (VERTEX_NODE®“)NULL;

if (nodiType w— START)

("newPtr).searchMarker ® searchMarker+l;
AddToSearchLi3t(newPtr);

else
I"'newPtr).searchMarker m searchMarker;

return(newPtr);

void VertexList::DelAllVertices(Q

while (vertexHead !- (VERTEXNODE*)NULL)
it cout « “About to delete (" « vertexHead->t « « vertexHead->w ;
// cout « "," « vertoxHead->1 « ') at addr: " « vertexHead ;
if cout « 71 Prev:i® « vertexHead->prev « "I Next:" « vertexllead->next <<"\n";

DelVertex(vertexHead);

cout « " ———=\n"";
/7 getch Q ;
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void VertexList::DelVertex (VERTEX_NODE “todie)

VERTEX NODE
EDGE NODE*aj;

<tmp;

if (todie -
return;

(VERTEXNODE*)NULL)

tor (a - todie->edgelList-X9etFir3tEdge();

a 1- (EDGE_NODE*)NULL;

a - todie->edgeList->GetFirstEdge())
todie->edgelList->DelEdgeToVertex(a->t, a->1);
Imp = FindVertex(a->t, a->w, a->1);

if ftmp 1- (VERTEX NODE*)NULL)

a->w,

tmp->edgeList->DelEdgeToVertex(todie->t, todie->w,

delete todie->edgelLlst;
RemoveFromSearchListltodie);

if ( ((“todie).prev —
44 ((»tidie)_next -

(VERTEX_NODE “)HULL)
(VERTEXNODE*)NULL) )

vertexHead -
free(todie);
return;

(VERTEXNODE*)NULL;

if ( ((*todie).prev !- (VERTEXNODE*)NULL)
44 ((—t(l)die)_next 1- (VERTEXNODE*)NULL) )

tmp “ (“todie).prev;
("tmp).next - (“todie).next;
tmp - (“todie).next;

(=tmp) .prev - (=todie).prev;
free(todie);

return;

if ( (Ct.odie) .prev -
SS ((“todie).next I=
t
vertexHead «
(*tmp) .prev -
free(todie);
return;

(VERTEX NODE*)NULL)
(VERTEXNODE*)NULL) )

tmp - (“todie).next;
(VERTEXNODE*)NULL;

if ( ((“todie).prev 1- (VERTEXNODE*)NULL)
45 ((*todie).next — (VERTEX NODE*)NULL) )

tmp - (*todie).prev;

(*tmp) .next = (VERTEXNODE*)NULL;
free(todie);

return;

int VertexList::FindPathO

EDGENODE *e;
int goalFound-FALSE;
float dist;
VERTEX NODE “cur, *adj;
if (3earchHead->nodeType *e- START)

searchMarker - searchHead->seatchMarker;
else

return(FALSE)
for (cur, - searchHead; cur 1I* (VERTEX NODE*)NULL;
if ((cur->searchDist >m searchTr imDist.)
<4 (searchTrimDist > 0.0))

todie->1)

/ tmp - (VERTEX NODE*)(a->otherVertex)

f cout « "On vertex (" « todie->t « « todie->w «

/ cout « todie->I « "):Del edge to (" « tmp->t « « tmp->w «
/ cout << tmp->1 « ")\n";

/ cout « "todie at:" << todie « a at:" « « “\n";

/ cout << " tmp at: « tmp « “\n";

/ todie->edgelList->De)EdgeToVertex((void*)tmp);

/ cout « "On vertex (" « tmp->t « "," « tmp->w «

/ cout « tmp->1 « "):Del edge to (" « todie->t « ",” « todie->w «
/ cout « todle->1 « “)\n";

/ tmp->edgeList->DelEdgeToVertex((void*)todie);

cur * searchHead)



|
RemoveFrcmSearcliLi3t(cur) ;
continue;

for (e - cUr->edgelList->GetFirst.EdgeQ ;
e 1- (EDGE_NODE*)NULL;
e < cur->edgeList->GstNextEdge (e))
1
adj m FindVertex(e->t, e-?w, e->1);
if (adj - (VERTEX_NODE*)NULL)
continue;

! adj = (VERTEXNODE*) e->otherVertex;
dist - cur->searchDist * e->dist;
if ( (adj->searchMarker !» searchMarker)
Il ((adj->searchMarker — searchMarker)
is (adj->searchDi3t > dist)) )
1
if [(dist < searchTrimDist)
Il (searchTrimDist <- CI.01)

adj->pathFrom - cur;
adj->searchMarker ” searchMarker
adj->searchDist - dist;
AddToSearchLIst(adj);

1f (adj—l>nodelype == GOAL)

goal Found - TRUE;
searchTrimDist - dist;
MarkPath(adj);
TrimSearchListO j

1

1
RemoveFromSearchList(cur);
1
return(goal Found);
1

VERTEX NODE* VertexList::

indVertexfint I, int w, Int 1)
VERTEX_NODE* cur;

tor(cur - GetFirstVertex();
cur - (VERTEX_NODE*)NULL;
cur - GetNextVertex(cur))
|

if (tcur->t 19
it (cur->w — w)
ss (cur->1 - 1))
return(cur); // found it

if ((cur->t >- ©)
it (cur->w > w)
it (cur->1 >- 1))
| break; // passed it - it"s not in the list

coturn((VERTEX MODE*)NULL);

VERTEX NODE* VertexList::GetFiT3tVertex(Q

return(vertexHead);

VERTEXNODE* VertexList::G«tNextVerLex IVERTEX NODB“cur)

return (cur->ni?xt);

VERTEX NODE* VertexList::GetStartVectex(Q
1
VERTEX NODE *tmp;

forltmp = GetFirstVertex!);
Imp I1- (VERTEX NODE*)NULL;
Imp - GatNextVertex(tmp))



if {tmp->nodeType -= START)
break;
|

returnt!tmp);

void VertexList::InsertNewVertex(VERTEX_NOD6-a)

|
VERTEXNODE “cur:

if (@ — (VERTEXNODE*)NULL)
return;
if (vertexHead -- (VERTEX_NODE*)NULL)
1
vertexHead - a;
(*a).prev - (*a).next - (VERTEXNODE*)NULL;
return;
for(cur-vertexHead; cur !- (VERTEX_NODE*)NULL; cur»(*cur) .next)

1
if ( (a~>t > cur->t)

a ((a->t — cur->t)
C< (a->w > cur->w))
11 ((a->t -- cur->t)
4« (a->w cur->w)
si (a->1 > cuc->i)) )
f // insert after our
if (("cur).next — (VERTEX_NODE*)NULL)
(=al.next “ (*cur).next: // eoi - append new node
(*a).prev - cur;
(*cur).next = a;
break;
t
else
continue; // get next node

if ( (a->t < cur->t)

1l ((a->t - cur->t)
it (a->w < cur->w) 1
Il ((a->t - cur->t)
44  (a->w cur->w)

4s (a->1 < cur->1):) )
1 // insert before cur

If (cur->prev - (VERTEX NODE*)NULL)

a->pr<sv - (VERTEX MODE*)NULL;// at start of List
a->next « cur;

cur->prev - aj;
vertexHead - a:
ﬁreak;
eise |

3->prev - cur->prev; // in middle/end of list
a-Miext « cur;
iiur->prev ” aj;
cur - a->prev:
cur->next -aj;
break :

Lf ((a->t - citr->t)

m (a->w - cur~>w)

44 (a->1 "« cur->1))
1 // 1Insert after cur at eoi

iE (Ccur)-next — (VERTEX NODE*)NULL)

(*a) .next - (VERTKXNODEMNULL;
(*a) .prev - cur;

(*cur) .next * a;

break;

else
continue;

1

// cout « “Inserted vertex (';

// cout « (*a] .t « "« (*a).w « ra).l « “I)\n";



istAllVertices(Q

void VertexList:

VERTEX NODE *cur-vertexHead;

while (cur 1- (VERTEX NODEMNULL)

cout « "Vertex:" « (*cur) .nodeType « at (;
cout « (*cur).t « « (*cur) .w «  T," « (*cur).l «  ")\n";
cur->edgeList->LIstAllEdges Q;
cur - (*cur)-next;
void VertexList: :ListSeaicliList()
VERTEX_NODF.*cur;
if (searchHead -- (VERTEX NODEMNULL)
cout « "Empty SearchList! (marker”" « searchMarker « ")\n";
return;
"\n";

“List of nodes in Search list (marker-" « searchMarker «

cout «
searchHead;

cur -
do

cout « "SearchList node (’ « cur->t « « cur->w « "," « cur->l «
cout « "Dist » " « cur->searchDist « “\n"

cur-cur->searchNext;

while (cur !I= searchHead) ;
cout « "End of SearchList\n";

void VertexList::MarkPath(VERTEX_NODE*v)

VERTEX_NODE"™™* tmp ;

(VERTEX_NODE*)NULL)

if (v -
return;
// cout « "Path from Goal to Start\n”;
v->pathTo - (VERTEX_NODE*)NULI.;
do I
tmp - v->pathFrom;
11 cout *< "(" « V->t « «  V->SW o« "« v->l o« "™\
if (tmpll— (VERTEX_NODE*)NULL)
t.mp->pathTo - v;
3 - v->pathfrom;
while (tmp t- (VERTEXNODE*)NULL);
void VectexList:jRemoveFromSearchList(VERTEX NODE*a)
VERTEX_NODE *cur;
if ((a->searchPrev - (VERTEX NODE*)NULL)
(I (a->searchNext == (VERTEXNODE*)NULL))
if (searchHead -+ a)
searchHead - (VERTEXNODE™*)NULL;
return;
cur»a->searchPrev;
if (curl— a)
searchHead *= (VERTEXNODE*)NULL;
cout « "Removed Search Node (;
"," « a-M <« "). SearchList empty\n";

It
/7/ cout «

a->t «< "," «  a->w « R

else
a-"~"searchNext;

cur-"searchNext

cut - .i->searchNext;



cur->searchPrev = a->searchPrev;

if (searchHead == a)
searchHead = a->searchNext;
// cout « "Removed Search Node (;
// cout « a->t « « a->w « "« a->1 « n).\nn;
a->searchPrev = a->searchNext = (VERTEX_NODE*)NULL;

void VertexList::TrimSearchList(Q

VERTEX__NODE *cur, *tmpPtr*(VERTEX_NODE*) 0;
int trimmed=TRUE;

// cout « “"Trimming search list Lu " « searchTrimDist << " or loss\n";
if ((searchHead »= (VERTEX_NODE*)NULL)
Il (searchTrimDist < 0.0))
return;

cur = searchHead;
while (itiintr 1= cur) j| (trimmed == TRUE))

if (trimmed==TRUE)

tmpPtr=cur;
trimmed=FALSE;

if ((*cur).searchDist >= searchTrimDist)

// cout « “Trimmed out (?
// cout « cur->t « « cur->w « "," « cur->1 « '
// cout « "Dist was " « cur->searchDist « "\n";

if (cur == cur->searchNext)

RemoveFromSearchList(cur);

break;
else
tmpPtr = cur->searchNext;
RemoveFromSearchList(cur);
cur = tmpPtr;
trimmed = TRUE;
else
| cur = cur->searchNext;
// cout « Me———m———o \n"

B.4. Standard Depth First Graph Theory

The Standard Depth First Search Algorithm for Graph Theory which was implemented as part of this
project was coded in ANSI C++. The filenames for each of the separate source code files were supplied
inside C++ format comments (i.e. 11) at the beginning of each file listing. A detailed explanation of the

design behind this program was presented in Chapter 4.

// main.cpp

#include ciostream.h>
~include <fstream.h>
ifinclude <stdio.h>

~include <conio.h> // fTor getch Q
#include <alloc.h> // for coreleft(;
#include <stdlib.h> // for itoa QO
flinclude <string.h> // for strcpyO

~include <sys\timeb.h>
~include <dir.h>
~include <ctype.h>
~include "edge._hpp"
ffinclude “"vertex.hpp™
tfinclude "object._hpp™
~include "domain.hpp"”
ffinclude "bench.hpp™



»define MAPFILEMASK "MAPe_DAT"™

int main(int, char"M;

void BuildVertexListFromDomain(VertcxListi, Domain«);
int CalcRobotDir(VERTEX_NODE*)

void FindAUEdgeslVertexLIsts, Domains);

void MemStatus(char™);

int SetWorklngDir(void);

void RenameMapFile(char”);

int mainlint acgc, char** argv)
1
chat* shortName;
struct ffblk mapfiie;

for(::)
1
shortName - 3trstr(ar<iv[0), "\\");
if (shortName (char”)NULL)
1
shortName - argv(0];
cout « “"This is 7 « shortName « “\n”;
break;
1
else
argv(0) - shortName+1;
1
MemStatus("Free memory before mainloop in main: ");
if ((SerWorklngDirO)
cout « “"Program exiting gracefully\n";

return(l);
1
if (FIndfirst(MAPFILE_MASK, imapfile, 0))
1
cout « "Program exiting gracefully - no map files found\n™;

return(l);
1

char tmp(256);
int i;
Benchmark stopwatch(shortName);

do

sprintf(tmp, “Starting on %3: *, mapfile.ff_name);
MemStatus(tmp);
for (i”0; KNUMTIMES; it+)

int flag, timeTaken;
float distTravelled;
Domain theWorldll0, 20, 20, mapfiie.ff_name);

timeTaken - 0;
distTravelled = 0.0;
stopwatch.lterStart(l, mapfiie.ff_name);

top"tch.clicko;
for(;) |

VertexList vertList;

BuLltlVertoxList.FromDomain (vertList, theWorld)
FIndAllEdges(vertList, theWorld);
stopwatch.ClickO;
theWorld.DrawDomainQ ;
stopwatch.Click!);
flag = vertList. FindPathO ;
stopWatch.Clickl);
if (flag - TRUE)

cout « "Path found the GOALINN";

else
cout « “No path found to GOAL!\n™;

it (flag)
1
VERTEX NOOF.HI, “t2;

11 - vertList.GetStartVertex Q;
if (tl 1- (VF.RTEX_NODE“)NULL)
1
t2 * tl->pathTo;
If (12 1~ (VF.RTEX_NODE *)NULL)



{

i ((t->w -~ t2->w)

44 <tl->1 - t:2->1)

44 (tz—inodeType — GOAL.))

cout « "HADE IT TO THE GOAL!\n";
break;

distTravelled +m theWorld.MoveRobot(tl->t,
t2->t, t2->w, t2->1);
theWorld.AdvanceTime();
timeTaken++;

stopwatch.lterStopftimeTaken, distTravelled);
stopwatch. I.ogCalcsO ;
RenameMapFile(mapfiie.ff_name);
// break;

while ((findnext(4mapflie));

MemStatus("Free memory after mainloop in main: ™);
return(0);

void BuildVertexListFromDomain(VertexList 4vList, Domain 4doroain)

char type;

int t-domain.GetDomainTImeSlices(), a;
Int wdomain.GetDomainWidth(), b;

int 1-domaln.GetDomainLength(Q, c;
VERTEXNODEe#newPtr;

for(a-0; a<t; an)
for(b-0; b<w; b++)
for(c-0; c<l; C++)
type = domain.GetPointType(a, b, c);
if ((type - VERTEX)
1] (type — START)

1 (typle— GOAL))

newPtr - vList.BuildNewVertex(a, b, c, type);
vList.InsertNewVertex(newPtr);

void FindAllEdges(VertexList iv

ist, Domalnidomaln)

EDGEMODE™*» ;
VERTEX_NODE*a,*b;
float dist;

for(a - viList.GetFlrstVertexO ;
a = (VERTEX NODE<)NULL;
a » viist.GetNextVertex(a))

for(b - vList.GetNextVertex(a);
b 1- (VERTEXNODE*)NULL;
b - viList.GetNextVertex(b))

if (@a - b
continue;

If ((a->t -= b->t)

44 (a-.-'W - b->w)

44 (a->1 -» b->U)
continue;

dist “ domain.CheckLine(a->t, a->w, a->l, b->t, b->w, b->1);
If fdist > 0.0)

e = a->cdgeList->BuildNewEdge(b->t, b->w, b->1, dist);

tl->wt tl->I<



a->edgétii3l->Inser tNewEdge (e);

dist’ domain.checkLine(h->t,
1f (dist > 0.01

b->w, b->I, a->t,

w - b->edgel,ist-T-SU"i IdHewlTTdge (a->t,
b->edgeLi31->InsertNowEdge (0);

void MemStatus(char “StatusMessage)
t
char tmp[2561;
fstream debugFlle;
long MemLeft;

debugFlle.open("DEBUG.LOG", 103: zapp);
if (ldebugFiie)
cout « "Unable to open DEBUG.LOG\n"

MemLeft - (long) coreleft();

sprintf(tmp, "tstldXn", StatusMessage, MemLelt);

debugFlle.write(tmp, strlen(tmp));
debugFlle.closed ;
// cout « StatusMessage « MemLeft « “\n";

int SetWorkinijDIr O
char mapdir(256);

cout «"Enter the directory containing map
cln » mapdir;
If (tou;iper(raapdir[o]) = "07)

cout« "Quitting...\n"f
rettii n(FALSE) ;

If (chdli r(mapdir))

cout « "The directory " « mapdir «
return (FALSE) ;

cout « "Made ” << mapdir « the current
return(TRUE);

void RenameMaDFile(char*filename)

char newillename[1281;
char* ch;
int i—- (int)".

strcpy (newf Ilenaine, filename);
ch - strrchr(newfilename, i);
If (ch ll— (char*)NULL)

strcpylch, ™.bak™);
rename(filename, newfilename);

else

)

// bench.hpp

5define FALSE O
-define TRUE 1FALSE
edefine NtIMTIMES 10
edefine MAXFILENANE 13

exitll);

class Benchmark

public:
Benchmarkfchar*);
"Benchmark!);
void Click(void);
void lterStartlint, char*);
void IlterStopfint, float);
void LoqCalcalvoid);

files, or \"g\"

for quit:";

" could not be found.\n";

directory.\n";



private:

void DiTf(struct tiroeb*, struct timeb*,

31 ream logFi lo;

Cstream avgFile;

char mapFiieName [MAXFXLENAME] ;

struct timeb benchtnarks(NUMTIMES]| (2];
float distRobotTravelled [NUMTFMES);
int timeTaken[NUMTIMES];

int currentlter;

int clickToggleFlag;

struct timeb elapsedTIma, computeTime;

struct timeb*)

struct timeb startTime, clickOnTIme, clickOffrime;

// bench.mcpp

linclude
IInclude
linclude
sinclude
~include
linclude
linclude
linclude

<iostreain.h>
<tstream.h>
<stdio.h>

<ailoc.h> // for coreleft(Q
<stdlib.h> // for itoa(Q)
<string.h> // for strcpyQ
<sys\timeb.h>

“bench.hpp™

Benchmark:benchmark(char *fileName)

char “tinp;
char lognamelMAXFILENAME];

wh

ile!(tmp “ strchr(fileName, *\\e)) 1« (char*)NULL)

filename — ttnp+l ;

strcpy(logname, EileName);
if ((tmp - strchr(logname, 1“ (char*)NULL)
strcpy(tmp, ".LOG"™);
else
strcat (logname, "-1.CG" ;
iogFile.opendogname, 1ios: zapp) ;
if (UogFile)
cout « "Unable to open ” « logname « "\nH;
if ((tmp - strchr (logname, ~.%)) !- (char®)NULL)
strecpy(tmp, ".AVG");
else
strcat(logname, ".AVG"™)!
avgFile.opendogname, ios::app) ;
if (*avgFile)
cout « "Unable to open ™ « logname « "Yn";
cout « "Initialised Benchmark classYn";
Benchmark ::-BenchmarkQ
11 (Iogille)
logFile.flush!)i
loaFile.close));
\
if (avgiile)
avgFile. flush!)
vaqFile.close!) ;
cout « "Closed Lou El les and Destroying Benchmark clasavn™;

void FJenchmark ::Click O

switch(ilickToggleFlag)

case TRUE:
ftime(SclicKOnTime);
clickToggleFlag < FALSE;
break;

case FALSE:

default:
Etime(Sc lickOf fTime);

Kiff(ScllckOnTime, telickOE[Time,

clickToggleFlag - TRUE;

scomputeTime);



void Benchmark::Diff(struct timeb*start, struct timeb*stop, struct timeb*diff)
if ((*stop).millitm < (*start).millitm)

(+stop) .mi itm +- (short)1000; /+ carry when subtracting, stops*/
(*start).time += 1L; /* negative wraparound problems!*/

(*diff) .millitm += (*stop).
(*diff).time += (long)((*diff).mi
(*diff) _millitm %= (short)1000;

i*diff)_time += ((*stop).time-(*start).time);

illitm - (*start).millitm;
itm / (short)1000);

void Benchmark::lterStart(int i, char*s)

currentlter = 1i;

clickToggleFlag = TRUE;

computeTime.time = elapsedTime.time = OL;
computeTime.millitm = elapsedTime.millitm = O;

strcpy(mapFileName, s);

ftime (FistartTime) ;

void Benchmark::lterStop(int t, float distTravelled)

struct timeb stopTime;

ftime(fistopTime);
Diff(sstartTime, fistopTime, selapsedTime)?

benchmarks[currentlter][0].-time = elapsedTime.time;
benchmarks[currentlter][0].millitm = elapsedTime.millitm;
benchmarks[currentlter][1].time = computeTime.time;
benchmarks[currentlter][1].millitm = computeTime.millitm;
timeTaken[currentlter] = t;

distRobotTravelledfcurrentlter] = distTravelled;

void Benchmark::LoaCalcsQ

char tmp[256];
float avgDist;
struct timeb avg;
int i, avgTimeTaken;

for(i=0, avg.time=0L, avg.millitm=0, avgDist=0.0, avgTimeTaken=0;
KNUMTIMES ;
++)

sprintf(tmp, "%s (%02d) Elapsed time:%051d.%03d\n", mapFileName, i,
benchmarks[i][0].time, benchmarks[i][0}.millitm);

logFile.write(tmp, strlen(tmp));

sprintf(tmp, "%s (%02d) Compute time:%051d.%03d\n", mapFileName, i,
benchmarks [i][1]-time, benchmarks[i] [1]-millitm);

logFile.write(tmp, strlen(tmp));

sprintf{tmp, "%s (%02d) Dist travelled:%f\n", mapFileName, i,
distRobotTravelled[i]);

logFile.write(tmp, strlen(tmp));

sprintf(tmp, "%s (%02d) Time Slices Taken:%d\n", mapFileName, i,
timeTaken[i]);

logFile.write(tmp, strlen(tmp));

avg.time+=benchmarks[i][0]-.time;

avg.m itm+=benchmarks[i][0]-m

if (avg.millitm % 1000 != avg.mi

litm;
itm)

avg.time += (long) (avg.millitm / (short) 1000) ;
avg.millitm %= (short)1000;

1

sprintf(tmp, n*s Tot. Elapsed time;%051d.%03d\n™, mapFileName, avg.time, avg.millitm)
logFile.write(tmp, strlen(tmp));

cout « avg. time « « avg.millitm « w\n”;

cout « tmp « "\n";



//

//
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i = (int) (avg.time % (long)NUMTIMES);
avg,time /= (long)NUMTIMES;

avg.mil tm += i * 1000;

avg.millitm /« NUMTIMES;

sprintf(tmp, "%s Avg. Elapsed time:%051d.%03d\n", mapFileName,

avgFile.write(tmp, strlen(tmp));
sprintf(tmp, "%s Avg. Elapsed time:%051d.%03d\nn, mapFileName,
logFile.write(tmp, strlen(tmp));

for(i=0, avg.time=0L, avg.mi itm=0; {i<NUMTIMES; i++)
avg.time+=benchmarks[i][1].time;
avg.millitm+=benchmarks[i]J[1].millitm;
if (avg.millitm % 1000 != avg.millitm)
f
avg.time += (long)(avg.mi
avg.millitm %= (short)1000;

litm /7 (short)1000);

sprintf(tmp, n%s Tot. Compute time:%051d.%03d\n", mapFileName,
logFile.write(tmp, strlen(tmp));

i = (int) (avg.time % (long)NUMTIMES);

avg.time /= (long)NUMTIMES;

avg.mi itm += i * 1000;

avg.mi itm /= NUMTIMES;

sprintf(tmp, "%s Avg. Compute time:%051d.%03d\n", mapFileName,
avgFile.write(tmp, strlen(tmp));

sprintf(tmp, "Is Avg. Compute time:%051d.%03d\nn, mapFileName,
logFile.write(tmp, strlen(tmp));

for(i=0r avgTimeTaken=0; i<NUMTIMES; i++)
avgTimeTaken+=timeTaken[i];
avgTimeTaken = avgTimeTaken / NUMTIMES;

avg.time,

avg.time,

avg.time,

avg.time,

avg.time,

sprintf(tmp, "%s Avg. Time Taken:%d\n™, mapFileName, avgTimeTaken);

avgFile.write(tmp, strlen(tmp));
logFile.write(tmp, strlen(tmp))

for(i=0, avgDist=0.0; KNUMTIMES; i++)
avgDist += distRobofcTravelled[i];
avgDist = avgDist / ((float)NUMTIMES);

sprintf(tmp, "%s Avg. Dist Travelled:%f\n", mapFileName, avgDist);

avgFile.write(tmp, strlen(tmp));
logFile.write(tmp, strlen(tmp));

sprintf (tmp, "3s *=i».ii»«=sbin.B==iH«nr\nn, mapFileName);
avgFile.write(tmp, strlen(tmp));
sprintf (tmp, “%s ~==\n", mapFileName);
logFile.write(tmp, strlen(tmp));

// domain.hpp

»define
«define

»define
»define
»define
»define
»define
»define
»define

»define
»define
»define
»define
»define

»define
»define
»define
»define
»define
»define
»define
»define
»define
»define
»define

»define
»define

FALSE 0
TRUE IFALSE

GOAL *G*

START fs*

OBJECT *°X*
ADJ_TO_OBJECT “x*
MOBILE OBJECT *“Mf
CLEAR T .1

VERTEX *"V1

BITMASK_TOP (int)0x08
BITMASK_LEFT (int) Ox04
BITMASK_BOTTOM (int)0x02 —
BITMASK_RIGHT (int)0x01
BITMASK_CLEAR (int)0x00

FROM FRONT O
FROM BACK 1
FROM®" I EFT 2
FROM®*RIGHT 3
FROM >RONTRIGMT 4
FROM FRONTLEFT 5
FROM BACKRIGHT 6
FROM®BACKLEFT 7
FROM~UP 0O

FROM DCMN «
FROM_NOWHERF. 10

NOCOST (float)0.0
NORMAL (float)1.0

avg.millitm);

avg.millitm);

avg.millitm);

avg.millitm);

avg.millitm);



#define NORMAL_DIAG (float)1.414214
tfdefine BLOCKED (float)1000.0

typedef struct

loat dist;
int from;
char type;
float cost[9];
} POINT;

class Damain

public:
Domain(lnt, int, int, char*);
-DomainQ;
void AdvanceTime(void);
float CheckLine(int, int, int, int, int, int);
void DrawDomain(void);
int GetDomainLength(void) ( return(domainLength); ]
int GetDomainTimeSlicea(void) ( return(domainTimeSlices); }
int GetDomainWidth(void) { return(domainWidth); ]
POINT* GetPoint(int, int, int);
float GetPointCost(int, int, int, int);
char GetPointFrom(int, int, int);
char GetPointType(int, int, int);
int IsPointClear(int, int, int);
int IsPointGoal(int, int, int);
int IsPointNearObject(int, int, int);
int IsPointObject(int, int, int);
int IsPointStart(int, int, int);
int IsPointVertex(int, int, int);
float MoveRobot(int, int, int, int, int, int);
void SetPointFrom(int, int, int, int);
void SetPointType(int, int, int, char);
private:
void AgeTimeSlices(void);
int CalcRobotDir(int, int, int, t, int, int);
int ClearAdjPointOK(int, int, int);
void ClearMobileObject(int, int, int);
void ClearVerticesInTimeSlice(int);
void DrawTimeSlice(int);
void InitTimeSlice(int);
void MarkMobileObject(int, int, int);
void MoveMobileObject(OBJECT_NODE*);
void MoveMobileObjects(void);
void SetAdjObjsInTimeSlice(int);
void SetGoalFromFile(char*);
void SetMobileObjsFromFile(char*);
void SetPermObjsInTimeSlice(int);
void SetStartFromFile(char*);
void SetVerticesInTimeSlice(int);

ObjectList obilList;
POINT** domainHead;
int domainWidth;
int domainLength;
int domainTimeSlices;

// domain.cpp
~Ninclude <iostream.h>
~Ninclude <fstream.h>

~include <alloc*h> // for coueleftO
#include <stdio.h>

nclude <stdlib.h> // for itoa()
#include <string.h> // for strcpyO

~include <conio.h>
#include "object.hpp”
~Ninclude "domain.hpp™

Domain::Domain(int numTimeSlices, int width, int length, char*mapFileName)

int i;
cout « “Contructing Domain class\n";
domainTimeSlices = numTimeSlices;

domainWidth = width;
domainLength = length;

cout « "FreeHeap: * « farcoreleft (Q << "\n
cout « "Amount needed for one timeslice:
cout « width*length*sizeof(POINT) << "\n"



domalnHead » (POINT**)farcalloc(numTImeSlices, sizeof (POINT*e));

i£ (domalnHead - (POINT*<)NULL)
cout « "Not enough memory to build model of world\n";
domainHead = (POINT***)NULL;
domainTimeSlices - domainWidth » domainLength » O;
return;

for(i*=0; ICnumTimeSlices; i++)

domalnHead(i|] - (POINT*)farcalloc(width*lenqth, sizeof(POINT));
cout « "FreeHeap after timesllce allocated:” « farcoreleftl) « “\n"
if (domainHead]il - (POINT*)NULL)
if (i- 0)
cout « "Not enough memory to build model of world\n";
else
cout « “Only enough memory to build " « i « " of the
cout « numTimeSlices « ™ timeslices in model of world\
domainTimeSlices » 1i;
break;

InitTimeSlice(i);
SetPermObjsiInTImeSlice(l);

SetStartFromFlle(mapFileName);
SetGoalFromFile(mapFlleName);
SetMobileObjsFromFile(mapFileName);
£or(i~0; i<domainTimeSllce3; i++)

SetAdjoObjsiInTimeSllce(l);
SetVerticesInTImeSllce(i);

for(i»0; i<domainTimeSlices-1; i++)
AdvanceTIme(Q;
cout « "FreeHeap after Domain allocated:" « farcoreleftl) « "\n";

Domai :-DonainQ

POINT *tmp;

int i;

cout « "Destructing Domain class\n";

if (domainHead - (POINT**)NULL)
cout « “"Not freeing domain - DomainHead was NULIANn";
return;

Eor(1-0; KdomainTimeSlices; i++)

tmp = domainHead(i);
farfree(tmp);

farfree(domainHead);

domainHead = (POINT**)NULL;
cout << "FreeHeap after Domain deallocated:" << farcoreleftl) « "\n";
// ietchl);

void Domain::AdvanceTlme()
1
AgeTimeSlicesl);

// DrawDomalnO;
ClearVerticesInTimeSlice(domalnTimeSliees-1);
MoveMobileObjectsO

1 DrawDomalnO;

SetVertices InTimeSlice(domalnTimeSlices-1);

// DrawDomain(Q);

7//////III/////////////////////////////
// Copy the contents of every timesllce
// into the previous timesllce

/77 (0 - 11, @) - (2, etc.

// Leave the last timesiice unchanged.
// Another routine will decide the moves
Il for all the mobile objects.



1

Il A quick way to do this is moving ptrs
// to the timesiices and only copying the
Il contents of the last timealice over the
Il contents of the first timeslice

| . e e e
LEEELntimiuinrtiu it
void Domain::AgeTimeSHces Q

int 1, it

POINT *tmp;

tmp - domainHead[0];
forti-0, J-1; I<domainTimeSlices-1; i++, jt+)
domainHead!i) domainHead!j];
doffiainHead[domainTimeSlices-1| - trap;
iniRmcpy (domainHead [domainTimeSlices-il,
domainHead idomainTimeSlices-2],
sizeof (*domai nliead (domainTimeSlices-1))) ;

Int Domain::CalcRobotDir(int 3t, int sw, int si, int el, int ew, int el)
1
if ((!'IsPointStaxtlst, sw, si))
Il [IsPointGoal(at, sw, si)))
return(clear);

if ((ew - sw > 0)
ss (el - si > 0))

sw++, slt+;

if ((IsPointCleartst, sw, sl>)

Il (IsPointVertex (st, sw, si))

It (IsPointGoal(st, sw, sj)))
return(frontright);

else

| return (clear) ;
if ((ew - sw > 0)
is (el - si =- 0))

1

SWH+_ ]

if {(IsPointClear(3t, sw, s1l))
I (IsPointVertex(st, sw, si))
Il [IsPointGoal(st, sw, 31)))
return(right):
else
return(clear);

IT (lew - sw > 0)
ss (el - si < 0))
1
sw++, Si— ;
if ((IsPointClearfst, sw, si)}
I (IsPointVertex(st, sw, si)
tl (IsPointGoallst, sw, si))l
return(backright) ;
else
returnlclear);
1

if ((ew - sw <&@
ss (el - si '0)1
1
sl++;
it ((IsPointClearfst, sw, si))
Il (1sPolntVertoxfst, sw, si))
11 (IsPointGoallst, sw, si)))
return(front);
else
return (clear);
1

if ((ew = sw ———(» II silly, but just in case
ss (el - si - 0))

return(clear);
1

if (tew - sw *e 0)
ss tel - al < 0))

B -91



1
si— ;
if ((IsPointCleartst, sw, si})
Il (IsPointVertex(st, sw, si))
11 (IsPointGoal(st, sw, sI)Q
return(back);
else
return(clear);
1

If ((ew - sw < 0)

tt (el - si > 0))
1
sw— , Sl+"t-J
If ((IsPointCleartst, sw, si))
I (IsPolntVertexfst, sw, 31))
Il (IsPointGoal(st, sw, sl)>)

return(frontleft);

else

if ((ew - sw < 0)

«4 (el - si — 0))
t
sw— ;
if ((IsPointClearfst, sw, si))
Il (IsPolntVertex(st, sw, si))
Il (IsPointGoal(st, sw, si)))

return(left)!

return(clear);

else
return(clear);

if ((ew - sw < 0)
44 (el - si < 0))

sw*, Ssi—1J

if ((IspointClearlst, sw, si))

Il (IsPointVertex(st, 3w, si))

Il (IsPointGoal(st, sw, si)))
return(backleft);

else
return(clear);

1

return (clear) ;

float Domain: jCheckliine(int st, Int sw, int si, int et,

// static int displayCounter-1;
int tmpt, tmpw, tmpl;
float dist;

for(dist-0.il, tmpt»et-st, Lropw-ew-sw, tmpl-el-sl;
(tmpt 1-0) Il (tropw 1« 0) 11 (tmpl 1!« 0);
tmpt-et-st, tmpw-ew-sw, tmpl-el-si)
1
if (tmpt < 0)
1
return(-1.0);
1
if ((tmpw > 0)
4« (tmpl > 0))
1

dist i” GetPointCost(st, sw++, sl++,

If (('IsPointClearlst, sw, si))

int ew,

int el)

frontright);

Si {(at IK*nt) 11 taw I1- 9W|] 11 (si !-el)))

return(-1.0);
continue;

1
if ((tmpw > 0)
i< (tmpl -- 01)

dist *e GetPointCost(st, sw+i-, si, right);
If ((UsPointClear (at, aw, si))

(S (Ist 1“ et) NI (sw !=ew] 11 (si !-el)))

return (-1.0) ;
continue;
1
if ((tmpw > 0)
45 (L.»pl < 0)1

B - 92
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int Domain

dist += GetPointCost(at, sw++, si-— , backright);
if ((!'lsPointClear(st, sw, si))
ss ((st Pmet) || (sw !'=ew) I (si 1= el)))
return(-1.0) |
continue;
1
if ((tmpw < 0)
ss (tmpl > 0))
dist += GetPointCost(st, sw- , sl++, frontleft);
if ((MlIsPointClear(st, sw, si))
ss ((st !- et) I (sw 1= ew) II (si 1= el)))
return(-1.0);
continue;
1
if ((tmpw < 0)
ss (tmpl -= 0))
1
dist += GetPointCost(st, sw-— si, left);
if ((l1sPointClear(st, sw, si))
SS ((st 1=et) I (sw != ew) || (si != el)))
return(-1.0);
continue;
1
if ((tmpw < 0)
is (tmpl < 0))
1
dist +- GetPointCost(st, sw-— , si- , backleft);
if ((UaPointClsar (st, sw, si))
Si ((st 1= et) 11 (sw !- ew) 11 (al !- el)>)
return(-1.0);
continue; |
if ((tmpw — 0)
Si  (tmpl > 0})
1
di3t +- GetPointCost (at, sw, slti-, front);
if <('laPointCleai(at, sw, si))
ss ((st 1-et) 11 (sw !I- ew) Il (si !- el)))
return(-1.0) I
continue;
if ((tmpw - 0)
is (tmpl < 0))
dist +- GetPointCost(at, sw, si-— , back);
if ((lIsPointClear(st, sw, si))
SS ((st 1- et) || (sw I- ew) Il (si !- el)))
return (-1.0);
continue;
if ((tmpw - 0)
ss (tmpl - 0)
ss (tmpt >0))
1
diat GetPointCost(st++, sw, si, up);
if ((ilsPointClear(at, sw, si))
is ((at - et) 1 (awl- ew) I (si I- el)))

return(-1.0);
continue;
1

1
cout « "Cheekiane:" «

return(diat);
1

displsyCounter++ «

:XClearAdj PointOK( int t, int w, int 1)
char type;
int a,b;

for(a=w-1;a<=w+lta++)
1
if (@< 0 11 (a>» domainWidth))
continue;
fe>r(b—u—lfb<—lHibt+)

returned” « dist «

I-f ((b < 0 11 (b > rjomainLenqgtli) )

continue;
If (@ -- w> ss (b —
continue;

)

»\n";



type - GetPointType(t, a, b);
if ((type =« OBJECT)
1l (type — MOBII,E_OBJECT) )
I return(FALSE);

return(TRUE);

void Domain: :ClearMobileOb;ject(int t, int w, int 1)
Int i, j;
if (Getli’ointType(t, w, 1) — MOBILE_OBJECT)

if (ClearAdjPointOK(t, w, 1))

SetPointTypelt, W, 1, CLEAR);
SetPointFrom(t, w, 1, FROMNOWHERE);
else
SetPointTypelt, w, 1, ADJ_TO_OBJECT);
SetPolntFromft, w, 1, FROM_NOWHERE) ;
for(i”W—II, Jj-1-1; j<1+2;)
if ((GetPointType(t, i, j) — ADJ_TO_OBJECT)

is (ClearAdjpointOK(t, i, j)))

SetPointType(t, i, j, CLEAR);
SetPointFrom(t, i, j, FROM_NOWHERE);

it (- wel)

- w-1;

++

—_

T4

void Domain::CleaxVerticesInTimeSlice(int ©)
int w, 1I;
for(w=0; vKdomainWidth; w++)
for(1“0; KdomalnLenqgth; 1*+)
if (GetPointType(t, w, 1) — VERTEX)
SetPointFrom(t, w, 1, FROM NOWHERE);

SetPointTypelt, w, 1, CLEAR);
continue;

if (GetPointType(t, w, i) =- MOBILE_OBJECT)

ClearMohileObjectlt, w, 1);

void Domain::DrawDomainQ
int i;
for (i“0; i< domainTimeSlices; i++)

DrawTimeSiice(i);
// cietcho;

void Domain::DrawTimeSlice(int timeSlice)

char type;



int a,b,y;

clrscroO ;
gotoxyd, 1)
cout « "time=t+" « timeSlice;

for(b«0, y=-2;b<domainLength; b++, y++)

gotoxyd, y);
for(a”0; a<domainWidth; a++)

type » GetPointTypeltimeSllce, a, b);
switch(type)

case GOAL:
case START:
case ADJ_TO_OBJECT:
case OBJECT:
case MOBILE_OBJECT:
case VERTEX:
cout « type;
break;
case CLEAR:
switch(GetPointFrom(timeSlice, a, b))

case FROM_RIGHT:
cout « "R";
break;

ca3e FROM_I,EFT:
cout « "L";
break;

case FROMUP:
cout « U
break;

case FROMDOWN:
cout « "D";
break;

case FROM_FRONT:
cout « "F";
break;

case FROMBACK:
cout « "8";
break;

case FROMBACKLEFT:
cout « T
break;

case FROMBACKRIGHT:
cout « Ut
break;

case FROM_FRONTLEFT:
cout « VA
break;

case FROM_FRONTRIGHT:
cout << ' H
break;

case FROM NOWHERE:

default:
cout « "
break ;

break;
default:

cout « ra

break;

cout « "\n";

::GetPoint(Int timeSlice, int width, int length)

POINT* Domai
POINT *tmp, etmp2;
tmp = domainHead(timeSlice];

tmp2 « tmp + (flomainWidth*width) t length;
return(tmp2);

float Domain::GetFolntCost(int timeSlice, int width, int length, int dir)

POINT *tmp;



- GetPoint(timeSlice, width, length);
return(tmp->cost[dir]);

char_ Domain::GetPointFrom(int timeSlice, int width, int

POINT *tmp;

- GetPoint(timeSlice, width, length);
return(tmp->from);

char Domain::GetrointTypc(int timeSlice, int width, int

POINT *tmp;

tmp - GetPoint(timeSlice, width, length);
return(tmp->type);

void Domain::InitTimeSlice(int timesllce)

POINT*tmp;

int a,b;

Cor (a"-0;a<domainWidth;a++)

for (ta-£J;b<domainLength;b++)

tmp = GetPoint(timeSlice, a, b);
tmp->dist-0.0;
tmp->f rom=FROM_NCMHERE ;
tmp->type-CLEAR;

if (timeSlice -- domainTimeSllces-1)
tmp->cost (FROM UP] - BLOCKED;
else
t;mp->cost FFROMUP] ™ NORMAL;
If (@ - 0 SS (b - 0)

tmp->cost[FPJOM_FRONTRIGHT]

length)

Inngth)

NORMAL_DIAG;

tmp->co3t [FROM_RIGHT] - NORMAL;

tmp->e0at [FROMI3AEKRIGHT] -

BLOCKED;

tmp->co3t [FROMBACK) - SLOCKED;

tmp->co:st [FROM BACKLEFT) -

BLOCKED;

tmp->CO3t[FROM_LEFT] - BILKED;

trnp->cost[FROM_FRONTLEFT] -

BLOCKED;

tmp-SCO. It [FROM _FRONT] - NORMAL;

continue;

if ((a — 0) is (b < domainLength-1))

tmp->cost(FROM_FRONTRIGHT]

NORMAL DIAG;

tmp->cost(FROM_RIQHT] = NORMAL;

tmp->cost (FROM_BACKRIGHT] -

NORMALDIAG;

1.mp->co3t [FRCM BACK] - NORMAL;

tmp->cost[FROM_BACKLEFT] - BLOCKED;
tmp->cost[FROM_LEFT] - BLOCKED;
tmp->cO3t[FROM_FRONTLEFTI - BLOCKED;

tmp->cost[FROM FRONT) - NORMAL;

continue;

if ((a ] 0) SS (b=domainLength-1) 1

ttnp-5-cosf. [FROMFRONTRIGHTJ

BLOCKED;

tmp->cost[FROM RIGHT] - NORMAL;

tmp->cost(FROM BACKRIGHTI -

NORMAL DIAG;

tmp->cost [FROM_BACK] - NORMAL;

tmp->co3t|FROM_BACKLEFT] -

BLOCKED;

tmp->co31 (FROM_LEFT] = BLOCKED;

tmp->00st(FKOM_FRONTLEFT] - BLOCKED;
tmp->co3t(FROM_FRONT| - BLOCKED;
continue;

if ((a < domainwtdth-1) ss (b ™ 0))

Imp->c031 [FROM FRONTRIGF[T1 -

NORMALDIAG;

tmp->Cost[FROM RIGHT] - NORMAL;

tmp->cost[FROM_BACKRIGHT] -

BLOCKED;

tmp->cost[FROMBACKI - BLOCKED;



tmp->cost(FROM_BACKLEFT] = BLOCKED;

tmp->coat(FROM_LEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] = NORMAL_DIAG;
tmp->cost[FROM_FRONT] = NORMAL;

continue;

if ((a < domainLength-1) Si (b < domainWidth-1))

tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = NORMAL_DIAG?
tmp->cost[FROM_BACK] = NORMAL;
tmp->cost[FROM_BACKLEFT] = NORMAL_DIAG;
tmp->cost[FROM_LEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] = NORMAL_DIAG?
tmp->cost[FROM_FRONT] = NORMAL;

continue;

if ((@a < domainWidth-1) is (b == domainLength-1))
tmp->cost[FROM_FRONTRIGHT] = BLOCKED;
tmp->cost[FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_BACK] = NORMAL;
tmp->cost[FROM_BACKLEFT] = NORMAL_DIAG;
tmp->cost[FROM_LEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] = BLOCKED?
tmp->cost[FROM_FRONT] = BLOCKED;

continue;

if ((a == domainWidth-1) £& (b == 0))
tmp->cost[FROM_FRONTRIGHT] = BLOCKED;
tmp->cost[FROM_RIGHT] = BLOCKED?
tmp->cost[FROM_BACKRIGHT] = BLOCKED;
tmp->cost[FROM_BACK] = BLOCKED;
tmp->cost[FROM_BACKLEFT] = BLOCKED;
tmp->cost[FROM_LEFT] = NORMAL?
tmp->cost[FROM_FRONTLEFT] = NORMAL_DIAG?

tmp->cost[FROM_FRONT] = NORMAL;
continue;

if ((@a “ domainWidth-1) &% {b < domainWidth-1))

tmp->cost[FROM_FRONTRIGHT] = BLOCKED?
tmp->cost[FROM_RIGHT] = BLOCKED?
tmp->cost[FROM_BACKRIGHT] = BLOCKED?
tmp->cost[FROM_BACK] = NORMAL?
tmp->cost[FROM_BACKLEFT] = NORMAL_DIAG?
trap->cost [FROM_LEFT] = NORMAL?
tmp->cost[FROM_FRONTLEFTJ = NORMAL_DIAG?
tmp->cost[FROM_FRONT] = NORMAL?

continue;

if ((a == domainLength-1) (b == domainWidth-1))
tmp->cost[FROM_FRONTRIGHT] = BLOCKED?
tmp->cost[FROM_RIGHT] = BLOCKED?
trap->cost[FROM_BACKRIGHT] = BLOCKED?
tmp->cost[FROM_BACK] = NORMAL?
tmp->cost[FROM BACKLEFT] = NORMAL_DIAG;
tmp->coat[FROM_LEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] = BLOCKED;
tmp->cost[FROM_FRONT] = BLOCKED;

continue;

int Domain::IsPointClear(int t, int w, int 1)

if w < 0
il d<o’
1 (t < 0

Il (w >= domainWidth)

I (@ >= domainLength)

Il (£t >= domainTimeSlicea))
return(FALSE);

switch(GetPointType(t, w, 1))

case CLEAR:



return(TRUE);
default:
| return (FALSE) ;

Int Domain::IsPointGoal(int t, int w, int 1)

if w < 0
il {'<9’
1 (t < 0)

Il (w >» domainWidth)

11 (1 >- domainLength)

Il (t >~ domainTimeSlices))
return(FALSE)>

switch(GetPointTypo(t, w, 1))

case GOAL:
return(TRUE);

default:

I return(FALSE);

int Domain::IsPointNearObject(int t, int w, int

i <w < 0

il @<y’

1 (t < 0)

I (w >m domainWidth)

Il (1 >= domainLength)

11 (t > domainTimeSlices))
return(TRUE);

switch(GetPolntType(t, w, 1))

case OBJECT:
return(OBJECT);

case MOBILE_OBJECT:
return(MOBILE_OBJECT);

case ADJ_TO_OBJECT:
return(ADJ_TO_OBJECT);

default:

| return(FALSE);

int Domain::IsPointOb~ject(int t, int w, int 1)

if w < O

i {'<q’

1 (t < 0)

Il (w >» domainWidth)

11 (@ >~ domainLength)

I (t >- domainTimeSlices))
return(TRUE);

swltch(GetPointType(t, w, 1))

case OBJECT:
return(OBJECT);

case MOBILE_OBJECT:
return(MOBILE OBJECT);

case ADJ_TO_OBJECT:

default:

| return(FALSE);

int Domain::IsPolntStart(int t, Int w, int 1)

if w < _0)
&
<
Il (w >= domainWidth)
11 (1 >« domainLength)
Il (t >- domainTimeSlices))
return(FALSE);
switch(GetPointTypeft, w, 1))



|

case START:
return(TRUE);

default:

1 return(FALSE);

Int Domain::IsPointVertex(int t, Int w, int 1)

i(f w < _0)

il {'<d

1 (t <o

1] (w >- domainWidth)

Il (1 >~ domainLength)

Il (t >- domainTimeSlices))
return(FALSE);

switch(SetPointTypelt, w, 1))

case VERTEX:

return (TRUE) ;
default:
1 return(FALSE) ;

void Domain::MarfcMobileObject(int t, int w, int 1)

int i, j;
if ((GetPointType(t, w, 1) — CLEAR)
Il (GetPointTypeft, w, 1) — ADJ_TOjDBJECT))

SetPointTypelt, w, 1, MOBILE OBJECT);
SetPointFromit, w, 1, FROMNOWHERE);

for(i®w—|l , 3-1-1; j<l+2:)

ii (GetP(iintType(t, 1, 3) - CLEAR)

SetPointTypelt, i, j, ADJJTO0J3BJECT) ;
SetPointFrom(t, i, j, FROMNOWHERE);
if fi =- w+1l)
i =w-1;

i++;

void Domain::MoveMobileObject(OBJECT NODE “object)

int t-domainTImeSlicea-1, w-(“object).w, 1-(+object).1;

CiearMobileObject(t, w, 1);
switch! f‘object).direction)

case front!
if (IsEointObject(t, w, 1+1))

(‘object).direction - rand()

el se
(eobject).1+f;
break;
case frontieft:
if 1lrsPointObject(t, w-1, 1+1)1

else

(“‘object) .direction - rand(Q)

(=object).1++, (»object).w—

break;
case loft:
if (IsPointObject(t, w-1, 1))

(=object).direction - randl)

else
{“object).w--;
break;
case backleft:
if (I13PointObject(t, w-1, 1-1))

(¢object).direction - rand(Q)



else
(“object).w- ,

(“object).1- ;

break;
case back:
if (13PointObject(t, w, 1-1))
(»object)-direction - rand() 1 NUMDIRS!
else
{“object).t— ;
break;
ease backriaht:
if (IsPointQbject(t, w+l, 1-1))
(eobject).direction - rand() % NUMDIRS!
else
(“object).w++, (“‘object).l- ;
break!
case right:
if (IsPolntObject(t, w+1l, 1))
(“object).direction - rand() \ NUMDIRS;
else
(eobject) .w++;
break;
case Erontright:
if (tsPointObject(t, w+l, 1+1))
(¢object) . direction - cand() * NUM_DIRSi
else
(eobject) .w++, (“object),l++;
break;
default:
cout « "** unknown direction for mobile object ignored
break;
MarkMobileobject(t, object->w, object->1);
void Domain::MoveMobileObjects(Q
OBJECT_NODE*cur, *orig;
orig - cur - objList.GetNextObject();
if (cur — (OBJECT_NODE*) NULL)
return;
do .
|
if ((*cur).velocity > 0)
MoveMobileObject(cur);
cur “ objList.GetNextObject();
| 1 while (cut 1= orig) ;
float ttomain::MoveRobot(int st, int sw, Int si, Int et, int ew, Int el)
fioat dist - 0.0;
int dir;
if (!lsPointStart(st, sw, si))
returti(dist) ;
dir - GalcRobotDir(st, sw, si, et, ew, el);
SetPointTypefst, sw, si, CLEAR);
SetPolntFremfst, sw, si, FRGM_NOWHERE):
switch(dir)
case frontright:
dist - GetPointCost 1st, sw, si, rrontrfght);
st++, sw++, sl++!
if (('lsPointClear(st, sw, si))
ss (!lsPointVertex(at, sw, si))
ss (ilsPointGoal(st, sw, si)))
st", SwW , si--i
dlist - 0.0;
break;
case right:
disfc « GetPointCost(at, sw, si, right);
st++, sw++;
it ((ilsPointClear(st, sw, si))
st (!lIsPointVertex(st, sw, si))
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it (lIsPointGoal(st, sw, si)))

st— , sw— ;
dist - 0.0;

break;

case backright:
dist « GetPointCost(st, sw, si,
st*+, sw+t, si-— ;
if ((ilsPointClear(st, sw, si))
Si  (11sPointVertex(3t, sw, sl))
it (113PointGoal(3t, sw, si)))

st— , sw— , sl++;
dist - 0.0;

break;

ca3e frontleft:
dist <« GetPointCost(st, sw, si,
st++, sw— , sl+t;
if (('lsPointClear(st, sw, si))
it ((1sPointVertex(st, sw, si))
it (ilsPointGoal(st, sw, si)))

st— , sw+t, si-— ;
dist - 0.0;

break;

case left:
dist - GetPointCost(st, sw, si,
st++, sw— ;
if ((ilsPointCleartst, sw, si))
a (ilsPointVertex(st, sw, si))
it (Y1sPointGoal(st, sw, si)))

st , SwWt+J
dist ” 0.0;

break;

case backleft:
dist - GetPointCost(st, sw, si,
st++, sw— , si-— ;
if ((ilsPointCleartst, sw, si))
it (ilsPointVertex(st, sw, si))
ti (l1sPointGoal(st, 3w, si)))

st— , swf+, sl++;
dist - 0.0;

break;

case front:
dist = GetPointCost(st, sw, si,
st++, slt+;
if ((ilsPointCleartst, sw, si))
a ('IsPointVertex(st, sw, si))
a (CilsPointGoal(st, sw, si)))

3t- , sl- ;
dist - 0.0;

break;

ca3e back:
dist - GetPointCost(st, sw, sl,
3t++, 31— ;
If ((!'lIsPointClear(st, sw, sl))
ti (!'lIsPointVertex(st, sw, sl))
ti (ilsPointGoal(st, sw, sl)))

st— , sl+f;
dist - 0.0;

break;

case up:
dist » GetPointCost(st, sw, sl,
sSt++;
if ((11sPointClear(3t, sw, si))
it (!'lIsPointVertex(st, sw, sl))
is (llsPointGoal(st, sw, sl)))

st— ;
ﬁl3t - 0.0;
break;
default:

B-

backright);
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break;

|
SetPointTypelst, sw, sl, START);
SetPointFrom(st, sw, sl, FROMNOWHERE);
return(dist);

void Domain::SetAdjoObjsInTimeSlice(int timeSlice)

int a,b;
int w, 1;

for(w»0; vKdomainWldth; wt+)
t
for(1-0; KdomainLength; 1++)

if (1l1sPointObject(timeSlice, w, 1))
continue;

for(a-w-1; a<-wH; a++)
if (@ <0 |I (a>» domainWidth))
continue;

for(b”1-1; bol+1; b++)

if (fb < 0) I (b >- domainLength))
continue;

if (GetPointType(timeSlice, a, b) — CLEAR)

SetPointFrom(timeSlice, a, , FROM_NOWHERE) !
SetPointType(timeSlice, a, b, ADJ_TO_OBJECT) ;

o

void Domain::SetGoalFromFile(char*fileName)

Int i, w, 1;

char recType;
Char tmp (256];
fstream dataFi

e;
dataFile.open(fileName, ios::in)j
If (ldataFile)
cout << "Unable to open " << flleName « ". No Goal added. \n";

for (5)

datafile. getllne(tmp, sizeof(tmp));

if (strlen(tmp) - 0)
break;
if (tmpf0| -- GOAL)
// cout m< "The GOAL line is: " « tmp  « ”\n";
if (sscanfltmp, "lcldld”, «recType, sw, sl) - 3)

for{i—o; KdomainTimeSlices; i++)

SetPointFromli, w, 1, FROM_NOWHF.RE);
SetPoinLTyped, w, 1, GOAL);

break;
else
1
I

dataFlle.closel);

cout « "Improperly formatted line ignored\n

void Domain: :Set.Mobi leObisFromFi le (chat4fileName)

int w, 1;

char recType;

char tmp[256];
fstream dataFile;
OBJECT NODE* nawob-j ;



dataFile.open(fileName,
if (jdataFile)

ios::in);

cout « "Unable to open " « fileName « ”
forG ) |
int i;
dataFile. getline(tmp, sizeof(tmp));
i » strlen(tmp);
if (i <- 0)
break;
cout « “"Length of input line is: " « i«
if ((tmp[01 1- GOAL)
ss (tmpfOJ i- START))
// cout « “OBJECT line is: " « tmp «
“"tctdtd”, srecType,

if (ssc?nf(tmp,

SetPointFrom(domainTimeSlices-1, w, 1,
SetPointType(domainTimeSlices-1, w, 1,
- objList.BuildNewObject(w, 1);

newObj
if (newobj)

No Mobile objs added.\n"

“\n";

“\n"j

sw, sl) -- 3)

FROM_NOWHERE) ;
MOBILEOBJECT) ;

objList.InsertNewObject(newObj);

// cout «

else
cout «

dataFile.closed ;

void Domain::SetPermObjsInTimeSlice(int timeSlice)

int w, 1;

"Added obj to obj

“Improperly formatted

list\n";

line ignored\n";

forW~0; w<domainWidth-5; w++)
1 2;
switch(w
case 3:
case 4:
case b5:
break;
default:
SetPointFrom(timeSlice, w, 1, FROM_NCWHERE):
SetPointType(timeSlice, w, 1, OBJECT);
// Set.AdjObjsInTimeSlice(timeSlice, w, 1);
I break;
for(w=0; w<domainWidth-10; wtt)
1-7;
SetPointFromltImeSlice, w, 1, FROM NOWHERE)
SetPointType(timeSlice, w, 1, OBJECT);
// SetAdjObJsInTimeSliceltimeSlice, w, 1);
for(1-0, w*domainWidth-10; I<domainLenqth-2; 1++)
swi tch ()
case 3:
case 4:
case 5:
case 6:
case 14:
case 15:
case 16:
break;
default:
SetPointfrom(timeslice, w, 1, FROM NOWHERE);
SetPointType(timeSLice, w, 1, OBJECT);
// SetAdjoObjsiInTlraeSlicettimeSlice, w, 1)j
I break;
for(1=2, w-domainWldth-S; I<domainLength-7; 1+4)
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//

//

/7

éwitch{lﬂ
ease 9

ease 10:

case 11:
break;

default:
SlitPoint-From (timeS lice, w.
SetPointTypeftimeslice, w,

I, FROMNCWHERE) ;

1,

OBJECT);

SetAdjObjsiInTimeSlice(timeSlice, w, 1);

break;

for (w*domainWidth-5, 1"domainLength-V ; w<domai»Width; wJ-)

CetPointFrom (times!ice, w, 1, FROMJJWHERF,) ;

SetPointTypettimeSlice, w, 1, OBJECT);
SetAdjObjsintimeSlice(tiraeSliee, w, 1);

for (w*=domainwidth-10, 1-domalnLength-2; w<domainWidth; w++)

SetPointFrom(timeSlice, w, 1, FRCM NCWHERE);

SetPointTypeltimes lice, w, 1, OBJECT);
SetAdjObjsiInTimeSlice(timeSlice, W, 1);

void Domain::SetPointFrom(int timeSlice, int width, int

POINT *tmp;

if ((width < 0)

(1 (length < 0)

Il (timeSlice < 0)

11 (width >- domainWidth)

1j (length >= domainlength)

Il (timeSlice >« domainTimeSlices))
return;

tmp " 6etPotnt(tlmeSHce, width, length);

trop->from » from;

void Domain::SetPointType(lnt timeSlice, int width, int

1
char oldType;
POINT *tmp;

if ((width < 0)
Il (length < 0)
1l (timeSlice < 0)
11 (width > domainWidth)
Il (length > domainLength)
I (timeSlice domainiimt?Sl ices))
return;
tmp - GetPolnt(timeSlice, width, length);
oldType o tmp~>type;
tmp->type - type;
if (oldType !« OBJECT)
1
SetAdjGbisInlIme.SlicettimaSlice, width,

)

void Domain::SetStartFromFiIe(Char-fileName)

intw, 1;

char recType;
char tmp[256];
[3tream dataFile;

dataFile.open!ClInName, ios::in);
if (ldataFl le)
cout « "Unable to open " « fileName «

for(Gs)
|

dataFile. getline(tmp< sizeof(tmp));

if (3trlen(tmp) 0)
break ;
1 (tmpﬁol — START)

length, int from)

length, char type)

length);

No Start added.\n”
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// cout « "The START line is: << tmp « “\n";
if (sscanf(tmp, "%chdid"", trecType, sw, ¢1) «e» 3)
Tt
SetPointFromtdomainTimeSlices-1, w, 1, FROM NCWHERE) ;
SetPointTypetdomainTLmeSllces-1, w, 1, START);
reak;

else
cout << "Improperly formatted line Ignored\n":

dataFile.clo3e();

void Domain::SeLVeiticesInTimeSlice(int t)
1
Int w, 1j
int diff_counter, cotner_counter;
int sidebits, corner_bits;

lor W-0; w<domainWidth; w++)

for (1= IcdomainLength; 1++)

t
if (!'lsPointClear(t, w, 1))
continue;

corner bits - BITMASKCLEAR;

corner_counter - 0;

i£ (13PointNeaiObject(t, w-1, 1-1))
1
cornerbits I- 81TMJVSK_1EFT;
corner_bits 1» BITMASKTOPj
corner_counter*<j

f (IsPoinlINearObjectft, w-1, 1*1))

corner_bits != BITMASKLEFT;
cornerbits 1= BITMASKBOTTOM;
cornercounter**;
1

(IsPoinLNearObjoct(t, wtl, 1*1))

5

corner bits I1- BITMASK RIGHT;
cornerbits 1- BITMASK_BOTTOM;
cornor~counter*+;

if (IsPolntHearObJectlt, wtl, 1-1))

corner_bits 1- BITMASK RIGHT;

corner bits I- BITMASK TOP;

corner counter> >;

1

if (corner,bits "™ ptmask_clear)

1

side bits - BITMASK CIl.EAR;

if (IsPointNearObject(t, w~1, 1))
side bits 1- SITMASK" LErr;

it (IsPolntNea[Object(t, w, 1-1))
side_bits 1- BITMASKTOPj

if (IsPolntNearObject(t, wtl, 1))

side bits I- BITMASKRIGHT;
if (IspointNearObiect(t, w, HI))
sidebits 1- BITMASKBOTTOM;

for (dIffcoiinter-0;
(sidebits !- BITMASK CLEAR)
1l (corner bits 1- BITMASK_CLEAR);
side bits >>» 1, corner blt3 »- 1)

f ((corner_bita * tint)0x01)

i ((3ide bit3 * (int)Oox0l) 1» (cotnorbits i (Int)ox0l)))
1
diif counter**;
continue;

A -

1
t ((side bits f (int)oxol)
s4 ((side bits s (int)0ox0l) (cornerbits t (Int) 0x01)))
1
difl counter**;
continue;
1



1t ((diff counter > 2)

Il ((dlif counter «- 2) <s (corner_counter «m

SetPointFrom(t, w, 1,
SetPointTypeft, w, 1,

Il edge.hpp
typedef struct van

int t,w, I;

float dist;

struct van *prev, ‘next;
I EDGE_NODF. ;

class Edgelist
1
publlc:
EdgeListQ ;
-EdgeListQ;
EDGENODE* BuildNewEdqe(int, int, int, float);
void DelEdge (EDGE_NODE*);
void DelEdgeToVertex(int, int, int);
EDGENODE* GetFirstEdge(void);
EDGB_NODE* GetNex tEdge(EDGE MODE*);
void In3ertNewEdge(EDGE NODE™*);
void Li3tAllEdges(void);
private:
EDGE_NODE “edgeHead;

// edge.cpp

linclude <iostream.h>

(include <alloc.li> // for coreleft(Q
linciude <stdlib.h> // for itoa()
»include <string.h> Il for strcpyf)
einclude "edge.hpp"

EdgeLisi::EdgeList()

edgeHead - (EDGENODE*)NULL;
// cout « "EdgeList Constructor””;

EdgeList::-EdgeList(Q

while (edgeHead !- (EDGE NODE*I HULL)
Del Edge(edgeHead);
It cout « “EdgelList Destructor\n";

tROMMCWHERE) ;
VERTEX) ;

EDGENODE* EdgelList::BuildNewEdge(int t, int w, int 1, float dist)

EDGENODE *a;

77 if (otherVertex !- (vold*)NULL)
a - (EDGE NODE*)malioclnizeof(EDGE NODE));
it (a (EDGE_NODE*)NULL)

cout « "out of Memory in BuildNewEdgeO \n";

exit(0);

ta) .t - t;

n) .woow;

Ca) .1 - I3

(*a).dist - dist;

(=a).prev - (*a).next - (EDGE NODE*)HULL;
return(a);

return((EDGE NODE*)MULL);

void EdgeList::DelEdqe(EDGE NODE*a)

EDGE NODE"tmp;
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/7 cout «
if (@ 1y

"edae 0\n”;
(EDGENODE*)NULL)

if ((a->prev — (EDGENODE*)NULL) Il del 1last remaining edge
st (a->next — (EDGE NODE*(NULL))
// cout « “edge I\n";
free(a)
edgellead = (EDGENODE*)NULL;
retucn;
if 1(a->prev !- (EDGENODE™*)HULL) U del edge in middle
is (3->next i« (EDGE_NODE*)NULL))
/n/ cout « "edge 2\n";
tmp ® a->prev;
tmp->next - a->next;
trap “ a->next;
trap->prev - a->prev;
Tree(a);
return;
t
it ((a->prav — (EDGEMODE*)NULL) // del edge at sol
si (a->next 1= (EDGENODE®JNULL))
// cout « “edge 3\n";
tmp - a->next;
t.rop->prev - (EDGE_NODE*)NULL;
edgeHead = tinp;
tree (a);
return;
if {(a->prev 1= (EDGE NODE*)NULL) Il del edge at eol
f.s (a->next -= (EDGE NODE *)NULL))
V24 cout « “"edge A\n":
trap * a->prev;
tmp->next - (EDGE_NODE*)NULL;
free(a);
return;
void EdgleList::DelEdgeToVertex(int t, ini w, Int 1)
EDGE_NODE *tmp ;
for(tmp - GetFirstEdge!); Imp !* (EDGEJIODE*)HULL; tmp - GetNextEdge(tmp))
ijgf (itmp->t - ©

st (tmp->w - w)
st (tmpnr>t -+ Ii)

DelEdge(tmp);
break;

EDGE NODE* EdgelList::GetFirstEdge! Q

Tturn(edgeHeady
EDGENODE* Edgelist:jGetNextEdge(EDGE NODE-cur)

return (cur--"next) ;

void EdieList::InsertNewEdge(EDGE NODE “edge)
EDGE NODE *cu £;

if (edge -= (EDGE NODE*)NULL)
return;

if (edgeIzHead - (EDGE NODE*)NULL)
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——

for(cur=edgeHead;

cout
cout

cout
cout
cout

«

«

«

edgeHead m edge;

edge->prev - edge->next *» (EDGEHODE*)NULL;

« edge->1 «

cout « “Inserted edge into empty list “;
cout « " (" « edge->t « " « edge->w « ","
cout « "DIst - " « edge->dist « "\n";
return;
cur 1w (EDGE_NODE*“)HULL; cur«(*cur) .next)

if ( (edge->t > cur->t)
Il ((edge->t -- cur->t)
s£ (edge->w > cur->w))

11 ((edge->t *” cur->t)
it (edge->w — cur->w)
it (edge->1 > cur->11) )
| // insert after cur
it (cur->next - (EDGENODE")NULL)
edgo->next - (EDGE_NODB*)NULL;// no more so append to eol
edge->prev - cur;
cur->next - edge;
reak;
else
continue; // try next one
1
if ( (edge->t < cur->t)
11 ((edge->t -- cur->t)
it (edge->w < cur->w))
11 ((edge->t < cur->t)
it (edge->w - cur->w)
it (edge->1 < cur->1)) )
1 // insert before cur
if (cur->prev = (EDGE_NODE*)NULL)
edge->prev - (EDGE NODEMNULL; // at start of list
edge->next < cur;
cur->prev - edge;
edgeHead - edge;
ﬁreak;
else
1
edge->prev - cur->prev; Il in middle/end of list
edge->next - cur;
cur->prev = edge;
cur » edge->prev;
cur->next - edge;
break;
1
1
if ( (edge->t - cur->t)
ti (edge->w — cur->w)
a (edge->1 — cur->1) )
1
/* already here - replace it ! '/
cout « "Already here - replacing values and disposing of new edge
" ("« edge->t « "L," o« edge-Tw « « edge->1 « ™). ™
"Di3dt - " « edge-xlist « “\n";
cur->w - edge->w;
cur->1 - odge->1;
cur->dist - edge->dlIst;
free(edge);
break;
1
"Inserted edge into list ";
" ("« edue->t « « edge->w « "," « edge->1 « ). ";
"Dist - 7 « edge->dist « "\n";

void BdieList::l.istAUEdges (0]

EDGENODE “edge;
for(odge " odgellead; edqe 1= (BDGE_NOPE*)NULL;
cout « "Edge to <";
cout « (“edge) .t «
cout « (*edge) .w «
cout « (*edgo).l « 7). Dist is " « ("edge) .dist «

edge =

(*edge) .next)

“\n";



cout « ‘m An*™

// object.hpp
(define FALSE O
(define TRUE iFALSE

(define GOAL °G~

(define START =S~

(define OBJECT X~
(define ADJ_TO_OBJECT
(define MOBILE OBJECT “M"
(define CLEAR -

(define VERTEX “V

(define NUMDtRS 1 /* this is the 8 horizontal directions; (0->1)
enum directions 1 front, back, left, right, frontright, frontleft,

typedef struct o

Int direction, velocity;
int w, In

struct o *prev, “‘next;

1 OBJECT NODE;

class ObjectList

public:
ObjectList!)
-ObjectList Q ;
OBJECT NODE* BuildNewobject(int, int);
void DelAllObjects(void);
void DelObject(OBJECT_NODE*>;
OBJECT_MOt)E* GetNextObj ect; {void);
void insertNewobject(OBJECTNODE™*);
void L1stAllObjects(void);
private:
OBJECTNODE *objectHead;

// object.cpp
(include <loatream.h>

(include <alloc.h> // for coreleftl)
(include <stdlib.h> // for itoat)
(include <string.h> // for strcpyl)

// (Include ~vdae.hpp™
(include "object.hpp™

ObjectList::0bjectLIstQ

objectHead ™ (OBJECTNODE*)NULL;
cout « "ObjectList Construetor\n";

ObjectList::~ObiectList(Q

cout << "ObjectList DestructorNn”;
DelAllObjects(Q;
Tt

OBJECT NODE* ObjectList::BuildNewObject<int w, int 1)

OBJECT NODE “nnwl"tr;

newPtr - (OBJECT NODE *Ima Iloc (:ilzooE(OBJECTNODE)) ;
If (neuPtr — (OBJECT_NODE*)NULL)

cout « "Oout of memory in BuiidN~wObjectl)\n";
return(NULL);

(=neWPtt).direction - rand(Q i NUM DIRS;
(*nswPtr).velocity = 1I;

(‘newPtr) prev - {“newPtr).next (OBJECT NODE*) NULL;
CnewPtr) ,w « w;

jenewFtrl.1 - 1;

return(newl’tr);

*/
backright,

backleft,

up,

down,

clear);



void ObjlectList::DelAHObjectSO
OBJECTNODE *tmp;
while (objectHead t- (OBJECT_NODE*)NULL)
tmp - objectHead;

objectHead - (“objectHead).next;
DslObject(tmp);

void ObjectList::DelObject(OBJECT MODE *todie)

I
OBJECT_NODE *cur;

If ((Ctodie) .prev 1= (OBJECT MODE*) HULL)

Si (Ctodie) .next !- (OBJECT_HODE* IHULL) )
17/ cout « "Deleted Object (" « todie->w « o
cur-(*todie) .prev;
if (cur “ todie)

|
objectHead - (OBJECTNODE*)NULL;

// cout « "Object List Empty\n";
free(todie);
return;
else

|
(ecur).neXt“ {*todiej.next;
cur - (*todie).next;
("cur).prev - (*todie) .prev;
If (objectHead m= todie)
objectHead- (*todie) .next;
free(todie);
return;

« todie->1 « “I\n";

cout « "eeeDid NOT delete rotton Object (7 « todie->w « « t.odie->l «

OBJECT NODE* ObiectUst: :GetNextObject()
OBJECTNODE"tmp;

If (objectHead — (OBJECTNODE*)NULL)
return((OBJECT NODE*) Nill.1,)

tmp - objectHead;
objectHead - objectHead->next;
return(tmp);

void Obj<?ctl,i3t::InsertNewObject: (OBJECT NODE"newptr)

OBJECT NODE *cur;

if (newPtr -- (OBJECTNODE*)HULL)
return;
if (objectHead — (OBJECT NODE*)NULL)

objectHead * newptr;
i-nethr).prev = (“newptr) .next - newptr;

else

/* insert before first node w/
cur > objectHead;

f ltewPtr).next ~ cur;
(“newptr).prev - (*cur).prev;
(*cut) .prev - newPtc;

cur - (*newPtr).prev;

(*<-m).next — newptr;
objectHead - newPt r;

B- 110

“I\n"



// cout « "Inserted object (" « newPtr->w « « newPtr->I
void ObiectList::ListAllObject3O
OBJECT_NODE*tmp;
if fobjectHead —  (OBJECTNODE*)NULL)
cout « "ObjectList is empty\n";
return;

forftmp»objectHead;;tmp - tmp->next)

cout « "object:)" « trop->w « «
trap - tmp->next;
if (tmp ~ objectHead)

cout « "ObjectList ended\n";

break;

I
1

// vertex.hpp

»define FALSE O

»define TRUE IFALSE

«define GOAL "G"

»define START *S*

»define OBJECT

»define ADJ_TO_OBJECT =X*
»define MOBILE__OBJECT “"M*
»define CLEAR m."

»define VERTEX *V*

(define BITMASK TOP (int)0x08
»define BITMASK~LEFT (int)0x04
»define BITMASK BOTTOM (int)0x02
»define BITMASKRIGHT (int) 0x01
»define BITMASKCLEAR (int)0x00

typedef struct vn

int t,w,1;

char nodeType;

struct vn *searchPrev,
float searchDist;

int searchMarker;

"searchNext;

EdgeList “edgelList;
struct vn “pathFrom, *pathTo;
struct vn *prev, “‘next;

I VERTEXNODE;

class VertexList

public:
VertexListl);
“VprtIPXList Q ;

tmp->1 « ")\n”;

void AddToSearchList (VERTEXNODE*) ;

VERTEX NODE*

void DelAHVertices(void);
void DelVertex(VERTEX_NODE*);
Int FindPath (void);
vertexhode™* FIndVertex(int,

VERTEX NODE=*

VERTEX_NODE™*
VERTEXNODE* GetStartVertex(void);
void InsertAllVertices(void);

void
void ListAllVertices(void);
void LIstSearchList(void);

/7 void MoveRobot(int, int, int
void MarkPath(VERTEX NODE*);
void
void

private:
VERTEX NODE™*

int,

TrimSearchList(void);

vnrtexHead;

int);
GetFirstVertex(void);
GetNextVertexIVERTEX NODE*);

Bui IdNewVm tex (int, in", iat,char) ;
int CaicRobotDir(VERTEX_NOOE*)

InsertNewVertex(VERTEX NODE*);

Int);

RemovoFronKjearchList(VERTEX NODE*);
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VERTEX NODE* searchHead;
int searchMarker;
float search"l"rimDiSt;

// vertex.cpp
einclude <iostream.h>

einclude <conlo.h> // fot getchO
einclude <alloc.h> // foe coreleftQ
=Include <stdlib.h> // for itoaO
einclude <3tring.h> // for strcpyl)

einclude "edge.hpp™
einclude "vertex.hpp"”

VertexList: :VertexList(Q

vertexHead - (VERTEX_NODE*)NULL;
3earchHead - (VERTEX_NODE*)NULL;
searchMarker - O0;
searchTrimDist - -1.0;
cout « “Initialised Vertex class\n"

VertexList::-VertexList()

cout « "VertexList destructor startedXn”;
DelAllVerticesO ;
cout « "VertexList destructor endedl\

void VertexList::AddToSearchList(VERTEX_NODE*a)

VERTEXNODE *tmp;

if (a =- (VERTEX_NODE*)NULL)
return;
if (((*a).searchPrev - (VERTF.X_NODE*) NULL) // if already in fringe

Il ((*a) .searchNext !> <VERTEX_NODE*)NULL)) // list,
return;

if (searchHead - * (VERTEX NODE*)NULL)

searchHead * a;

a->pathFrom - *->pathTo - (VERTEX NODE*)NULL;
a->searchPrev = a->searchNext = a;
// cout « "Inserted into empty 3earch list (
// cout « a->t « "« a->W « « a->1 «
else I
a->3earchNext - searchHead;
a->searchPrev - searchHead->seatchPrev;
searchHead->searchPrev - a;
tmp » a->searchPrev;
tmp->searchNext « a
searchHead - a;
// cout « "Appended to search list (;
// cout « a->t « « a->w o« M, o« a->i o«

VERTE&TODE* VertexList::BuildNewVertex(int t, int w, int 1,

VERTEXNODE enewptr;

newptr - (VERTEX NoDE*)malloe(sizeof(VERTEX_NOOE));

dont add again

“I\n";

")\n";

char nodeType)

if (newPtr — (VERTEXNODE*)NULL)
cout « "MallocO failed In Bui IldNewVertex!\n”;
exit(0);

(*newptr).t. - t;

(*newPtr).w - w;

(C’newptr).l1 = 1;

(“newptr).nodeType * nodeType;
(*newPtr).edgelList -m new EdgelList!)

(=newPtr).pathTo - (*newptr) .pathFrom = (VERTEX NODE*(NULL;

(*newptr).searchDist - 0.0;
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(*newPtr).searchPrev
(*newPtr).prev
if (nodTType

(*newPtr).searchNext
(*newPtr).next
START)

(VERTEX_NODE*)NULL;

(*newPtr).searchMarker
AddToSearchList(newPtr);

searchMarker+1;

else

(*newPtr),searchMarker
return(newPtr);

searchMarker;

void VertexList::DelAllVertices(Q

while (vertexHead != (VERTEX_NODE*)NULL)
// cout « nAbout to delete (' « vertexHead->t «
// cout « « vertexHead->1 « n) at addr: " «
// cout « ": Prev:" « vertexHead->prev « Next:
DelVertex(vertexHead);
cout « " --\n"";
7/

void VertexList::DelVertex(VERTEX_NODE *todie)

VERTEX_NODE
EDGE_NODE*a;

*tmp;

if (todie == (VERTEX_NODE*)NULL)
return;
for(a = todie->edgelList->GetFirstEdge(;
a 1= (EDGE_NODE*)NULL;
a = todie->edgeList->GetFirstEdge(Q)

todie->edgelList->DelEdgeToVertex(a->t, a->w, a->1);

(VERTEX_NODE*)NULL;

« vertexHead->w

vertexHead

« vertexHead->next <<"\n"

tmp = FindVertex(a->t, a->w, a->1);
if (tmp 1= (VERTEX_NODE*)NULL)
tmp->edgelList->DelEdgeToVertex(todie->t, todie->w, todie->1);

// tmp = (VERTEX_NODE*)(a->otherVertex);
1/ cout « "On vertex (" « todie->t « "," « todie->w «
11 cout « todie->1 << "):Del edge to (’ « tmp->t « "," « tmp->w «
// cout « tmp->1 « 7)\n";
// cout « "todie at:" « todie « ". aat:in« a « “\n";
// cout « "  tmp at:" « tmp « "\n";
// todie->edgeList->DelEdgeToVertex((void*)tmp);
/7 cout « "On vertex (" « tmp->t « Y« ETmp->w o«
// cout « tmp->1 « H):Del edge to ('« todie->t « « todie->w «
// cout « todie->1 « "I\n7;
/7/ tmp->edgeList->DelEdgeToVertex((void*)todie) ;

delete todie->edgelList;

RemoveFromSearchList(todie);
if ( ((+todie)-pr ==
fifi ((*tidie).next

(VERTEX_NODE+)NULL)

ev
== (VERTEX_NODE*)NULL) )

vertexHead =
free(todie);
return;

(VERTEX_NODE*)NULL ;

if ( ((+todie)-prev
((+todie) . next

(VERTEX_NODE*)NULL)
(VERTEX_NODE*)NULL) )

»

tmp = (*todie).prev;
(*tmp) .next = (*todie).next;
tmp = (*todie).next;

(*tmp) .prev
free(todie);

return;

(*todie).prev;

if ( ((*todie).pr
& ((*todie).next

(VERTEXNODE*)NULL)

ev
1= (VERTEX_NODE*)NULL) )

vertexHead
tmp) .prev
free(todie);

tmp (*todie).next;
(VERTEX_NODE*)NULL;
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return;

if ( ((todie) .prev I- (VERTEX NODE*)NUI.L)
JS ((‘todie).next — (VERTEXNODE=*)NULL) )

tmp - (“todie).prev;

("tmp).next - (VERTEXNODE®IHULL;
Cree(todie)l

return;

int VertexList::FindPathl)

EDGE_NODE *e;

int goalround”FALSE;
float dist;

VERTEX_NODE *cur, “adj;

if (searchHead->nodeType - START)
searchMarker - 3earchHead->se3rchMarker;
else
return(FALSE);
for (cur - searchHead; cut !- (VF.RTEX NQDE*)NULL; cur ~ searchHead)

if ((cur->searchDist >e searchTrimDIst)
Hi (searchTrimDIst > 0.0))
1
RemoveFromSearchList(cur)i
continue;

for (e -» cur~>ed<ieList—>GetFirstEdge () ;
e !- (EDGEJIODE*)NULL
e - cur->edgelList->GetNextEdqge(e))

adj - FindVertex(e->t, e->wt e->1);
if (adj - (VERTEX_NODE*)NULL)
continue;

1 adj - (VERTEX NODE*) e->otherVertex;
dist - cur-?3earchDist + e->dist;
i£ ( (adj->sfiarchMarker t_ aearchMarker)
Il ((adj->searchMarker -« searchMarker)
ii (adj->3earehDist > dist)) }
1
if ((dist < searchTrimDist)
Il (aeatChTrimDiat <* 0.0))

adj->pathFrom = cur;
adj->searchMarker - searchMarker;
adj->searchDist * rtiat;
AddToSearchList(adj);

if (adj->nodaType *- tjOAL)

goalFound - TRUE»
searchTrimDist - dist;
MarkPath(adj);
TrimSearctilListO

RemoveFromSearchList (cm );

1
return(goalFound);

VERTEX NODE* VertexLlIst::FindVertox(int t, int w, Int 1)

\
VERTEXNODE* cur;

for(cur - GetFlrstVertex();
cur (VERTEX NODE*)NULL;
cur * GetNextVertex (cur))

f ((cur->t =m 1)
§ cur—>w mw=w
TE )

return(cur); // found it

s

((cur->t >" 1)
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44 (cur->w >- w)
(6 (cur->1 >- L))
break;

return ((VERTEX_NODE*) HUH,)

VERTEXNODE™*

t
return (vertexHead)

VERTEX NODE* VertexLlst::GetNextVertex

return(cuc->nextl;

VERTEX_NODE™*
VERTEXJJODE™* tmp;
GetFirstVertex(;

(VERTEXNODE*)NULL;
GetNextVertex(tmo))

forltmp -
tmp 1-

tmp

it (trop->nodeType
break;

return(tmp) ;

void VertexLIst;:InsertNewVertex (VERT
VERTEX_NODE *cur;

(VERTEX_NODE*)NIJLI,)
return;

u (@ -

i£ (vertexHead (VERTEX NODE

vertexHead
(*al -prev »
return;

a
(*a) .next

for (cur«vertexHead; our i-

|
if ( (a->t >
It ((a->t -= cur->t)

cur->t)

// passed

(VERTEX,NODE* INUL.L,;

It it"s not in the list

VertexLIst::GetFirstVertexQ

(VERTEX NODE*cur)

VertexLIst::GetStartVertex()

START)

EXNODE*«)

*INULL)

[VERTEXJ-10DE*)NULL;

cur™ (*cur) .next)

(i (a->w > cur->w))
Il ((a->t =m cur->t)
it ta~>W — cur->w)
it (a->1 > cur->1)> )
1 // insert after cur
If ((*cur).next == (VERTEXNODE *)NULL)
|
(=a).next - (*cur).next; // sol - append new node
(*a).prev - cur;
(*cur).next - a;
break;
else
continue; // get next node
|
If ( ta->t < cut->tl
11 (ta->t - cur->t)
it (->W< <rur->w))
11 ((a->t ®° cur->t)
it (a-?2w — cur->w)
a (a->1 < cur->1)} )
1 // insert before cur
i£ (our-"prev - (VERTEX NODE*)NULL)
|
a->prev - (VERTEXNODE*)NULL;Il at start of Ilist
a->next - cur;
cur->prev - aj;
vertexHead - -i;
break;

else

13- 115



a->prev » cur->prev; Il In middle/end of list

a->next - cur;
cur->prev -a;
cur - a->prev;
cur->next - aj;
ﬁreak;

if ((a->t cur->t)

ss (a->w_g» cur->w)
(a->1 «” cur->1))
1 Il insert after cur at eol
if t(*cir).next— (VERTEX NODE*)NULL)

(*a).next- (VERTEX NODE*)NULL;
(*a).prev « cur;
(*cur) .next - aj;

ﬁreak;
else
| continue;
1 cout « “Inserted vertex (';
// cout « (*a).t « « (*a) .w « "o« (*a).l «  "™\n";

void VertexLIst::ListAllVertices(Q

VERTEXNODE *cur-vertexHead;

whilIe (cur 1- (VERTEXNODE*)MULL)
cout « "Vertex:" « (*cur).nodeType << ": at ("
cout « (*cur).t « « (*eur) . w o« ",T o« (*cur).l « “>\n";
cur->edgelLlst->ListAllEdges();
iur - (*cur).next;
void VertexList: :ListSearchHst()
VERTEX_NODE*cur;
if (searchHead =m> (VERTEX NODE*) NULL)
cout « “Empty SearchList! (marker"”"™ << searchMarker «
return;
cout « "List of nodes in Search list (marker=" « searchMarker « ™)\n";
cur » searchHead;
do |
cout <e< "SearchList node (" « cur->t « ", o« cur->w « "," « cur->1
cout « "DI3t - “ << cur->searchDiat << "\n";

cur-cur->searchNext;

while (cur !« searchMead);
cout « "End of SearchList\n";

void VertexList::MarkPat:h (VERTEXNODE"v)

VERTEX NODE™* tmp;

if (v — (VERTEX_NODE *)NULL)
return;

cout « "Path from Goal to StartWw;
v->pathTo - (VERTEX NODE*)NULL;
do

tmp - v->pathFrom;
11 cout < "(" « Vv->t « Tk VeSW o« UL, o« v=>1 o« ")\n";
If (tmp | 1- (VERTEX NODE*)NULL)

tmp->pathTo - v;
v » v->pathFrom;
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while (tmp (VERTEXNODE *)NULL);

void VertexLIst;:RemoveFromSearchList(VERTEX_NOOR*a>

VERTEX_NODE -cur;

if ((a->searchPrev - iVERTEX MODE*)NULL)
11 (a->searchNext — (VERTEXNODE*)NULL)!

If (searchHead — a)
searchHead - (VERTEX_NODE*)NULL;

Seturn;

cur-a->3151rchPrev;
if (cur - a

searchHead « (VERTEX NODE*)NULL;
// cout « "Removed Search Node (;
7/ cout « |a—>t « """« a->w « "« a->1 o« . SearchLisfc oropty\n";

else

cur->3earchNext - a->searchNext;
cur m a->searchNext;
cur->searchPrev "m a->searchPrev;

if (searchHead - a)
searchHead - a->3earchNext;
// cout « "Removed Search Node
// cout « a->t « ", << a->w « « a->1 « "™ An";
a->3earchPrev - a->searchNext - (VERTEXNODE*)NULL;

void VertexList::TrimSearchListO

1
VERTEX NODE *«lt, *ImpPtr- (VERTEX_NODE*)0;

int trimmed-TRUE;

" or less\n";

11 cout « “Trimming search list to * « searchTrimDist «
if (isearchHead - - (VERTEX MODE*) NULL)
Il (searchTrimDist < 0.0))
return;
cur - searchHead;
while (ftmthr I- cur) Il (trimmed — TRUE))

if (tririmed— TRUE)

tmpPtr-cur;
trimmed-FALSE;

if ((*cur) .searchDist >- searchTrimDIst)

1
I cout << “Triinwed out (;

11 cout « cur->t « * <« cUr->w « « cur->t « ") "
// cout « "Dist was " « cur->searchDiat « “\n";
if (cur — cur->BoarchNext)

RerooveFromSearchLi st(cur);

break;
1
else —-—
i
tmpPtr " cur->searchNext;
Remov<?Frol!r.SearchList, (cur);
cur " tmpPtr;
trimmed * TRUE;
1
|
else
cur - cur->3earchNext:;
1
I cout « M ————— \n";

B.5. Standard Priority First Graph Theory
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The Standard Priority First Search Algorithm for Graph Theory which was implemented as part OFthis
project was coded in ANSI C++. The filenames for each of the separate source code files were supplied
inside C++ format comments (i.e. //) at the beginning of each file listing. A detailed explanation of the

design behind this program was presented in Chapter 4.

// main.cpp

»include <iostream.h>
linclude <fstream.h>
einclude <stdio.h>

linclude <conio.h> // for getch ¢
»include <alloc.h> // for coreieft()
(include <stdlib. h> /7 for itoal)
»Include qtl_nrgll:> // for strcpyt)

einclude oysVtimeb.hs
4include <dir.h>
einclude <ctype.h>
einclude "edge.hpp™
linclude "vertex.hpp"
(Include "object.hpp"
linclude "domain.hpp™
(include "bench,lipp”

»define MAPFILEMASK "MAP*_DAT"

int maindnt, char**):

void BuildVertexListFromDomain(VertexListi, fomain«);
int CalcRobotDirfVERTEX NODE¥*);

void FtndAllEdges(VertexLIst«, Domaint);

void MemStatusfchar*);

int SetWorkingDir(void);

void RenameMapFile(char*);

int wain tint argc, char** argv)

char* shortName;
struct ffblk mapfile;

forG:) |

shortName - strstr(argv(0], M\\") ;
if (shortMame -- (char*) NULL)

shortName - argv[C);

cout « “This is " « shortName « “\n";
break;
else
1 argv]|0|] - shortName+1;
MemStatus("Free memory before mainloop in main: ™);

if (iSetWorkingDirQ)
1
cout « “Program exiting gracefully\n";
return(l);

if (fln(lifirst (MAPETLF.MASK, (mapftle, >}

cout « "Program exiting gracefully - no map files tound\n";
return(l);
i

(09

char imp 1256];
int 1;
benchmark stopwatch (short.Hame);

sprintf(tmp, "Starting on is: *, mapfile. £f _nainel.j
Mernstatus(trap);
for (i=0; HNUMTIMF.S; i++)

1

int 1lag, timeTaken;

float distTravelled;

Domain LheWorUillO, 20, TO, mapl ile.ff name);
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tttteTaken = 0;

di3tTravel.ted - 0.0;
stopwatch.lterStart(i, mapfile.ff name);
stopwatch.ClicltO i

toed;)

VertexLIst vertLIst;

BuildVertexListFromDomain(vertList, theWorld);
FtndAllEdges(vertList, t._heWorld);
stapWatch.Click Q ;
I:h*World.DrawDomain(Q ;
stopwatch.Click O;
flag - vertList. FindPath 0
stopwatch.ClickQ;
if (flag — TRUE)
cout « "Path found the GOALN\n";

else
cout « "No path found to GOAL!\n";

if (flagr
VERTF.X_NODE*tl, *t2;

tl ” vertList.GetStartVertexO ;
if (tl 1- (VERTEX_NODE*)NULL)

t2 = tl->pathTo;
if (t2 rm (VF.RTEXNODE“)NULL}

if (itl->w —  t2->w)
it (tl->1 « t:2->1)
it (t2—>|n0deType "» GOAL))

cout « “MADE IT TO THE GOAL!\n";
hreak;

distTravelled +- theWorld.MoveRobot(tl->t, tl->w, tlI->1,
t2->t, t2->w, t2->1);
LheWorld.AdvanceTimet);
timeTaken++;

StopWatch.lterStop(timeTaken, distTravelled);

stopwatch.LogCalcsf);
RnnameMapFi le (mapfile. £f name) ;
break;

while (1findnext(Sroapfile));

MemStatus("Free memory after maihloop in main: H
return(0);

void BuildVertexListFrombDonialn (VertexLIst fivList, Domain idomain)
t
char type;
int t"domain.GetDomainTimeSllces(, a;
int wdomain.GetDomainKldthO, b;
int; I~tiomaln_GetDomainLe(igth() m '
VERTEX HODE’newPtr, *gPtr, *sPtr;

for (gptr - 3Ptr - (VERTEXNODEM NULL, .1-0; a<t; a++)

1
for(b-0;, b<w; b++)

for(c-0; c<l; c*M
1
type - domain.GetFolnCType(a, b, c);

If ((type - VERTEX)
Il (type — START)
11 (type — GOAL))

newPtr - vList.BuildNewVertex(a, b, c, type);
viLIst.InsertNewVertextnewptr);
1

if (type — GOAL)
gptr = newPt.r;
If (type — START)
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3Ptr - newptr;

1
1

if t(gPtr 1- (VERTEX NODE*)NULL)
« isPtr 1- (VERTEX_NORE*)NULL))
sPtr->searchDist ~ 6.0;

vLIst_AddToSearchList (sPtr);

void FIndAllEdges(VertexLIst «List, nomalnidoraain)

EDGE_NODE*e;
VERTEXNODE " a, *b;
float dlst;

for (a - vList .GetFirst.Vertex Q;
a 1- (VERTEX_NODE*)NUI,L;
a - viLi3t.GetNextVertex(a))

forfb - vList.GetNextVeitex(a)t
b 1= (VERTEX_NODE*)NULL;
b - vList.GetNextVertex(b))

if Ja -- b)
continue;
if ((a->t — b->t)
st (a->w b->w)
(a->1 = b->1))

continue;

dlIst * domain-CheckLine(a->t, a->w, a->i, b->t, b->w, b->1) ;
if idist > 0.0)

e ~ a->edgelVist->8uildNewEdge (b->t, b->w, b->I, dist)
a->edgelList->InsertHewEdge(e);

dlst = domain.CheckLine(b->t, b->w, b->I, a->t, a->w, a->1);
if (dist > 0.0)

e = b->edgBLIst->euUdNewfdge(a->t, a->w, a->I, dlIst)
b->edgeList->InsertNewEdge(e);

void Memi>tatus(char “StatusHessagqge)

char tmpl1256];
Cstream debugFile;
long MemLeft;

debugFII*~.D)pleIn" "DEBUG.LOG™, los::app);
if (idebugFile)
cout « “Unable to open DEBUG.LQG\n";

NramLeft ™ (long) coreleft. (3;
sprintf (t.mp, “%s»ld\n", StacusMessaqe, MeroLeft);

debugFile.write(tmp, strlen(tmp)l;
debugFile.closed;
// cout « StatusMessage « MemLeft « “\n";

int SetWorkingDirQ
char mapdiri2561;
cout «"Enter the directory containing map files, or V*qV for quit:";
cin » rriapdir;

If (tou;l)pot(mapdlr[0|) -« "Q7)

cout « "Quitting..An";
return(FALSE);

if (chdlr(mapdlr))

cout « "The directory « mapctlr « " could not be round.\ri";
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void Re

// benc
«define
»define
«define
fdefine

return(FALSE);

cout « "Made ™ « mapdir « " the current directory.\n";

return (TRUE) ;

nameMapFile(char*filename)

char newfilename(128);
char* ch;
int i-(int)".";

3trcpy(newfilename, filename);
ch = strrchr(newfilenarne,i);
if (ch 1- (char*)NULL)

strcpy(ch, ".bak™);
rename(filename, newfilename);

else

I cxit(l)
h.hpp

FALSE 0O

TRUE [IFALSE

NUMTIMES 10
MAXFILENAME 13

class Benchmark

publi

Benchmark(char*);
-Benchmark(Q;
void Click(void);
void IlterStartiint, char*);
void IterStoplint, float);
void LogCalcs(void);
private:
void Diff(struct timeb*, struct timeb*, struct

fstream logFile;

f3tream avgFile;

char mapFileName (MAXFILENAME];

struct timeb benchmarks!NUMTIMES) (2);
float distRobotTravelied|NUMTIMES);
int timeTaken(NUMTIMES);

int currentlter;

int ciickToggleFlaq;

struct timeb elapsedTime, computeTime;

timeb*)

struct timeb 3tartTime, clickOnTime, clickOffTime;

// bench.xpp

»includ
»includ
»includ
»includ
»includ
»includ

e <iostream.h>

e <fstream.h>

e <stdio.h>

e <alloc.h> // for coreleft(!
e <stdlib.h> // fTor itoa()

e <string.h> // for strcpyQ

»include <sys\timeb.h>

»includ

e "bench.hpp™

Benchmark ::Benchmark(char *11leName)

char *tmp;
char Jlogname(MAXFILENAHE);

while!(tmp - strchr(lileName, <\\*>) I (char*)NULL)
flleName » tmp+1;
strcpy(logname, fileName);

if ((tmp “ strchr(logname, le (char®)NULL)
strcpyltmp, ".LOG"™);

else
strcat(logname, ".LO0G");

logFile.open(lognamo, los::app);
if (llogFile)
cout s< "Unable to open " « logname « "\n";

if ((tmp - strchr(logname, ~.7)) !* (char*)NULL)

strcpy(tmp, ".AVG™");
else
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strcat(logname, ".AVG");
avgFlle._open(logname, loss :zapp) ;
if (iavgFile)

cout « "Unable to open *“ « logname « "\n";

cout « “Initi

ised Benchmark class\n";

Benchmark;:-BenchmarkQ
if {Iogiile)

logFi le.flusht!) ;
|ogFiIe.closeO 5

if (avgii le)

avgFile.flush));
avgFile.closed

cout « "Closed log files and Destroying Benchmark class\n";

void Benchmark;iClickQ
switch(clickToggleFlag)

case TRUK:
EtimeUelickOnTime);
clickToggleFlag - FALSE;
break;
case FALSF.:
default:
ftimo (*clickCFfTime) ;
Diff(iclickOnTime, «clickOffTime, icomputeTime);
clickToggleFlag - TRUE;

void Benchmark: :0iff (struct timeb"start, struct timeb’atop, struct timeb~diff)

if {(*‘afop).millitm < (“start).millitm)

(estop).millitm I- (short)1000; /= carry when subtracting, stops*/
i*start).time +- 1L; /= negative wraparound problemsl*/
(=diff).m ir.m + (“stop) .m.11litm - (*start)._millitm;

(*diff)._time +* (long)((-diff).millitm / (short)1000);
(diff).millitm %- (short) 10£>0;
(*diff).time 4» ((“stop).l.ime-( “start) .time) ;

void Benchmark::l1terStart(int i, char"s)
currentlter - 1i;
clickToggleFlag - TRUE;
computeTime.time - elapsedTime.time - OL;
computeTime.millitm - elapsedTime,millitm = fi;

strcpy(mapFileName, s);

me(istartTlime);

fti
1

void Benchmark::l1terStop(int t, float distTravelled)
3truct timeb stopTime;

ftime(istopTime);
Diff(otartTime, «stopTime, itelapsedTime);

henchmarkslcurrentlter) [O].time - elapsedTimo. time;
benchmarks|current Iter)|O]. Ilitm - elapsedTime.millitm;
benchmarks (currentlter 1 (V]. time computeTime. time;
benchmarkslcurrentliter|(11.mi 111tm ” computeTime.millitm;
timeTakenlcurrentlter| - t;
distRobotTravelledlcurrentlterl » distTravelled;




void Benchmark::LogCales

//

//

char tmp[256];
float avgDist;
struct timeb avg;
int i, avgTimeTaken;

for(i=0, avg.time=0L, avg.millitm=0, avgDist=0.0, avgTimeTaken=0;
i<NUMTIMES;
i++)

sprintf(tmp, "is (%02d) Elapsed time:%051d.%03d\nn, mapFileName
benchmarks[i][0]-time, benchmarks[i][0].mi

logFile.write(tmp, strlen(tmp));

sprinti(tmp, "Is (%02d) Compute time:%051d.%03d\n", mapFileName,
benchmarks[i] [1]-time, benchmarks[i][1]-mil

logFile.write(tmp, strlen(tmp));

sprinti(tmp, "%s (%02d) Dist travelled:%f\n", mapFileName, i,
distRobotTravelled[i]);

logFile.write(tmp, strlen(tmp));

sprinti(tmp, "%s (%02d) Time Slices Taken:%d\nn, mapFileName,
timeTaken[i] );

logFile.write(tmp, strlen(tmp));

avg.-time+=benchmarks[i][0] -time;

avg.millitm+=benchmarks[i][0].mi

if (avg_.mi % 1000 != avg.mi

itm?
litm)

avg.time += (long)(avg.-millitm / (short)1000);
avg.millitm %= (short)1000;

¥

sprintf(tmp, "%s Tot. Elapsed time:%051d.%03d\n", mapFileName, avg.time,

logFile.write(tmp, strlen(tmp));
cout « avg.time « « avg.millitm « "\n";
cout « tmp « n\n";

i = (int) (avg-time % (long)NUMTIMES);
avg.time /= (long)NUMTIMES;

avg.m itm += i * 1000;

avg. itm /= NUMTIMES;

sprintf(tmp, "%s Avg. Elapsed time:%051d.%03d\n", mapFileName, avg.time,

avgFile.write (tmp, strlen(tmp));

sprintf(tmp, "%s Avg. Elapsed time:%051d.$03d\nM, mapFileName, avg.time,

logFile.write(tmp, strlen(tmp));
for(i=0, avg.time=0L, avg.millitm-0; i<NUMTIMES; i++)
avg.time+=benchmarks[i][1]-time;

avg,millitm+=benchmarks[i][1]-m
if (avg. Ilitm % 1000 != avg.mil

avg.time += (long)(avg.millitm /7 (short)1000);
avg.mi itm %= (short)1000;

sprintf(tmp, n%s Tot. Compute time:%051d.%03d\nM, mapFileName, avg,time,

logFile.write(tmp, strlen(tmp));

i = (int) (avg.time % ((long)NUMTIMES);
avg.time /= (long)NUMTIMES;
avg.millitm += i * 1000;

avg.millitm /= NUMTIMES;

sprintf (tmp, "%s Avg. Compute time: uZOSld_ %03d\nf, mapFileName, avg. time,

avgFile.write(tmp, strilen(tmp));

sprintf(tmp, "%s Avg. Compute time :%051d.%03d\n", mapFileName, avg.time,

logFile.write(tmp, strlen(tmp));

for(i=0, avgTimeTaken”0; i<NUMTIMES; i++)
avgTimeTaken+=timeTaken[i];

avgTimeTaken = avgTimeTaken / NUMTIMES;

sprintf(tmp, "%s Avg. Time Taken :%d\n", mapFileName, avgTimeTaken);

avgFile.write(tmp, strlen(tmp));

logFile.write(tmp, strlen(tmp));

for (i=0, avgDist=0.0; KNUMTIMES; i++)
avgDist += distRobotTravelled[i];
avgDist - avgDist / ((float)NUMTIMES);
sprintf(tmp, "%s Avg. Dist Travelled:% fin'\ mapFileName, avgDist);
avgFile.write(tmp, strien (tmp));
logFile.write (tmp, strlen(tmp));
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sprintf(tmp, "%s = mapFileName);
avgFile.write(tmp, strle
// sprintf(tmp, "%s =
logFile.write(tmp, strlen(tmp))

mapFileName);

// domain.hpp
«define FALSE O
«define TRUE jFALSE

«define GOAL ?2G"

#define START »S~

«define OBJECT =X~

«define ADJ_TO_OBJECT X1
#define MOBILEJDBJECT “Mf
#define CLEAR ~."

«define VERTEX TVT

«define BITMASK_TOP (int)0x08
«define BITMASK_LEFT (int)0x04

«define BITMASK_BOTTOM (int)0x02
«define BITMASK_RIGHT (int)0x01
«define BITMASK_CLEAR (int)0x00

«define FROM_FRONT O
«define FROM_BACK 1
«define FROM~LEFT 2
«define FROM_RIGHT 3
«define FROM_FRONTRIGHT 4
«define FROM_FRONTLEFT 5
«define FROM_BACKRIGHT 6
«define FROM_BACKLEFT 7
«define FROM__UP 8
«define FROM_DOWN 9
«define FROM_NOWHERE 10

«define NOCOST (float)0.0

«define NORMAL (float) 1.0

«define NORMAL_DIAG (float)1.414214
«define BLOCKED (float)1000.0

typedef struct

float dist;
int from;

char type;
float cost[9];
1 POINT;

class Domain

public;
Domain(int, int, int, char*);
-DomainQ ;
void AdvanceTime(void);
float CheckLine(int, int, int, i
void DrawDomain(void);
int GetDomainLength(void) { return(domainLength); }
int GetDomainTimeSlices(void) { return(domainTimeSlices); |
int GetDomainWidth(void) { return(domainWidth); ]
POINT* GetPoint(int, int, int);
float GetPointCost(int, int, int, int);
char GetPointFrom(int, int, int) ;
char GetPointType(int, int, int);
int IsPointClear(int, int, int);
int IsPointGoal(int, int, int);
int IsPointNearObject(int, int, int);
int IsPointObject(int, int, int);
int IsPointStart(int, int, int);
int IsPointVertex(int, int, int);
float MoveRobot(int, int, int, int, int, int);
void SetPointFrom(int, int, int, int);
void SetPointType(int, int, int, char);
private:
void AgeTimeSlices(void);
int CalcRobotDir(int, int, int, int, int, int);
int ClearAdjPointOK(int, int, int);
void ClearMobileObject(int, int, int);
void ClearVerticesInTimeSlice(int);
void DrawTimeSlice(int);
void InitTimeSlice(int);
void MarkMobileObject(int, int, int);
void MoveMobileObject(OBJECT_NODE*);

, int, int);
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void
void
void
void
void
void
void

ObjectLi
POINT**

st- objList;
domainHead;

domainWidth;
domainLength;
domainTimeSlices;

int
int
int

// domain.cpp

finclude

<iostream.h>

MoveMobileObjects(void);
SetAdjObjsInTimeSlice(int);
SetGoalFrom
SetMobileObjsFromFile(char*);
SetPermObjsiInTimeSlice(int) ;
SetStartFromFile(char*);
SetVerticesInTimeSlice(int);

e(char*);

jfinclude <fstream. h>
linclude <alloc.h> // for coreleft(Q
linclude <stdio.h>
Sinclude <stdlib.h> // for itoa(Q
Sinclude <string.h> // for strcpyQ
linclude <conio.h>
Sinclude "object.hpp™
#include ™"domain.hpp"
Domain:iDomain(int numTimeSlices, int width, int length,
int i;
cout « “Contructing Domain class\n";

domainTimeSlices = numTimeSlices;

domainWidth = width;

domainLength - length;

cout « "FreeHeap:" « farcoreleft(Q « “\n";
cout « "Amount needed for one timeslice:";
cout « width*length*sizeof(POINT) « "\n";

domainHead =
if (domainHead ==
|
cout «
domainHead =
domainTimeSlices =
return;

(POINT**)farcalloc(numTimeSlices,
(POINT**)MULL)

(POINT***)NULL;
domainWidth =

for(i=0; iCnumTimeSlices; i++)
|

domainHead[i] =
cout «

if (domainHead[i] == (POINT*)NULL)
if 0)
cout «
else
cout «
cout « numTimeSlices «
domainTimeSlices = i;
break;

InitTimeSlice(
SetPermObjsInTimeSlice(i);

SetStartFromFile(mapFileName);

SetGoalFromFile(mapFileName);

eObjsFromFile(mapFileName);
i<domainTimeSlices; i++)

SetAdjObjsInTimeSlice(i);
SetVerticesInTimeSlice(i);

; i<domainTimeSlices-1; i++)
AdvanceTimeQ;
cout « "FreeHeap after Domain allocated:" «
Domain ::~Domain(Q

POINT *tmp;
int i;

B-

"Not enough memory to build model

domainLength =

(POINT*)farcalloc(width*length,
“"FreeHeap after timeslice allocated:" «

farcoreleft(Q

char*mapFileName)

sizeof(POINT**));

of world\n";

0;

"Only enough memory to build

timeslices

125

"Not enough memory to build model

« I«

in model

« “\n";

sizeof(POINT));
farcoreleft(Q «

“\n";

of world\n";

L of the ™
of world\n



cout « "Obstructing Domain cla3s\n”;

If (domainHead - (POINT**>NULL)
cout « “"Not freeing domain - DomainHead was NULL\n";
return;

for(i-"0; KdomainTimeSlices; i++)

tmp “ domainHead(i);
farfree(tmp);

farfree(domainHead);
domainHead * (POINT**)NULL;
cout « "FreeHeap after Domain deallocated:" « farcoreloftQ « "\n"

/7/ ietcho;

void Domain::AdvanceTime()

AgeTImeSlicesO ;

// DrawDomainO;
ClearVerticesInTimeSltce(domainTimeS)lces-1);
MoveMobileObjectsO ;

// DrawDomain(Q);
SetVerticesInTimeSlice(domainTimeSlices-1);
// DrawDomain(Q);

|/'1//////////////H///////H///H//H////

I/l Copy the contents of every timeslice
// into the previous timeslice

// (O3 - (@, (@ - [2]. etc.

// Leave the last timeslice unchanged.

// Another routine will decide the move3
77 for all the mobile objects.

// A quick way to do this is moving ptrs
// to the timeslices and only copying the

// contents of the last timeslice over the
77 contents of the first timeslice

TU LEEErrrerrrrrreu rerre/eerrrrrrenn
void Domain::AgeTimeSlices<)

int i, j;
POINT “tmp;

tmp = domainHead(0);
for(i“0/ j-1; i<domainTimeSlices-1; i++, j++>
domainHead(il - domainHead!j);
domainHead[domainTimeSlices-1] < tmp;
_fmemcpy(domainHead(domalnTimeSllces-1),
domainHead(domainTimeSlices-2],
sizeof ("domai nllead |[domainTimeSl ices-1]));

int Domain::CalcRobotDir(int st, int sw, int si, int et, int ew, Int el)

if ((llsPointStart(st, sw, si))
Il (IsPointGoal(st, sw, si)))
return(clear);

if ((ew - sw > 0)
<« (el ] si > 0))

3W44, 3l++;

if ((1sPointClear(st, sw, si))

Il (IsPointVortex(st, sw, si))

Il (IsPointGoal(st, sw, si)))
return(frontright);

olse

if ((ew - sw > 0)
ss (<71 —I si — 0))
ant+
il ((lsPointClear(st, sw, si))

return(clear);
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11 (IsPolntVertex(st, sw, 31))
Il (IsPointGoal(st, sw, si)))
return(right);
else
return(clear);

If ((ew - sw > 0)
(s (el - si < 0))

tClear(st, sw, 31))
Il (IsPointVertexiat, sw, sl))
I (IsPointGoal(st, sw, sl)))

return(backright);
else

)

If ((ew - sw — 0)

ss (el ~ sl > 0))
1
slt+;
if ((IsPointClear(st, sw, all)
Il (IsPointVertaxfst, sw, sL))
ii (IsPointGoal(st, sw, sl)))

return(front):

return(clear);

el s9
1

if ((ew - sw = 0) // silly, but just in case
it (el sl — 0))

return(clear) S

|

l(eturn (clear) ;

if ((ew - sw - 0)

ii (el - sl < 0))

1

sl— ;

If ((IsPointClear(st, sw, sl))

Il (IsPointVertex(st, sw, sl))

Il (1sPointGoal(st, sw, sl)))
return(back);

else

IE ((ew - sw < 0)

a (el - sl >0))
1
sw— , 3l+1i;
if ((IsPointClear(st, sw, sl))
Il (IsPointVertex(st, sw, sl))
Il (IsPointGoal(st, sw, sl)))

return(frontleft);

return (clear);

else

if ((ew - sw < 0

Si (el - sl == 0))
1
sw— ; S
if ((IsPointClear(st, sw, sl))
Il (IsPointVertex(st, sw, sl))
11 (IsPointGoal(st, sw, sl)))

return(left);

return(clear);

else
return(clear);

If (few - sw < 0)
it (el —I si < Q)

sw— , sl— ;

if ((IsPointClear(st, sw, sl))

Il (1sPointVertex(st, sw, sl))

11 (IsPointGoal (st, sw, 31)))
return(backleft);

else

\

return(clear) ;
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return(clear);

float Domain:jChecKLine(int st, Int sw, Int sl, int et, int ew, Int el)

// static int di3playCounter-1;
int tmpt, tmprw, tmpl;
float dist;

forldist-0.0, tropt-et-st, tmpW™ew-sw, tmpl-el-sl;
Itmpt I* 0) 11 (tmpw i- 0) 11 (tmpl 1I- 0);
tropt-et-st, tmpw-ew-sw, tmpl”«l-sl)
1
if (tmptl < ®

return(-1.0);

if ((tmpw > 0)
a (tmplI > 0))

dist +- GetPointCostlst, swt+, 3l++, frontright);
If ((MlspointClear(3t, sw, sl))
s* ((st 1» et) Il (sw !» ew) I (sl 1- el)))
return(-1.0);
continue;
1
if ((tmpw > S)
44 (tmplI - 0)
dist += GetPointCost(st, swt+, si, right);
If ((!'lsPointClear (st, sw, si))
st ((st 1- et) Il (aw 1- ew) 11 (sl 1- el)))
return(-1.0);

1

if ((tmpw > 0)

Si (tmpl < 0))
1

dist +- GetPolntCoat(st, swt+, sl- , backright);

if ((ilsPolntClsac(st, sw, sl))

it ((st - et) 11 (sw !'= ew) || (sl !» el)))
return(-1.0) ;

continue;

continue;

if ((tmpw < 0)
cs (tmpl > 0))
1
dist *- GetPointCost(st, sw-— , sin, frontleft);
if 1('laPointClear{st, sw, sl))
si ((st Yset) 11 (m I* ew) I (sl w=el))]
return(-1.0);

iontinue;
if ((tmpw < 0)
a (tmpl - 0))
1
dist +- OetPolntcost(st, sw- , sl, left);
If (! IsPointClear (st, sw, sl))
4* (@Bt 1-et) || (sw !'= ew) 11 (sl 1" el)))

return(-1.0);
continue;
1
if ((tmpw < 0]
s* (tmpl < 0))

dist t- wetPointCost(at, sw- , sl- , backleft);
if (('lIsPointClear(st, sw, sl))
Si ((st 1= =) tl (sw !» ew) || (sl t— el)))

return(-1.0);
cont inue;
1
if ((tmp« 0)
it (ttnpl > 0))

1
dist £ GetpOintCO03t(at, sw, al*+, front);
if ({itsPointClear(st, sw, al))
St ((st 1" et) (U (sw !=ew) Il (si !- el)))
return(-1.0) ;
continue;

"I (Upv—0)

it (tmpl < 0))
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dist t- GetPointCostlSt, sw, sl- back)!
it (t!'IsPointClear(st, sw, sl))
is (st 1- et) 11 (sw ew) Il (sl 1= el) )>
return (-1.0) ;
continue;
1
if ((tmpw 0)
is (tmpl - 0)
Si  (tmpt >0))
dist +- GetPointCost(st++, sw, sl, up);
if ((!'l1sPointClear(st, sw, sl))
SS (1st 1- et) 11 (sw 1- ew) I (al 1- el)))

return(-1.0);
continue;

colt « "CheekLine:* «
return(dist);

/7

int Domain: :ClearAd;)PointOK(int t,

char type;
int a,b;

for(@*w-1;a<=wfl :a++)
If (@< 0) 1

continue;
for |b—lil;b<»l+l;b++)

displayCounter+* «

returned” « dist «

Int w, Int 1)

(a >= domainWidth))

If ((b < 0) 1t (b >- domainLength))
continue;
if (@- w) is (b- D)
continues
type - GetPointType(t, a, b);
if ((type - OBJECT)
Il (type — MOBILE_OBJECT))

return(FALSE)i

return(TRUE) i

void Domain::CleatMobileObiect(int t,

if (GetPointType(t,
t
if (ClearAdjPolntOKft,

w, 1) -

SetPointType(t,
SetPointFrom(t.,

else I
SetPointType(t,
Setpoi ntE"rbmi t,
for(i"w-1, J“I-1; j<it2;l

IT ((GetPolntType{t, i, )) -
is (CiearAdiPointOKft,

SetPointTypett, i, J,
SetPointFrom(t,

t
If (i — wH)
| mwl;
1+
else )
1+

Int w, :nt i)

MOBILEOSJECT)

D)

CLEAR);
FROM NCWHERE) ;

=
i

APJ TO OBJECT)j
FRCtt_NOWHERE) ;

ADJTO OIiJECT)
LoD
CLEAR)j

i, j, FaOM_NaWHERE);
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void Domain::ClearVerticesInTimeSlice(int ©)
int w, 1;
for(w«0; w<domainWidth; w++)
for(1*0; KdomalnLength; [1++j
if (GetPointType(t, w, 1) -- VERTEX)

SetPolntFromlt, w, 1, FROM NCWHERE) ;
SetPoinLTyp«(t, w, 1, CLEAR);
continue;

if (GetPointType(t, w, 1) -= MOBILE_OBJECT)

ClearMobileObjectlt, w, 1);

void Domain::DrawbDomain()

for (i“0; i< domainTimeSlices; it+)
t
DrawTimeSlice(i);
7/ %ftch()i

void Domain::DrawTimeSlice(int timeSlice)

char type;
int a,b,y;

clr3crQ;
gotoxyd,1);
cout << Ttime=t+" « timeSlice;

for(b-0, y-2;b<domainLength; bt+, y++)

gotoxyd, y);
for(a-0; a<domainWidth; a++)

type = GetPointTypeftimeSlice, a, b);
switch(type)

case GOAL:

case START:

case ADJ_TOOBJECT:

case OBJECT:

case MOBILEOBJECT:

case VERTEX:
cout « type;
break;

case CLEAR:
switch(GetPointFromftimeSlice,

case FROMRIGHT:
cout «
break;

case FROMI.EFT:
cout « LT
break;

case FROMUP:
cout « Ut
break;

case FROM DOWN:
cout « ”D";
break;

case FROM FRONT:
cout « B S
break;

case FROM BACK:
cout « "B";
break;

case FROMBACKLEFT:
cout <r< "T™;

a,

b))



break;

case FROMBACKRIGHT:
cout « "U";
break;

case FROMFRONTLEFT:
cout << "V";
break;

case FROMFRONTRIGHT:
cout « "W";
break;

case FROM_NOWHERE:

default:
cout «
break;

break;
default:

cout «
break;

cout « "\n";

POINT* Domain::GetPoint(int timeSlice, int width, int lenqgth)
POINT *tmp, *tmp2;
tmp - domainHeadttimeSlice);

trop2 - tmp + (domainWldth*width) + length;
return(tmp2);

float Domain:jGetPointCost(int timeSlice, int width, int length, Int dir)

POINT *tmp;
tmp - GetPoint(timeSlice, width, length);
return(trap->costldir));
char Domain::GetPointFrom(int timeSlice, int width, int length)
POINT “tmp;

tmp - GetPoint(timeSlice, width, length);
return(tmp->from);

char Domain::GetPolntType(lnt timeSlice, int width, Int length)
POINT “tmp;

tmp - GetPoint(timeSlice, width, length);
return(tmp->type);

void Domain::InitTimeSlice(int timeSlice)

POINT"tmp;
int a,b;

for (a-0;a<domainWidth;a++)

for(b:oib<domalnLength;b++)
tmp - GetPoint(timeSlice, a, b);
tmp->dist-0.0;
tmp->fF rom-FROMNOWHERE ;
tmp->type“CLEAR;

if (timeSlice - domalnTimeSllces-1)

tmp->cost [FROM_UP] - BLOCKED;
else

if ((a

tmp->cost|FROM UP) - NORMAL;
0 S6-0)

tmp->co3t IFROM FRONTRIGHT) - NORMAL DIAG;
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tmp->cost [FROM_RIGHT] = NORMAL;
tmp->COSt[FROM_BACKRIGHT] = BLOCKED;
tmp->cost[FROM_BACK] = BLOCKED;
tmp->cost [FROM_BACKLEFT] - BLOCKED;
tmp->cost[FROM_LEFT] = BLOCKED;
tmp->coat[FROM_FRONTLEFT] = BLOCKED;
tmp->coat[FROM_FRONT] - NORMAL;
continue;

if ((@a== 0 ss (b < domainLength-1))

tmp->cO3t[FROM_FRONTRIGHT] - NORMAL_DIAG;
tmp->cost(FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->COSt[FROM_BACK] = NORMAL;
tmp->cost[FROM_BACKLEFT] = BLOCKED;
tmp->CO3t[FROM_LEFT] = BLOCKED;
tmp->cost[FROM_FRONTLEFT] = BLOCKED;
tmp->cost [FROM_FRONT] = NORMAL;

ontinue;

if ((@a == 0) £& (b==domainLength-1))

tmp->cost[FROM_FRONTRIGHT] = BLOCKED;
tmp->cost(FROM_RIGHT] = NORMAL;
tmp->COSt[FROM_BACKRIGHT] » NORMAL_DIAG;
tmp->COSt[FROM_BACK] = NORMAL;
tmp->cost[FROM_BACKLEFT] = BLOCKED;
tmp->cost[FROM_LEFT] = BLOCKED;
tmp->cost[FROM_FRONTLEFT] = BLOCKED;
tmp->cost[FROM_FRONT] = BLOCKED;
continue;

if ((a < domainWidth-1) & (b -= 0))

tmp->cost [FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = BLOCKED;
tmp->cost[FROM_BACK] = BLOCKED;
tmp->cost[FROM_BACKLEFT] = BLOCKED;
tmp->cost[FROM_LEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] = NORMAL_DIAG;
tmp->cost[FROM_FRONT] = NORMAL;

continue;

if ((a < domainLength-1) (b < domainWidth-1))

tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->cost [FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_BACK] » NORMAL;
tmp->coat[FROM_BACKLEFT] = NORMAL_DIAG;
tmp->cost [FROM_LEFT] = NORMAL;
tmp->cost[FROMAFRONTLEFT] = NORMAL_DIAG;
tmp->cost[FROM_FRONT] = NORMAL;

continue;

if ((@a < domainWidth-1) && {b == domainLength-1))
tmp->cost[FROM_FRONTRIGHT] = BLOCKED;
tmp->cost[FROM_RIGHT] - NORMAL;
tmp->cost [FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_BACK] = NORMAL;
tmp->cost[FROM_BACKLEFT] = NORMAL_DIAG;
tmp->cost[FROM_LEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] = BLOCKED;
tmp->cost[FROM_FRONT] = BLOCKED;

continue;

if ((a :(: domainWidth-1) i& (b == 0))
tmp->cost[FROM_FRONTRIGHT] = BLOCKED;
tmp->cost[FROM_RIGHT] = BLOCKED;
tmp->cost[FROM_BACKRIGHT] = BLOCKED;
tmp->cost[FROM_BACK] = BLOCKED;
tmp->cost[FROM_BACKLEFT] = BLOCKED;
tmp->cost[FROM_LEFT] = NORMAL;
tmp~>C03t [FROM_FRONTLEFT] = NORMAL_DIAG;
tmp->cost[FROM_FRONT] = NORMAL;

continue;
if ((@ == domainWidth-1) (b < domainWidth-1))

tmp->cost[FROM_FRONTRIGHT] = BLOCKED;
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= w-1;

o

else

if (i - wel)
!

void Domain::MoveMobi leObject (OBJF.CTNODE *ob ject)
int t-domainTimeSlices-1, w- (“object) .w, 1l-t‘object).l;

CiearMobileObject(t, w, 1);
switch!z‘object)—direction)

case front:
it (IsPointObject(t, w, 1+1))
(“object).direction - randO » NUMDIRS;
else
(=object) .1++;
break;
case frontleft:
If (IsPointObject(t, w-1, 1+1))
(eobject).direction - rand() i NUMDIRS;
else
(‘object) .1++, (“object) .w- ;
break;
ca3e left:
1IE (IsPointObject(t, w-1, 1))
(=object) .direction » rand(Q)

[N

NUMDIRS;
else
(»object) .w—i
break;
case backleft:
If (IsPointObjectlt, w-1, 1-1))
(#object)-direction » randl) 1 NUM DIRS;
else
(e#object) .w— , (eobject).!- ;
break;
case back:
if (IsPointObjectlt, w, 1-1))
(eobject).direction - rand() t NUM_DIRS;
else
(“object).1- ;
break;
case backright:
if (IsPointObjectlt, w+l, 1-1))

(#object) .direction - randO I NUM DIRS;
else
(“object) .w++, («object).1- ;
break;
case right:
if (IsPointObject(t, w+j, 1))
(“object).direction = rand() 1 NUM_DIRS;
el3e
(¢object) . .w++;
break;

case frontright:
if (IsPolntObject(t, w+l, 1+1))
(=object) .directlon @ randO0O t NUM DIRS;

else
(=object) .w++, (“object).l++;
break;
default:
cout « e unknown direction for mobile object ignored
break ;

1
Mar kMobileObject (t, object->w> otjject->))

void Domain::MoveMobiieObjeeta()
OBJECT_HODE“cur, “orlg;
nrig - cur - objLiat.GetNextObjectU

if (cur — (OBJECTMODE*)NULL)
return;

do
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Hp->cos11 I-"ROM_R IGHT] - BLOCKED!
tmp->cost[FROM BACKRIGHT1 - BLOCKED;
tmp->cost[FROMBACK1 - NORMAL!
Lmp->co3t(FROM_BACKLEFT|] - NORMALDIAGi
trop->co3t[FROM_LEFT] - NORMAL!
tmp->co3t[FROM_t"RONTLEFT) - I110RMALDIAG;
tmp->CO3t[FROM_FRONT|] = NORMAL;
continue;

i ((@a - domainLength-1) ss (b ~ domainWidth-1))
tmp->coat(FROM FRONTRIGHT] - BLOCKED;

Lmp->C031 (irnOM-RIGHT 1 - BLOCKED;
tmp->00st[FROM_BACKRIGKTI - BLOCKED;

tmp->cost[FROMBACK] - NORMAL;
tmp->cost[FROM_BACKLEfT) - NORMALDIAGH
tmp->cost(FROM_LEFT|] - NORMAL;

tmp->cost [FROM_FRONTLEFT] ~ BLOCKED;
tmp->cost(FROM_FRONT] - BLOCKED;
continue!

int Domain::IsPointCleartint t, int w, int 1)

]

'} w < 0)

It @<

11 (t < 0)

Il (w >- domainWidth)

nmn Q@ dcmainLength)

Il (t >- domainTimeSlicea))
return IFALSE);

3Witch(ﬁetpointType(ti w, D)

case CLEAR:
return(TRUE);

default:

| return (FALSE) ;

int Domain::!3pointGoai(int t, int w, Int D

1

if w < _0)

il {'<o

n (t <ot

11 (w >- domainWidth)

11 (1 >" dcmainLength)

Il (t >- domainTimeSlicea))
return IFALSF,);

switcti (GetFointType(t, w, 1))

case GOAL:
return(TRUE);

default:

1 return(FALSE);

int Domain::IsPolntNearObject(int t, Int w, Int 1)

?
if w < 0)
il (<o
n (t < 0)
11 (w >m domainWidth)
1 (I >» domainLength)
Il (£t >- domainTImeSlicea))
return(TRUE)!
3witch(GetFointType(t, w, 1))
1
case OBJECT:
return(OBJECT):
case MOBILE OBJECT:
return(MOBILE_OBJECT);
case ADJ TO OBJECT:
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return(ADJTO_OBJECT);

default:
| return(FALSE);

1

int Domain::IsPointObject(int t, int w, int 1)

if ((w < 0)

1 @< o0

I (t <0

If (w >- domainWidth)

Il (1 >- domainLenqth)

Il (t >= domainTimeSlices))
return(TRUE);

switch(GetPointType(t, w, 1i))

1

case OBJECT:
return(0OBJECT);

case MOBILE OBJECT:
return(MOBILEOBJECT) ;

case ADJ_TO_OBJECT:

default:
return(FALSE);

1

1
int Domain::I3PointStart(int t, Int w, int 1)

'I iw < 0)

<

1 (t <0

Il (iv >= domainWidth)

Il (1 >- domainLength)

Il (t >- domainTimeSlice3))
return(FALSE);

switch(ﬁetpointTypelt, w, 1))
case START:

return(TRUE);
default:
| return(FALSE);
int Dom?in::ISPointVertex(lnt t, int w, int 1)
if w < _0)
s
<

Il (w >- domainWidth)

Il (1 >- dcmainLength)

1] (t >m domainTimeSlices))
return(FALSE);

switch(GetPointTypelt, w, 1))

1
case VERTEX:
return(TRUE);
default:
| return(FALSE);
void Domain: :MankMobileOb;)ect(int t, int w, Int I)

int i, j;

if ((GetPointType(t, w, 1} - CLEAR)

Il (GetPointTypelt, w, i) - ADJ_TO_OBJECT))
Set[ointType (t, w, 1, MOBIL OFIJECT) ;
SetPointFrom(t, w, 1, FROMNOWHERE);

for(i-w-1, j-l1-i; j<H2;)

if (GatPointTypeft, i, j) - CLEAR)
SetPointType(t, 3. ADJJTO OBJECT);
SetPointfromft, i, j, FROMJIOWHERF.) ;
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if ((cur).velocity > 0)
MoveMobileObjectlcur);

cur - objList.GatNextObjec

th);

1 while (cur !- orig);

float Domain: :Movel: bot (Int st,

float dist - 0.0;
Int dir;

if (llsPointStart(st, sw,
return(dist);

dir = CaleRobotDir(st, sw,
SetPointType(st, sw,

int 3w, int si, int et, Int ew,

si))

si, et, ew, el) ;

, CLEAR);

SetPointFroro(st, sw, si, FROMMOWHERE);

3Witch(dir)

case fiontriglJit:
dist - GetPo
3t++, 3WH,

intCost(st, sw, si,
sltt;

if ((llsPointClear(st, sw, si))
si (1lsPointVertex{st, sw, si))
«« (YlIsPointGoal(at, sw, si)))

3t—- , 3W- , sl- ;

dist

break;
case right;

- 0.0;

dist - GetPointCost(st, sw, sl,

st++, 3WH-;

if ((!'lsPointClear(st, 3w, sl))
sit (lIlsPointVertex (st, sw, sl))
si  (llsPointGoal(st, sw, si)))

st—- ,
dist

break;

case backright:
dist - GetPo
St+4, sw++,
if (13t oi

sw— ;
- 0-0;

intCost(st, sw, sl,
sl—- ;
ntClear (st, sw, sl))

si (llsPointVectex(st, sw, sl))
6S (!lsPointGoal(st, sw, sl)))

st— ,
dist

break;

case frontleft;
dist - GetPo
st++, sw-— ,

SW— , si++!
« 0.0!

intCost(st, sw, sl,
sh++;

if ((llIsPointClear(st, sw, sl))
sc (!lsPointVertex(st, sw, sl))
<s (llsPointGoal(st, sw, si)))

at—
iist
break;
case left:
dist » GetPo
StHI™# SW- ;

sy++, sl- ;
» 0.0;

intCost(st, sw, sl,

if ((llsPointClear(st, sw, sl))
ss (!tsPointVertexlst, sw, 3l))
ts ( IsPointGoal (3t, SW, sl)))

st- ,
dist

break;

case backieft:
<list - GetPo
st*+, sw— ,

swtt;
« 0.0;

intCostfsl, sw, sl,
sl—- ;

it ((ilsPointClear(sl, sw, sl))
si (llsPointVertex(st, sw, sl))
ss (!lIsPointGoal(sl, sw, sl)))

13-

frontright);

right);

backright);

frontleft);

left);

backleft);
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st— , sw++, sl++;
dist == 0.0;

break;
case front:
dist = GetPointCost(st, sw, sl, front);
st++, sl++;
if (C@lsPointClear (st, sw, sl))
fifi (!IsPointVertex(st, sw, sl))
& (!lsPointGoal(st, sw, sl)))

st— , sl- ;
dist = 0.0;

break;
case back:
dist - GetPointCost(st, sw, sl, back);
st++, sl- ?
if ((TIsPointClear(st, sw, sl))
fifi (I1sPointVertex(st, sw, sl))
fifi (ilsPointGoal(st, sw, sl)))
|
st— , sl++;
dist = 0.0;

break;
case up:
dist = GetPointCost(stf sw, sl, up);
st++;
if (('IsPointClear(st, sw, sl))
& & (!lsPointVertex(st, sw, sl))
£& (!lsPointGoal(st, sw, sl)))

st—
dist - 0.0;

break;
de: rult:
| break;

SetPointTypelst, sw, si, START);
SetPointFromfst, sw, sl, FROMNCWHERE);
return(dist);

void Domain::SetAdiObjsInTimeSlice(int timeSlice)

int a,b?
int w,1;

for(w=Q;, wcdomainWidth; w++)
|

for (1=0; KdomainLength; 1++)

if (ilsPointObject(timeSlice, w, 1))
continue;

for(a=w-1; a<=w+l; a++)
if (@ <D |l (a >= domainWidth))
continue;

for(b-1-1; b<=-Lil; b++)

if ((b < 0> 11 (b >= dcmainLength))
continue;

if (GetPointType(timeSlice, a, b) == CLEAR)
Tt

S~tPointFrom(timeSlice, a, b, FRQMNOWHERE)]
SetPointType(timeSlice, a, b, ADJ_TO_Q8JECT)

void Domain::SetGoalFromFile(char*fileName)

int i, w. 1I;
char recType;
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char tmp(256);
fstream dataFile;
ios::

dataFile.open(fileName, in);

if (tdataFile)

<< fileName

“ added.\n";

« No Goal

cout « "Unable to open
for(;;>
dataFile. getline(tmp, sizeof(tmp));
if (strlen(tmp) - 0)
break)
if (tmpﬁo] — GOAL)
// cout « "The GOAL line "o« tmp « “\n";
if (sscanfftmp, ~tc%dtd", irecType, <w, il) = 3)
forii"o; I<domainTiroeSlice3; 1++)
SetPointFromU, w, 1, FROM NOWHERE!;
1 SetPointTypeli, w, 1, GOAL);
break;
else
| cout << "improperly formatted line ignoredSn";
dataFi le.closed ;
ioid Doniain::SetMobiIeOblsFromFile(char*flIeName)
int w, ij
char recType;
char tmp(256J;
fstream dataFile;
OBJECTNODE* newobj;
dataFile.open(fileName, ios::in);
if (!datafFi le)
cout « "Unable to open " « fileName « . No Mobile obj3 added.\n";
forGs)
int 1;
dataFile. yetlinettmp, slzeor(tmp));
i - strlen(tmp);
if (G <=0
break;
cout « "Length of input line is: " « i« "\n";
if {(tmpl0! 1- GOAL)
t< (tmplIO) 1- START))
// cout << "OBJECT line is: " << tmp « “\n";
if (sscanf(tmp, “tended™, irecType, sw, tl) - 23)
SetPolntFrom(domainTtmeSlices-1, w, 1, FROMANCWHF.RE) ;
SetPointTypo{doraainTimeSlices-1, w, 1, MOBIl.EjsaJECT) ;
newObl - obiList.SuildNewObjectlw, D;
If (newOij)
obiList.InsertNewObjecMnefctibt);
1/ cout « "Added obj to obj listNn";
else
cout « "Improperly formatted line ignoredNn™;

;)

dataFile.closel!) :

void Domain::setPermObjsInTimeSlice(int timeSlice)

t

int w, 1;

tc:r(w:<>;I w<domainWidth-5; w»t)
1-2;
mwitch (w)
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!
case 3:

case 4:
case 5:
brea*;
defauXt;
SetPointFrom(timeSllce, w, 1, FROMJ4CWHERE) ;
SetPointType(timeSlice, w, 1, OBJECT);
V4 SetAdjObjsInTimeSlice(timeslice, w, 1);

bréale;

for(W”0; w<domainWidth-10; w>+)
t
1-7F
SetPointFromltimeSlice, w, i, FROMNOWHERE);
SetPointType(timeSlice, w, 1, OBJECT);
// etAdjoObjalnTimeSliceltimeSllce, w, 1);

for(I»0, w-domainWidth-10; I<domainLenqth-2; )++)

switch(]ﬁ

case 3:

case 4:

case 5:

case 6:

case H:

case 15:

case 16:
break;

default:
Set PointFi“om( timeS lico, w, 1, FROM_NCWHERE) ;
SetPointType(timeSlico, w, 1, OBJECT);

// SetAdjOblsInTimeSlicé(timeSlice, w, 1);

breal:;

t
for(1-2, w-domaittWidth-5; I<domain[.enqth-V; 14+)

switch<il

case 9:

case 10:

case 11:
brea):;

default:
SetPointFrom(timeSlice, w, i, FROMNOWHERE);
SetPointTypo il11l-eSlice, w, t, OBJECT);

// SetAd.l10bjsInTimeSllcaltimeSlice, w, 1);

breafc;

1

for (w-"doms inWidth-5, I-domaiiH.angth-1; vKdomai nWidth i «++)

SetPo inlFrom (timeSlice, w,1, FROM_NOWHERF,) ;
SetPol nl.Type(tlImeSl ice, w,1, O5JECT);
11/ SetAdiObjsInTuneSlice(UmeSl ice, w, !

for(w-domainWidth-10, )"domainLenqth-2; w<domainWidth; w++)
SetPointFrom{timeSlice, w,1, FROM HOWHERE);

SetPointType(timeS e, w,1, CPJECT);
V4 setAd}Obj sinTimetulicé(timeSlice, w, 1);

void Domain::SetPointFrom(int timeSUce, int width, int length, int from)

if ((width < 0)

Il (length < 0)

11 (timeSlice < H)

1l (width >- (jomainWidth)

Il (length >« domalnLemith)

I (timeSlice >= domainTimeSlices))
return;

Imp - GetPoint(times)Lee, width, lenflth);

tmp->front » from;

void Domai

tiSetPointTyp«(Int titnfiSlice, int width, Int lenqth, char type)



/7/

char oldType;
POINT «trap;

if ((width < 0)

11 (length < 0)

1l (timeslice < 0}

11 (width >- domainWidth)

11 (length >- domainLength)

It (timeSlice >» domainTImeSlicesl)
return;

tmp - GetPoint(timeSlice, width, length);

oldType - tmptype;

tmp->type - type;

if (old'll'ype I» OBJECT)

SetAdjObjsInTimeSliceltimeSlice, width, length);

void Domain::SetStartFromFile(ehar*flieNam0)

//

int w, |I;

char reoType;
char tmp[2561;
fstream dataf

e;
datafile,openffileName, ios:

if (idatafile)
cout « "Unable to open " « filename « ", No

for(;;) |

datafile, getline(tmp, sizeof(tmp));

Start added.\n";

if (strlen(tmp) -- 0)
break;
If <tmpi0] — START)
cont « "The START line is: " « Imp « "\n"j
if (sscanf(tmp, “icicltd”, srecType, iw, «1) - 3)
SetPolntFromidomainTimeSlices-1, w, 1, FRGMNCWHERE) ;
SetPointType(domainTimeSlices-1, w, 1, START);
break;
1
else
cout « “"Improperly formatted line ignored\n”;

;)

dataFile.closed ;

void Domain::SetVertice3InTimeSlice(int t)

1

int w, 1;

int difr_coiinter, corner counter;
int side_bits, cornsr_bits;

for(w=0; w<domainWidth; w+i)

for( 1«0; KdomainLength; I1f4)
1
if (llsPointClear (t, w, 1))
continue;

corner bits - BITMASKCI.KAR;

corner counter - 0;

If (IsPointNearObject|t, w-1, 1-1))
1
corner bits 1- BITMASK 1.EFT;
cornerJ>it3 1I- BITMASKj~OP;
corner_cotmter++;
1

if (IsPgintNearObjectlt, w-1. 111))

corner_bits 1* BITMASK LEFT;
corner”bits 1™ UiTMASKABOTTOM;
corner counter!+;

if (laPointHearObject(t, w+1, 1ill))

1
corner bits I- BITMASK RIGHT;
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corner_bits 1- BITMASK_BOTTOM;
corner_counter++;
1

if (IsPointNearObjectlt, wn, 1-1))

corner_bits 1- BITMASK RIGHT;
corner_bits 1- BITMASK~TOP;
cor tiorcoun tfjr++;

If (corner_bits 1- BITMASK CLEAR]

1

sidebits - BITMASK CLEAR;

it UspointNeatObjectft, w-1, 1))
side bits I1- BITMASK_LEFT;

if (IsPointNearOb-jecttt, w, 1-1))
sidebits 1™ B1TMASK_TOP;

if (IsPointNearObject(t, w+l, 1))
sidebits 1- BITMASKJilGHT;

if (IsPolntNearObject(t, w, 1+1))
side_bits 1- BITMASKBOTTOM;

for(diff_coiinter-0;
(side_bits 1- BITMASKFLEAR)
11 (cornerbits !- BITMASKCLEAR);
side bits » - 1, cornerbits »- 1)

if ((cornerbits t (int)oxOl)
(* ((sidebits t (Int)OxQl) 1- (cornerbits S (int)0ox0l1)))

diff_cuunter++;
continue;

1
|f ((sidebits s (int)0x01)
Si ((sidebits i (int)Ox0l) 1!= (corner bits t (int)0x01))>
1
di.ff_counter++;
continue;

1

if ((diff counter > 2)

Il ((diffcounter — 2) a (corner_counter — 1)))
1
SetPoi ntFrom(t» w, 1, FROM NOWHERE);
SetPointTypelt, w, 1, VERTEX);

Il edge.lipp
typedef struct van

int t,w,l;

float dist;

struct van -prev, ‘next;
1 EDGEMODE;

class EdgelList
1
public:
EdgeList Q
~EdgeList();
EDGE_NODE* Bui IdNewEdge (irtt, int, InJu float);
vo id Dei Edge <EDGE MODE=<);
void DelEdgeTovertex(int, int, int);
EDGE NODE* GetFirstEdae(void);
EDGE"NODE™* GstNRXtEdge(EDGE_NOr>F.*)
void InsertNewEdge(EDGE NODE*);
void ListAllEdges(void! ;
private;
EDGE NODE “edgellead;
If

Il edge.cpp

(include <iostream.li>

«Include <alioc.h> // for coreleft(Q
»Include <stdlib.h> // lor 1toaQ
(include <string.h> Il for strcpyQ
(include "edge.hpp”

EdgeList::EdgeListO
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edgeHead - (EDGE_NODE*)NULL;
// cout « "EdgeList ConstructorNn”;

EdgeList: :~EdgeList()

while (edgeHead !- (EDGENODE*)NULL)
DelEdge(edgeHead);
// cout « "EdgeList Destructor\n";

EDGENODE* EdgeList::BuildNewEdge(int t, int w, int 1, float dist)
EDGE_NODE *a;

}} if fotherVertex "™ (void*)NULL)
a - (EDGE_NODE*)malloc(sizeof(EDGE_NODE));
if (a — 7eDGE_NODE*)NULL)

cout << "Out of Memory in BuildNewEdge!)\n";

exit H
(*a).t -
(*a) .w =
(*a).1 -
(*a).dist - dist;
(*a) .prev - (*a).next < (EDGE_NODE*)NULL;

return(a);

I return((EDGE_NODE*)NULL);

void EdgeList::DelEdge(EDGE_NODE*a)
EDGE_NODE*tmp;

Il cout « ‘"edge 0\n";
if (a 1" (EDGE_NODE*)NULL)

if ((a->prev mm (EDGENODE*)NULL) Il del last remaining edge
St (a—>1ext —  (EDGE_NODE*)NULL))
I cout « "edge I\n";
free(a);
edgeHead - (EDGENODE*)NULL
return;
if ((a->prev 1- (EDGENODE*)HULL) Il del edge In middle
tt (a->next 1- (EDGE_NODE*)NULL))

I cout « "edge 2\n";

tmp - a->prev;
tmp->next - a->next;
tmp - a->next;
tmp->prev - a->prev;
free(a);
return;
if ((a->prev - (EDGE_NODE™*) NULL) U del edge at sol

St (a->next 1= (EDGE NODE*)NULL))

// cout « "edge 3\n";
tmp m a->next;
tmp->prev - (EDGE_NODE*)NULL;
edgeHead <« tmp;
free(a);
return;

If ((a->prev !- (EDGENODE*)NULL) // del edge at eol
tt (a->next -> (EDGEJ40DE*)NULL))

Il cout « ‘"edge 4\n";

tmp - a->prev;

tmp->next - (EDGENODE*)MULL;
free(a);

return;
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void EdieList::DelEdgaToVertex(int t, int w, int 1)

EDGENODE " tmp;

Ior(tmpl— GetFlrstEdgeO ; tmp 1- (EDGE NODE4)NULL; tmp - GetNextEdge(tmp))
if ((tmp->t - )
si (tmp->w — W)
it (tmp->1 1])
t
DelEdge(tmp) ;m
break;

EDGENODF* EdgeList::GetFlratEdgeO

return(edgeHead);

EDGENODE™* EdgeList::GetNextEdge(EDGE_NODE*cur)

return(cur->next);

void EdieList::InsartNewEdgelEDGE_NODE “edge)

EDGE_NODE*cur;

if (edge — (EDGENODE*)NULL)
return;
if (edgriHead == (EDGENODE*)NULL)

edgeHead ™ edge;
edge->prev - edge->next = (EDGENODE*)NULL;

// cout « "lInserted edge into empty list
/7 cout « " (" << edge->t << « edge->w << ", m « <jdge->I «
// cout « "Dist - " « edge->dist « "\n";

return;

tor (cur«ed<jeHead; cur !- (EDGENODE*)NULL; cur»(*cur).next)

if ( tedge->t > cur->t)

Il t(edge->t — cur->t)

if. (>:dge->w > cur->w))
Il ((edge->t - cur->t)

SS (edge->w cur->w)

Si  (edge->1 > cur~>1)) }
1

// insert after Cur
if (cur->next -- (EDGENODE*)NULL)

edge->next = (EDGENOJEMNULL;// no more so append to
t>dge->prev m cur;

cur->next ** edge;

break;

1

eol

else
continue; _ // try next one
1
it ( (edge->t < cur->t)
1 ((edge->t ™ cur->t)
is (edgo->w < cur->w))
It ((edge->t < cur-">fc)
is (edge->w —« cur->w)
a (edge->1 < cur->1)) )

1 // lInsert before cur

if (curi>prev —  (EDGE~NODE*)NULL)
odge->prev " <EDGE_NODE*)NULL; // at st3rt of list
edge->next ~ cur;
cur->prev = edge;
edgoHead m edge;
break;
el as
edge->prev “ cur~>prev; // in middle/end of list



odge->next » cur;
cur->prev - edge;
cur « edge->prev;
cur->next - edge;
break;
if ( (edge->t -» cur->t)
<i (edge->w — cur->w)
<S (edge->1 - cur->1) )
/- already here - replace it ! */
cout « “"Already here -
cout « " (" « edge->t « « edge->w « « edge->
cout « "Dist - " « edge->dist « "\n";
cur->w * edge->w;
cur->1 - edge->1;
cur->dist - edge->dist;
free(edge);
break;
// cout « “Inserted edge into li3t ~;
1 cout « " (" « edge->t « « edge->w « " « edge->
I cout « "Dist « " « edge->di3t « "\n";
void EdieList: iListAllEdgesO
BDGE_NODE «edge;
for(edgi - edgeHead; edge I!m» (EDGE NODE*) NULL; edge »
cout « "Edge to ("
cout « (*edge) .t «
cout << (*edge).w «
cout « (*edge) .l « ™). Dist is " « (“edge) .dist
cout « 7 \n";
// object.hpp
-define FALSE O
edefine TRUE (FALSE
edefine GOAL "G~
-define START 'S
edefine OBJECT ~X~
edefine ADJ_TO_OBJECT "x*
edefine MOBILE_OBJECT °M~
-define CLEAR ~.~
~define VERTEX "V~
edefine NUMDTRS 7 /* this is the 8 horizontal directions; (0->7)
enum directions 1 front, back, left, right, frontright, frontleft

typedef struct o

int direction, velocity;
int w, 1;
struct o *prev,
) OBJECTNODE;

“‘next;

class ObjectLi3t

public:
ObjectListO ;
-ObjectListO ;
OBJECTNODE™* BuildNewObiect(int,
void DelAllObjects(void);
void DelObject (OBJECT_NODE*)
OBJECTNODE* GetNextObject(void);
void
void ListAllObjects(void);
private:
I OBJECT NODE
)

//object.cpp
einclude <iostream.h>

“objsctllead;

int);

InsertNewObject(OBJECTNODE™*) ;
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»include <alloc.h> Il  forCoreleftO
«include <3tdlib.h> Il for ltoa()
-include <string.h> Il for strcpyl)
Il «include "edge.hpp"

«include "object.hpp™

ObjectList: .-ObjectListO

objectHead - (OBJECT_NODEMNULL;
cout « "ObjectList Constructor\n";

ObjectList::-ObjectList(j

cout « "ObjectList DestruCtor\n";
DelAl10bject3() ;
1

OBJECTNODE* ObjectList::BuildNewObject(int w, int 1)
OBJECTNODE “newptr;

newptr - (OBJECT_NODE*)mal loc (sizeof I10BJECTJJODE));
if (newPtr -- (OBJECTNODE*)NULLI

cout « "Out of memory in BuildNewObject()\n";
return(NULL);

(’newPtr).direction = rand() % 1JUM_DIRS;
(*newPtr).velocity - 1;

(mnewptr).prev - (*newPtr).next - (OBJECT_NODE*)NULL;
(enewptr).w » w;

("newptr).1 - 1;

return(newptr);

1

void ObjlectList::DelAIIObjects()
OBJECTNODE *tmp;
while (objectHead !- (OBJECT_NODE-*)NULL)
tmp « objectHead;

objectHead - ("objectHead) .next.-
DelObject (tmp) ;

void ObjectList::DelObject(ORJECT_NODE -todie)
OBJECT_NODE *cur;

if ((("todie).prev I- (OBJECT NODE*)NULL)
it @©todie) .next !- (OBJECT NODE*)NULL))

H cout « "Deleted Object (" «_j.odie->w « « todie->1 « "I\n";
cur*(*todie).prev;
if (cur w= Lodie)

ObjectHead - (OBJECTNODE")NULL;
I cotit « "Object List EraptyVn";

free(todie);

return;

else

(*cur)-next” (*todie).next;

cur = (*todle).next;
(*cur),prev ~ (*todie).prev;
if (objectHead - todie)
objectHead - (*todie).next;
free(todie);
return; |
1
cout « "***Did NOT delete rotton Object (" « todie~>w « « todie->1 « ")\n”



OBJECT_NODE* ObjectList: .-GetNextObject Q
OBJECT_NODE*tmp;

If (objectHead — (OBJECT NODE*)HUI.L)
return((OBJECT_HODE*1NULL);

tmp - objectHead;
objectHead - objectHead->next;
return(tmp);

void ObjectList-.:InsertNewObject(OBJECTNODE*newPtr)
OBJECTNODE “cur;

if (newPtr -- (OBJECTNODE*)NULL)
return;

if (objictHead —  (OBJECT_NODE*) NULL)

objectHead - newPtr;
1-nethr)_prev - (*newPtr).next - newPtr;

else I
/* insert before first node */
cur - objectHead;
(*newptr).next - cur;
(enewPtr).prev - (*curl.prev;
(*cur).prev - newPtr;

cur - («newPtr).prev;
(*cur).next = newPtr;

objectHead - newPtr;

// cout « "Inserted object (' « newPtr->w «: "« newptr->1 «

void ObjectList::ListAilobjects(Q

OBJECTNODE™ tmp;

if fobjectHead —  (OBJECT_NODE*)NULL)
cout « "ObjectList is emptyW;
return;

foritmp—objectHead;;tmp - tmp->next)

cout « "Obiect:(" « « trop->1 « ”I\n";
tmp - tmp->next;
if ftmp objectHead)

cout « "ObjectList ended\n™;
break;

)

Il vertex.hpp
Idefine FALSE O
(define TRUE 1FALSE

#define GOAL *°G*

Idefine START =S-

Idefine OBJECT X"
Idefine ADJJFOOBJECT 'x'
(define MOBILE OBJECT "M~
Idefine CLEAR T."
Idefine VERTEX <V*

Idefine BTTMASKTOP (ini:)0Ox0«
Idefine BITMASK LEFT (int)Ox04
-define BITMASK~BOTTOM (int)0x02
Idefine BITMASKRIGHT (int)0x01
Idefine BITMASK_CLEAR (int)0x00
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typedef struct vn

cl

//

//
~i
~i
#1

Ni

#1

Ve

Ve

i
int t,w,l;

char nodeType;

struct vn *searchPrev, *searchNext;
float searchDist;

int searchMarker;

EdgelList *edgelList;

struct vn *pathFrom, *pathTo;
struct vn *prev, *next;

} VERTEX_NODE;

ass VertexList

public:
VertexList(Q;
-VertexList(Q ;
void AddToSearchList(VERTEX_NODE*);
VERTEX_NODE* BuildNewVertex(int,int,int,char);
int CalcRobotDir(VERTEX_NODE*);
void DelAllVertices(void);
void DelVertex(VERTEX_NODE™*);
int FindPath(void);
VERTEX_NODE* FindVertex(int, int, int);
VERTEX_NODE* GetFirstVertex(void);
VERTEX_NODE* GetGoalVertex(void);
VERTEX_NODE* GetNextVertex(VERTEX_NODE*);
VERTEX_NODE* GetStartVertex(void);
void InsertAllVertices(void);
void InsertNewVertex(VERTEX_NODE*);
void ListAllVertices(void);
void ListSearchList(void);
void MoveRobot(int, int, int, int);
void MarkPath(VERTEX_NODE*);
void RemoveFromSearchList (VERTEX__NODE*) ;
void TrimSearchList(void);
private:
VERTEX_NODE* vertexHead;
VERTEX_NODE* searchHead;
int searchMarker;
float searchTriraDist;

J;

vertex.cpp
nclude <iostream.h>

nclude <conio.h> // for getchoO
nclude <alloc.h> V4 for coreleft(Q
nclude <stdlib.h> // for itoa()
nclude <string.h> // for strcpyO

nclude "edge.hpp"
nclude "vertex.hpp

rtexList::VertexList)

vertexHead « (VERTEX_NODE*)NULL;
searchHead = (VERTEX_NODE*)NULL;
searchMarker =0 ;
searchTriraDist = -1.0;
cout « "Initialised Vertex class\n";

rtexList::-VertexList(Q

cout « "VertexList destructor started\n";
DelAllVertices(;
cout « "VertexList destructor ended!\n";

void VertexList::AddToSearchList(VERTEX_NODE*a)

VERTEX_NODE *tmp;

if (a = (VERTEX_NODE*) NULL)
return;

if (((*a).searchPrev 1= (VERTEX_NODE*)NULL) // if already

in fringe

I ((*a).searchNext != (VERTEX_NODE*)NULL)) // list, dont add again

return;
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if (searchHead - (VERTEXNODEM NULL)

searchHead - a;
a->pathFrom - a->pathTo - (VERTEXNODEMNULL;
a->searchProv - a->searchNext - a;
return;
for (imp - searchHead;tmp !- (VERTEXANODE*)NULL;)

if (a->searchDIst <- tmp->searchDist)

a->searchPrev - tmp->searchPrev;
a->scarchNext - tmp;
tmp->searchPrev « aj;

tmp - a->searchPrev;
tmp->searchNext = a;

if (searchHead — a->searchNext)

searchHead = a;
return;

if (tmp->searchNext - searchHead)
a->searchPrev = tmp;
a->3earchNext m searchHead;
tmp->searchNext - searchHead->searchPrev * a;

return;

else
tmp - tmp->searchNext;

VERTE%?ODE* VertexList::BuiidNewVertex(int t, Int w, int 1, char nodeType)
VERTEXNODE “newPtr;

newPtr = (VERTF.X_NODE*)malloc (sizeof (VERTEX_NODE)) ;

if (newPtr — (VERTEX_NODE*>NULL)
cout « "MallocO failed in BuildNewVertex!\n";
exit(0);

(“newPtr).t = t;
(*newPtr).w = w;
(CnewPtr).1 = 1;
(=newPtr).nodeType - nodeType;
(enewPtr) .edgelList - new EdgelListO;
(enewPtr) .pathTo =* (*newptr) .pathFrom e (VERTEXNODEM NULL;
(enewPtr).searchDist - 0.0;
(*newPtr).searchPrev - (“newPtr).searchNext - (VERTEXNODE*)NULL;
(enewPtr) .prev *m (“newPtr) .next = (VERTEXNODE*)NULL;
if (nodeType — START)
(*newPtr).searchMarker - searchMarker+1;
else
(enewPtr).searchMarker - searchMarker;
return(newPtr);

void VertexList::DelAllVertlces()

while (vertexHead != (VERTEX_NODE*)NULL)
cout « "About to delete (" « vertexHead->t << « vertexHead->w ;
cout « ", o« vertexHead->i « ") at addr: " « vertexHead ;
cout « : Prev:" « vertexHead->prev « " Next:"™ « vertexHead->next <<"\n";

DelVertex(vertexHead);

cout « B \n";
Il ﬂetcho;

void VertexList::DelVertex(VERTEX NODE etodio)

VERTEX NODE “tmp;
EDGENODE"a;

if (todie — (VERTEX NODE*)NULL)
return;
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/7
//
//
/7/
/7/
/7/
//
1/
1/
1/
//

for(a = todie->edgelList->GetFirstEdge{);
a 1= (EDGE_NODE*)NULL;
a = todie->edgeList->GetFirstEdge()

todie->edgelList->DelEdgeToVertex(a->t, a->wf a->1);

tmp = FindVertex(a->t, a->wr a->1);
if (tmp !'= (VERTEX_NODE*)NULL)
tmp->edgelList->DelEdgeToVertex(todie->t, todie->w, todie->1);

tmp = (VERTEX_NODE*)(a->otherVertex);
cout « "On vertex (' « todie->t « LT« todie->w «
cout « todie->1 « ") :Del edge to (" « tmp->t « ", «
cout « tmp->1 « ")\n";
cout « "todie at:" « todie « n. a at:" « a « "\nff?
cout « " tmp at:" « tmp « "\nn;
todie->edgeList->DelEdgeToVertex((void*)tmp);
cout « "On vertex (' « tmp->t « "," « tmp->w « ",

cout « tmp->1 « ') :Del edge to (M « todie->t
cout « todie->1I « ")\n";
tmp->edgeList->DelEdgeToVertex((void*)todie)?

delete todie->edgelList;
RemoveFromSearchList(todie)

tf ( ((*todie).prev (VERTEX_NODE*)NULL)
£& ((*todie).next == (VERTEX_NODE*)NULL) )
vertexHead = (VERTEX_NODE*)NULL;
free(todie);
return;
if ( ((*todie).prev 1= (VERTEX_NODE*)NULL)
&€ ((*todie).next 1= (VERTEX_NODE*)NULL) )
tmp = (*todie).prev;
(*tmp) .next = (*todie).next;
tmp = (*todie).next;
(*tmp) .prev = (*todie).prev;
free(todie);
return;
if ( ((*todie).prev == (VERTEX_NODE*)NULL)
Sfi ((*nljdie).next 1= (VERTEX_NODE*)NULL) )
vertexHead = tmp = (*todie).next;

(*tmp) .prev = (VERTEX__NODE*)NULL;
free(todie);

return;
if ( ((*todie).prev I- (VERTEXANODE*)NULL)
&& {(*todie).next == (VERTEX_NODE*)NULL) )
tmp = (*todie).prev;

(*tmp) .next = (VERTEX_NODE*)NULL;
free(todie);
return;

int VertexList::FindPath(Q

EDGE~NODE *e;

int goalFound=FALSE;

float dist?

VERTEX_NODE *cur, *adj, *dest;

if (searchHead->nodeType == START)
searchMarker = searchHead->searchMar)cer;
else

return(FALSE);

dest = GetGoalVertex(Q);

if (dest == (VERTEX_NODE*)NULL)

return(FALSE);
for (cur = searchHead; cur != (VERTEX_NODE*)NULL; cur

]

if ((cur->searchDist >= searchTrimDist)
fifi (searchTrimDist > 0.0))

RemoveFromSearchList(cur);
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continue;

cur->edgeLi3t->GetFirstEdge() ;

e !- (EDGE NODF,*) NULL;
cur->edgelList->GetNextEdge(e))

forfe -
e -

adj - FindVertex(e->t, 6->v, e->1);
if (adi — (VERTEXNODE”)NULL)

contihue;

// adj - <VERTEX_NODE*) e->otherVertex;
dIst " cur->searchDist me->dist;
if ( (adj->searchMarker 1= searchMarker)
1l ((adj->s«<uuhMarker -- searchMarker)
ii (adj->searchDist > dist)) )
1
if {(dist < searchTrimDist)
Il (searchTrimDist <- 0.0)>

adj->pathFrom - cur;
adj->searchMarker *
adj->searchDlat - dist;
AddToSearchLlaMadj);
if (adi->nodeType — GOAL)

searchMarker;

goaiFound - TRUE;
searchTrimDist - dlst;
MarkPath(adj);
TrimSearchList(Q);

1
1

RemoveFromSearchList(cut);

return(goalFound):

VERTEXNODE4 VertexList::FindVertex(int t, int w, int 1)

VERTEXNODE* cur;

forfcur — GetFirstVertex Q ;
cur 1= (VERTEXNODE*) NULL;
cur - GetNextVertex(cur))

if ((cur->t - 1)
it, (cuj:->w w)
fit (cur->1 - 1))

coturn(cur); Il found it

if ((cur->t >- ©)

ss (cur->w >a w)

ss (Cur->1 >- 11)
| break; Il passed it- it"s not in the list

return((VERTEX NODE*)NULL);

VERTEX NODE* VertexList::GetFirstVertex(Q

return(vertexHead);

VERTEX NODE* VertexList::GetGoalVertex(Q

VERTEXNODE"tmp;

for(tmp - GetFirstVertex!);
tmp i- (VERTEX NODE*)NULL;
tmp - GetNextVertex(tmp))

if (tmp->nodoType GOAL)

break;

return[imp);



VERTEX NODE® VertexList:jGetNextVertex(VERTEX MODE*cur)

return(cur~>next);

VERTEX_NODE* VertexList:jGetstartVertex0
VERTEXNODE™* tmp;
for(tmp - GetFirstVertex(Q);
tmp !- (VERTF,X_NODE*) NULL;

tmp m SetNextVertex!tmp))

if (tmp->nodeType - START)
break;

return (tmp) ;

void VertexList::InsertNewVertex (VKRTEXNODE <=al

VERTEXNODE *cur;

Li (a - (VERTEX NODE*) NULL)
return;
if (vertexHead - (VERTEX NODE*)NULL)

vertexHead -a:
(*a).prev - (*a) .next - (VERTEXNODE*)NULL;
return;

lor (cur-vertexHead; cur !- (VERTEX__NOOF.*) NULL; cur-(*cur) .next)

If ( (a->t > cuc-»>t)
11 ((a->t - cur->t)
(S (a->w > cur->w))
)1 ((a->t *== cur->K)
ss (a->w — cur->w)
ss (a->i > qur->1)) )
Il insert after cur

if ((*cTr).next - (VERTEXNODE*)HULL)
(*a),next - (*curi.next; Il eol - append new node
(*3).prev * cur;
(*cur).next = aj;
break;
else
continue; Il get next node

if ( (a->t < cur->t)

I {(a-Jt - cur->t)
ss (a->w < cui:->w))
11 ((a->t -= cur->t)

ss (a->w =*= cur->v)
ss {a->1 < cur->i)) )

1 // insert before cur

if (cur-.-prev — (VERTEX_NODE *) NULL)
a->prev - (VERTEXNODE*)NULL;1l at start of list
a-snext - <-ur;
cur->prev - aj;
vertexHead " a;
break;
t

else |
a->prev “ cur->prev; // in middle/end of list
a->next - cur;
cur->prev - aj;
cur “ a~>prev;
cur->next * aj;
ﬁreak;

|

if <(a->t - cur->t)
ss (a->w — _"iu->w)
ss (a->X - our->1))
[ Il Insert after cur at eol

if ((*ctir) .next — m (VERTEX NODE*) NULL)
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(-a(.next - (VERTEXNODE*)NULL;

(ea).prev - cur;
(ecur)._next » aj;
break;
else
| continue;
// cout « “Inserted vertex (;
// coutl« (*a).t « V" « (fa)-w « « (¢a) .1 «

void VertexList::ListAllVerticesO

VERTEX NODE *cur-vertexflead;

while (cur !- (VERTEXNODE*)NULL)
cout « "Vertex:" « (ecur).nodeType «
cout « (ecurl.t « "," « (ecur).w « "
cur->edgelList->ListAllEdges();
cur - (*cur).next;

istSearchList(Q

void VertexList:

VERTEX_NODE*CUr;

if (searchHead - (VERTEX_NODE<)NULL)
cout « "Empty SearchList! (marker-* «
return;
cout « "List of nodes in Search 1i3t (marker-"
cur “ searchHead;
do

cout << "SearchList node (" « cur->t «
cout « "Dist - ” « cur->searchDist « "\n";
cur-cur->searchNext;

while (cur !- searchHead);
cout « "End of SearchList\n";

void VertexList: jMarkPath (VEP.TEX_NODE*v)

VERTEX NODE *tmp;

if (v — (VERTEX_NODE*)NULL)
return;
// cout « "Path from Gnal to StartNn”;
V->pathTo = (VERTEXNODE*)NULL;
do

tmp = v->pathFrom;
1/ cout « (7 « v=>t « "," « V->W «
if (tmpI!— (VERTEX MODE*)NULL)

tmp->path™i“o - v;
v - v->pathFrom;

while (tmp 1- (VERTEX_NODE*)NULL);

void VertexList::RomoveFromSearchl.ist (VEP.TEX NODE-"a)

VERTEXNODE >cur;

if ((a->searchPrev - (VERTEX NODE*)NULL)
Il (a->searchNext -- (VERTEXNODE*)NULL))
if (searchHead -- a)
searchHead - (VERTEX NODE*)NULL;

13 -

")\n";

searchMarker

«
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return;

cur=a->searchPrev;
if (cur == a)

searchHead = (VERTEX_NODE*)NULL;

// cout << "Removed Search Node (;
// cout « ->t « "o« a->w « « a->1 « ') , SearchList empty\n";
else
cur->searchNext = a->searchNext;
cur = a->searchNext;
cur->searchPrev = a->seaichPrev;
if (searchHead == a)
searchHead = a->searchNext;
// cout « “"Removed Search Node (';
1/ cout « @a->t « ",n « a->w « « a->1 « ). \n";
a->searchPrev = a->searchNext = (VERTEX_NODE*)NULL;

void VertexList::TrimSearchList(Q

VERTEX_NODE *cur, *tmpPtr=(/ERTEX_NODE*) 0;
int trimmed=TRUE;

// cout « “Trimming search list to " « searchTrimDist « " or less\n";
if ((searchHead =- (VERTEX_NODE*)NULL)
Il (searchTrimDist < 0.0))
return;
cur = searchHead;
while (ftmthr 1= cur) || (trimmed == TRUE))

if (trimmed==TRUE)

tmpPtr=cur;
trimmed=FALSE;

if ((+cur).searchDist >= searchTrimDist)

// cout « “Trimmed out (;
// cout « cur->t « ",N « CUr->w « « cur->1 « )
// cout « "Dist was " « cur->searchDist « M\nM ;

if (cur == cur->searchNext)

RemoveFromSearchList(cur);

break;
else
tmpPtr = cur->searchNext;
RemoveFromSearchList(cur);
cur = tmpPtr;
trimmed = TRUE;
else
1 cur = cur->searchNext;
// cout « e —— \n";

B.6. Standard A* Graph Theory

The Standard A* Search Algorithm for Graph Theory which was implemented as part of this project was
coded in ANSI C++. The filenames for each of the separate source code files were supplied inside C++

format comments (i.e. //) at the beginning of each file listing. A detailed explanation of the design behind

this program was presented in Chapter 4.

// main.cpp
#include <iostream.h>
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<fstream.h>
<stdio.h>
<conio.h>
<alloc.h>
<stdlib.h>
<string.h>
<sys\timeb.h>
<dir_h>
<ctype.h>
“edge.hpp"”
"vertex.hpp"
“object.hpp™
"domain.hpp"
“"bench.hpp™

iinclude
~include
linclude
einclude
<lInclude
<include
=include
=include
=include
=Include
=include
=include

//
//
|
I

for getch O
for coreleft(Q
for itoa(Q

for strcpyf)

~include
=include
<define MAPFILE MASK "MAP*_DAT™

int maindnt, char**);

void BuildVertexListFromDomain(VertexLi3t4,
int CalcRobotDir(VERTEX MODE™*);
void FindAllEdges(VertexLists,
void MemStatus(char*);

int SetWorkingDir(void);

void RenameMapFilefchar*);

Domains);

Domaini);

int main(int argc, char** arav)

char* shortName;
struct ffblk mapfiie;

for(::)I
shortName - strstr(arqv[0]., "\\");
if (shortName - (char*)NULL)
shortName - argv(O];
cout « "This is " « shortName « "\n";
break;
else
I argqv(0l “ shortName+l;
MemStatusC~*Free memory before mainloop in main: ™);

if (!SefWorkingDir())

cout "Program exiting gracefullyXn";
return(l);

«

if (findfirst(MAPFILEMASK, imapfiie, 0))

cout « "Program exiting gracefully no map files

return(l);

do I

char tmp|2S6];

int i;

Benchmark stopwatch(shortName);
", inapfile. ff_name);

sprintf(tmp, "Starting on Vs:

MemStatus(tmp);
for (i-0; KNUMTTMES; 1in)
int flag, timeTaken;

float distTravelled;

Domain theWorld(10, mapfile.ffname

20, 20,
timoTaken 0;
distTravelled = 0.0;
stopwatch.lterStartli,
stopwatch.Cllefc 0 ;

for(s)

«

mapfilo.fXname);

VertexLIst vertl.ist;

DulldVertexListFromDomain(vertList,
FindAHEdges(vertl._.ist, thoWorld);
rl opWatch.Click Q ;
lheWorid.DrawbDomalnQ;
stopwatch.ellckQ;

flag vertList.FIndPathO ;
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3topWatch.Click(l;
if (flag ~ TRUE!
cout « "Path found the GOAL!\n";

el3G
cout « "No path found to GOALN\n":

1f Ia%)

VERTEX_NODE*tl, *t2;

tl - vertList.GetStartVertex I) (
if (tl 1= (VERTEX_NODE*)NULL)

t2 - tl->pathTo;
If (t2 1- (VEKTEX_HODE*)NULL)

if t(tl->w =- t2->w)
ss - t2->1)
ss (tz—inodeType — GOAL))

cout « “MADE IT TO THE GOALI!I\n";
break;

distTravelled +# theWorld.MoveRobot(tl->t, tl->w, tl->I,

t2->t,, t2->W, t2->1);
1

theWorld.AdvanceTIme(Q;
timeTaken++;

stopwatch.lterStopftimeTaken, distTravelled);

stopwatch.LogcalcsO ;
RenameMapF~l1le (mapfile.ff name) ;

H break;
while Il1findnext(taapflie));

MemStatusl”Free memory after mainloop in main: ”);
return(0);

void 8ulldVBrtexLIstFromDomain(VertexList svList, Domain (domain)

char type;
int t“domain.GetDomninTimeSlices(), a;

int wesdomain.GetDomainWidthO, b;
int I=domain.GetDomainLength(), =
VERTEX_NODE*newPtr, *gPtt, *sPUr;
for(gptr - sPtr = <VERTEX_NODE*)NULL, a-0; act; a++)
for(fc:O;I b<w; b++)
for(c-0; c<i; C++)

type " domain.GetPointType(a, b, c);

if ((type — VERTEX)
1l (type ™ START?)
Il (type — GOAL))

1
newptr - viLisfc. BuildNswVertex(a, b, c> type);

vList.insertNewVertex)newPtr);

if (type “* GOAL)

gPtr = newPtr;

if (type ~ START)

sPtr - newPtr;

1

1
|

If ((gPtr 1!- (VERTEX NODE*)NULL)
<< (sPtr 1- (VERTEX NODE*) NULLI.))

1
sPtr->3°archOist « 0.0;
1 vList.AddToSearchl.ist (sPtr) ;

1

void FIndAllEdae.i(Vertexi,i3t ivList, Domain(domain)
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|

EDGE_NODF.*e;
VERTEXNODE"a, "b;
float dist;

for(a = vLi3t.GetFirstVertex0 ;
a !- (VF.RTEXNODE*) NULL;
a » vLi3t.GetNextVertex(a))

for(b - vList.GetNextvertex(a);
b '- <VF.RTEX_NODE*)NULL;
b - viList.GetNextVertex(b))

If (a- b
continue;
if ((a->t - b->t)
Si (a->w — b->w)
st (a->1 -- b->1)J
continue;
dist ” domain.CheckLine(a->t, a->w, a->I, b->t, b->w, b->1>;

if fdist > 0.0!

- a->edgeList->BuildNewEdge(b->t, b->w, b->i, dist) ;

>edgeList->InsertNewEdge(e);

main.CheckLine(b->t, b->w, b->1, a->t, a->w, a->i);

- b->edgeList->BuildNewEdge(a->t, a->w, a->i, dist);

e
al_

i ** do

f (dis? > 0.0)
e
b-

>edgeList->InsertNewEdge(e);

void Mernstatus(char *StatusMes3age)

/7

char tmp[2561;
fstream debugFile;
long MemLeft;

debuqFile.open("DEBUG.LOG"™, ios::app);
if (ldebugFile)
cout « "Unable to open DEBUG.LOG\n”;

MemLeft - (long) coreleftO;

sprintf(tmp, ™is%ld\n™, StatusMessage, MemLeft);
debugFile.wcite(tmp, strlen(tmp));
debugFile.closed ;

cout « StatusMessage « MemLefl: « “\n";

int SetWorkingDirQ

char mapdir(256);
cout «"Enter the directory containing map files, or \"g\"
cin » mapdir;

if (toupper(mapdir(0]) Q")

cout « "Quitting...\n";
return(FALSE); -

if (chdli r(mapdir))

for quit:™;

cout « “The directory " « mapdir « " could not be found.Yn";

return(FALSE);

cout « “"Made "™ « mapdir « ” the current directory.\n”;
return (TRUE);

void RenameMapFiie(char*f ilefiame)

char nowfilefiame 1128);
char* ch;
int 1-dnt)

strcpy(newt ileflame, Tilename);



eh *m strrchrfnewfilename,i);

if (eh = (char*)NULL)
strcpy(ch, ™".bak™);
rename(filename, newfilename);
else
exlt(l);
// bench.hpp
»define FAi.SE O
»define TRUE jFALSE
»define NUMTIMES 10
»define MAXFILENAME 13

class Benchmark

public:
Benchmark(char*);
"Benchmark Q
void Click(void):
void IlterStart(int, char¥*);
void IterStopllint, float);
void LogCalcs(void);
private:
void Diff(struct timeb», struct timeb*,
fstreara logFile;
fatream avgFile;
char mapFileName(MAXFILENAMEJ ¥
struct timeb benchmarks[NUMTIMES][2);
float distltobotTravelled[NUMTIMES];
Int timeTaken(NUMTIMES);
int currentiter;
int clickToggleFlag;
struct timeb elapsedTime, computeTime;
struct timeb startTim clickOnTime,

//bench.cpp

eInclude <lostream.h>
einclude <fstream.h>
einclude <stdio.h>
einclude <alloc.h>
einclude <stdlib.h>
einclude <string,h>
einclude <sys\timeb.h>
eInclude “bench.hpp”

coreleftO
itoal)
strcpyO

// for
// for
// for

Benchmark: :Benchmark(char *f ileNatne)

struct timeb*);

ickOfCTime;

char *tmp;

char logname [MAXFILENAME?!;

while((tmp - strchr (fileNaroe, "W 1)) !“ (Char*)NULL)
flleName “ tmp+3.;

strcpy(logname, fileName);

if ((Imp - strchr(logname, ~.%)) !» (char*)NULL)
atrcpyftmp, ".LOG™);

el se
sticatlicgname, "._.LOG");

10gFl le.open (logname, ios: :app) ;

if" (1logFile)
Cout « "Unable to open ” « logname « "\n";

If ((tmp - strchr(logname, ~.7)) !- (char*)N(ILL)
3trcpy(tmp, “.AVG™);

else
strcat(logname, ".AVG");

avqFile.open(logname, ios::app);

if (javgFile)

cout « o<

“Unable to open lognama «

cout « "Initialised Benchmark class\n";
Benchmark: i~Bénchmar k Q
tl (iogFile)

logFile.flushO ;

“\n";
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logFile.close();
if (avgFile)

avgFile.flush(G;
avgFile.close();

cout « “"Closed log files and Destroying Benchmark class\nn;

void Benchmark: Click Q

switch(clickToggleFlag)

f

case TRUE:
ftime(ficlickOnTime);
clickToggleFlag = FALSE;
break;

case FALSE:

default:
ftime(f ickOffTime);

Diff(ficlickOnTime, ficlickOffTime, ficomputeTime);
clickToggleFlag = TRUE;

void Benchmark::Diff(struct timeb*start, struct timeb*stop, struct timeb*diff)
if ((*stop).millitm < (*start).millitm)

(*stop).millitm += (short)1000; /* carry when subtracting, stops*/
(*start).time += 1L; /* negative wraparound problems!*/

(*diff) . millitm += (*stop).millitm - (*start).millitm;
(*diff).time += (long){(*diff).millitm /7 (short)1000);
(*diff) . millitm %= (short)1000;

ifdiff)_time += ((*stop).time-(*start).time);

void Benchmark::l1terStart(int i, char*s)
currentlter = 1i;
clickToggleFlag = TRUE;
computeTime.time elapsedTime.time = OL
computeTime.millitm = elapsedTime.millitm » O;

strcpy(mapFileName, s);

ftime(fistartTime);

void Benchmark::lterStop(int t, float distTravelled)
struct timeb stopTime;

ftime(sstopTime);
Diff(fistartTime, SstopTime, TfielapsedTime);

benchmarks[currentlter][0].time -m elapsedTime.time;
benchmarks[currentlter][0].millitm *» elapsedTime.millitm?

benchmarks[currentlter][1]-time = computeTime.time;
benchmarks[currentlter][1]. 1itm tomputeTime.millitm;
timeTaken[currentlter] = t;
distRobotTravelled[currentlter] = distTravelled;

void Benchmark::LogCalcsQ

char tmp[256];

float avgDist;
struct timeb avg;
int i, avgTimeTaken;

for(i=0, avg.time=0L, avg.-.millitm=0, avgDist=0.0, avgTimeTaken=0;
I<NUMTIMES;
i++)
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sprintf(tmp, "%s (%02d) Elapsed time:%051d.S0SdXn", mapFileName, i,
benchmarks[i][0].time, benchmarks[i]J[0]-millitm);

logFile.write(tmp, strlen(tmp));

sprintf(tmp, "%s (%02d) Compute time:%051d.%03d\n", mapFileName, i,
benchmarks[i][1]-.time, benchmarks[i]J[1].-millitm);

logFile.write(tmp, strlen(tmp));

sprintf(tmp, "%s (%02d) Dist travelled:%f\n", mapFileName, i,
distRobotTravelled[i]);

logFile,write(tmp, strlen(tmp));

sprintf(tmp, "%s (%02d) Time Slices Taken:%d\n", mapFileName, i,
timeTaken[i]);

logFile.write(tmp, strlen(tmp))?

avg.time+=benchmarks[i][0].time;

avg.millitm+=benchmarks[i][0].mi

if (avg.millitm % 1000 != avg.mi

avg.time += (long)(avg.millitm / (short)1000);
avg.-millitm %= (short)1000;

sprintf(tmp, "%s Tot. Elapsed time:%051d.%03d\n", mapFileName, avg.time, avg.millitm);
logFile.write(tmp, strlen(tmp));

cout « avg.time « « avg.-millitm « "\nn;

cout « tmp « “\n";

i = (int) (avg.time % (long)NUMTIMES);
avg.time /= (long)NUMTIMES;

avg.mi itm += i1 * 1000;

avg.mi itm /= NUMTIMES;

sprintf(tmp, "%s Avg. Elapsed time:%051d*%03d\nn, mapFileName, avg.time, avg.millitm);
avgFile.write(trap, strlen(tmp));

// sprintf(tmp, w%s Avg. Elapsed time:%051d.%03d\n", mapFileName, avg.time, avg.millitm);
logFile.write(tmp, strlen(tmp));

for(i=0, avg.time=0L, avg.millitm=0; KNUMTIMES; i++)

avg.time+=benchmarks[i][1].time;
avg,millitm+=benchmarks[i][1].m
if (avg millitm % 1000 != avg.mi
|
avg.time += (long) (avg.millitm / (short)1000) ;
avg.millitm %= (short)1000;

itm;
1itm)

|
sprintf(tmp, "%s Tot. Compute time:%051d.%03d\n", mapFileName, avg.time, avg.millitm);
logFile.write(tmp, strlen(tmp));
i = (int) (avg.time % (long)NUMTIMES);
avg.time /= (long)NUMTIMES;
avg. itm += i1 * 1000;
avg.millitm /= NUMTIMES;
sprintf(tmp, "%s Avg. Compute time:%051d.%03d\n", mapFileName, avg.time, avg.millitm);
avgFile.write(tmp, strlen(tmp));
/7 sprintf(tmp, "%s Avg. Compute time:%051d.%03d\nM, mapFileName, avg.time, avg.millitm);
logFile.write(tmp, strlen(tmp));

for(i=0, avgTimeTaken=0; i<NUMTIMES; i++)
avgTimeTaken+=timeTaken[i];

avgTimeTaken = avgTimeTaken / NUMTIMES;

sprintf(tmp, "%s Avg. Time Taken:%d\n™, mapFileName, avgTimeTaken);

avgFile.write(tmp, strlen(tmp));

logFile.write(tmp, strlen(tmp));

for (i=0, avgDist=0.0; KNUMTIMES; i++)
avgDist += distRobotTravelled[i];
avgDist = avgDist / ((float)NUMTIMES);
sprintf(tmp, "%s Avg. Dist Travelled:%f\n", mapFileName, avgDist);
avgFile.write(tmp, strlen(tmp));
logFile.write(tmp, strlen(tmp));

aprintf (tmp, "lIs ========% ===========\n", mapFileName);
avgFile.write(tmp, strlen(tmp));

// sprintf(tmp, "%s ===
logFile.write(tmp, strlen(tmp));

mapFileName);

// domain.hpp
lIdefine FALSE O
»define TRUE jFALSE

Idefine GOAL "G1

«define START ’S”
idefine OBJECT »X1
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«define ADJ TOjOBJECT ~x~
»define MOBILE_OBJECT =“M1
({define CLEAR ~.~
«define VERTEX ?2v*©

«define BITMASKJTOP (int)0x08
«define BITMASK_LEFT (int)0x04
«define BITMASK_BOTTOM (int)0x02
«define BITMASK_RIGHT (int)0OxOl
«define BITMASKACLEAR (int)0x00

«define FROM_FRONT 0
«define FROM__BACK 1
«define FROM LEFT 2
«define FROM_RIGHT 3
«define FROM_FRONTRIGHT 4
«define FROM_FRONTLEFT 5
«define FROM_BACKRIGHT 6
«define FROM_BACKLEFT 7
«define FROMAUP 8

«define FROM_DOWN 9
«define FROM_NOWHERE 10

«define NOCOST (float)0.0

«define NORMAL (float)1l.0

«define NORMAL_DIAG (float)1.414214
«define BLOCKED (float)1000.0

typedef struct

float dist;
int from?

char type;
float cost[9];
) POINT;

class Domain

public:
Domain(int, int, int, char*);
-DomainQ;
void AdvanceTime(void);
float CheckLine(int, int, int, int, int, int);
void DrawDomain(void);
int GetDomainLength(void) ( return(domainLength); )
int GetDomainTimeSlices(void) ( return(domainTimeSlices); )
int GetDomainWidth(void) [ return(domainWidth); )
POINT* GetPoint(int, int, int) ;
float GetPointCost(int, int, int, int);
char GetPointFrom(int, int, int);
char GetPointType(int, int, int);
int IsPointClear(int, i , int);
int IsPointGoal(int, , int);
int IsPointNearObject(int, int, int);
int IsPointObject(int, int, int);
int IsPointStart(int, int, int);
int IsPointVertex(int, int, int);
float MoveRobot(int, int, int, int, int, int);
void SetPointFrom(int, int, int, int);
void SetPointType(int, int, int, char);
private:
void AgeTimeSlices(void);
int CalcRobotDir(int, int, int, , Int, int);
int ClearAdjPointOK(int, int, int);
void ClearMobileObject(int, int, int);
void ClearVerticesInTimeSlice(int);
void DrawTimeSlice(int) ;
void InitTimeSlice(int);
void MarkMobileObject(int, int, int);
void MoveMobileObject(OBJECT_NODE™*);
void MoveMobileObjects(void);
void SetAdjObjsInTimeSlice(int);
void SetGoalFromFile(char*);
void SetMobileObjsFromFile(char*);
void SetPermObjsiInTimeSlice(int);
void SetStartFromFile(char*);
void SetVerticesInTimeSlice(int);

ObjectList objList;
POINT** domainHead;
int domainWidth;
int domainLength;
int domainTimeSlices;
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// domain.cpp
~include <iostream.h>
#include <fstream.h>

#Include <alloc.h> // for coreleftQ
(finclude <stdio.h>

#include <stdlib,h> // for itoal
¢include <string.h> // for strcpy()

~Ninclude <conio.h>
~Ninclude "object.hpp™
finclude ™domain.hpp™

Domain::Domain(int numTimeSlices, int width, int length, char*mapFileName)

int i;
cout « “"Contructing Domain classNn™;
domainTimeSlices = numTimeSlices;

domainWidth = width;
domainLength = length;

cout « “"FreeHeap:" « farcoreleftQ « "\n";
cout « "Amount needed for one timeslice:
cout « width*length*sizeof(POINT) « "\n"?

domainHead = (POINT**)farcalloc(numTimeSlices, sizeof(POINT**));
if (domainHead == (POINT**)NULL)
cout « "Not enough memory to build model of world\n";

domainHead = (POINT***) NULL;
domainTimeSlices = domainWidth = domainLength =
return;

for(i=0; iCnumTimeSlices; i++)

domainHead[i] = (POINT*)farcalloc(width*length, sizeof(POINT));
cout « "FreeHeap after timeslice allocated:” « farcoreleft(Q
if (domainHead[i] == (POINT*)NULL)
if (i==0)
cout « “"Not enough memory to build model
else
cout « "Only enough memory to build ™ « [
cout « numTimeSlices « ™ timeslices in model of
domainTimeSlices = 1i;

break;

InitTimeSlice(i);
SetPermObjsInTimeSlice(i);

SetStartFromFile(mapFileName);
SetGoalFromFile(mapFileName);
eObjsFromFile(mapFileName);
; KdomainTimeSlices; i++)

SetAdjObjsinTimeSlice(i);
SetVerticesInTimeSlice(i);

; KdomainTimeSlices-1; i++)

AdvanceTime(Q;

cout « "FreeHeap after Domain allocated:"™ « farcoreleft(Q

« "\nn;

Domain::-DomainQ
POINT *tmp;
int i;
cout « "Destructing Domain class\n";
if (domainHead == (POINT**)NULL)
cout << "Not freeing domain - DomainHead was NULL\n";
return;

;. KdomainTimeSlices; i++)

tmp = domainHead[i];
farfree(tmp);

farfree(domainHead);
domainHead = (POINT**)NULL;
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cout « "FreeHeap after Domain deallocated:" « farcoreleftQ « “\n"

// gletch();

void Domain::AdvanceTiraeO

AgeTitneSlicesO ;

// DrawDomain{);
ClearVerticesInTimeSl Ice (domainTimeSl ices-1);
MoveMobileObjBctsO;

ff DrawDomain();

SetVer ticesInT itneSlice (domainTinieSl ices-1) ;
ft DrawDomain();
Frrrrrrerrrerrrrerrreerrrrrrrrrru el
n

// Copy the contents of every timeslice

// into the previous tlme3lice

// [01 - 1], 111 - [2]., etc.

// Leave the last timeslice unchanged.

// Another routine will decide the moves
77 for all the mobile objects.

// A qulcit way to do this is moving ptrs
// to the timeslices and only copying the
// contents of the last timeslice over the
4/ contents of the first timeslice

void Domain:;AgeTimeSlicesO
1
int i, j;
POINT *tmp;

tmp < domainHead[01;
for(i-0, j»l; i<domainTimeSllces~1; i+t, j++)
domainHeadtiJ « domainHead[j);
doma inHead IdomainTinioSlices-1] = tmp;
fmemcpy(domalnHead(doma inTimeSlices-11,
doma iriHead (doma inTimeS1lices-21,
sizeof("domainHead(domainTimeSlices-11)) ;

int Pomain::CalcRobotDir(int st, int sw, int si, int et, int ew, int el)

if ((!'lsPointStart(st, 3w, si})
11 (IsPointUoal {st, 3w, si.)))
return(clear);

if ((ew - sw > 0)
« (el - si > 0))

sw++, sl++;

if ((IsPointOlear(3t, sw, si))

Il {IsPointVertex(3t, sw, si))

It (IsPointGoal(st, sw, si)))
return(frontright);

else

if ((ew - sw > 0)
ss (el —I si - 0))

return(cleat);

SWH+;
If ((IsPointClear(st, sw, si))
It (IsPol titVertex (st, sw, 31))
11 (I3PointGoal (st, sw, si)))
return(right);
else
return(cleat);

if ((ew - sw > (D

44 (el - si < 0))
1
3W++, si— ;
if ((IsPointClear(st, sw, si))
Il (IsPointVertex(st, 3w, si))
11 (isPolnfcGoal{st, sw; si)))
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return(backright) ;
else
return(clear);

if ((ew - sw " 0)
St (el —I si > 0))

sl++;

If ((IsPointClear(st, sw, si))

Il (IsPointVertex(st, sw, si))

11 (IsPointGoal(st, sw, si)))
return(front);

else
return(cloar)j
1
it ((ew - sw -- 0) // silly, but just in case
44 (el - si - 0J)

1
return(clear);
1

if ((ew - sw «= 0)
it (el - si < 0))
1
si— ;
if ((IsPointClear(st, sw, si))
Il (IsPointVertex(st, sw, si))
11 (IsPointGoal(st, sw, 31))j
return(back);
else
return(clear)j
1

it ((ew - sw < 0)
SS (el - si >0))
1
sw— , sl++;
if ((IsPointClear(st, sw, si))
Il [IsPointVertex(st, sw, si))
11 (IsPointGoal(st, sw, si)))
return!frontleft);
else
return(clear);
1

If ((ew - sw < 0)
ti (el - si » 0)1

sw— ;

if ((IsPointClear(st, sw, si))

Il (IsPointVertex(st, sw, si)>

Il [IsPointGoal(st, sw, sl)(Q
return(left);

else

if ((ew - 3w < 0)
is (el —I si < 0))

return(clear!;

sSwW— , Si-— ;

if ((IsPointClear(st, 3w, sill

Il (IsPointVertex(st, sw, si))

Il (IsPointGoal(st, sw, sl))4-
return(backleft);

else

return tclear);

return(clear);

float Domain: :Checkl,ine(ittt at, int sw, int si, int et, Int ew, int el)

// static int dlsplayCounter-1;
int tmpt, tmpw, tmpl;
float dist;

for (dist“0.0, tmpt”et-st, I.mpw»ew-sw, tapl*el-sl;
(tmpt 1- 0) (I (tmpw D 11 (tmpl * 0);
tmpt-et-st, I;mpw-ew-sw, tmpl-el-sl)



if
ss
ss

if (tmptI < 0)

rleturn(-l.o);

if ((tmpw > 0)
ss (tmplI > 0))

dist += GetPointCost(st, sw++, sl++,
if (('IsPointClear(st, sw, si))
sc ((st 1- et) I (sw !- ew) [| (si I- el)))
return (-1.0);
continue;
{(tmpw > 0)
ss (tmplI — 0))
dist +- GetPointCost(st, sw++, si, right);
if (('lIsPointClear(st, sw, si))
ss ((st !=et) Il (sw I» ew) Il (si I- el)))
return(-1.0);
continue;
t
if ((tmpw > 0)
44 (tmplI < 0))
dist +- GetPointCost(st, sw++, si—, backright);
if ((ilsPointClear(st, 3w, si))
SS ((st ! et) || (sw !>ew) 1L (si !- el)))
return(-1.0);
continue;
if ((tmpw < 0)
SS (tmplI > 0))
di3t += GetPointCost(st, sw—, sl++, frontleft);
if ((!'lsPointClear(st, sw, si))
54 ((st 1= et) Il (sw I- ew) Il (si !» el)))
return(-1.0);
continue:
1
if ((tmpw < 0)
ss (tmpl — 0))
|
dist +- GetPointCost(st, sw—, si, left);
if (('IsPointClear(st, sw, si))
ss ((st !'=et) 1 (sw !- ew) Il (si
return(-1.0);
continue;
1
if ((tmpw < 0)
ss (tmpl < 0))
1
dist +- GetPointCost(3t, sw—, si—, backleft);
if (('lIsPointClear(st, sw, si))
ss ((st 1- et) Il (sw I- aw) || (si
return(-1.0);
continue;
1
if ((tmpw — 0)
ss (tmpl > 0))
|
dist » GetPointCost(st, sw, sl++, front);
if (('IsPointClear(st, sw, si))
ss ((st 1" et) tI (sw I* ew) || (si
return(-1.0);
continue;
|
if ((tmpw — 0)
55 (tmpl < 0))
1
dist GetPointCost(st, sw, si—, back);
if ((llsPointClear(st, sw, si))
ss ((st ! et) Il (sw l« ew) Il (31 I- el)))
return(-1.0);
continue;
|
((tmpw 0)
(tmpl -=* 0)
(tmpt >0))
|
dist «w» GetPointCost(stt-f, sw, 31, up);
If ((!'lIsPointClear(st, sw, si))
ss ((st I* et) Il (sw !I- ew) || (si !~ el)))
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return(-1.0);

continue;

11 cout « "CheckLine:" « diaplayCounter++ « ":returned"” « dist «

return(dist) ;

int Domain::CiearAdjPointOK(int t, int w, int 1)

char type;
int arb;

lor (a-w-1;a<“w*-1;a++)

if (@< 0 11 (a > domainWidth))
continue;
for (b»1-1;bol+1;b++)

if ((b <0 11 (b >= domainLength))
continue;

if (@ - w) ss (b- 1)
continue;

type « GetPointType(t, a, b);
if ((type -- OBJECT)
Il (type — MOBILE_OBJECT))

I return (FALSE) ;

return(TRUE);

void Domain: :ClearMobileOb-ject (int t, int w, int 1)

int i, j;
if (GetFI’ointTypett, w, 1) - MOBILE_OBJECT)
if {ClearAdjPointOK(t/ w, 1i))

SetPointTypett, w, 1, CLEAR);
SetPointFromlt, w, 1, FROMNOWHERE);

else

SetPointType(t, w, 1,
SetPointFromlt, w, 1,

ADJ TO_OBJECT) ;
FROM_NCMHF .RE) ;

for(i-w-1, j=*i-1; j<1+2;)

if ((GetPointTypelt, i, j) — ADJ_TO OBJECT)
ss (ClearAdjPointOK(t, i,_j)")

SetPointType(t, i, j, CLEAR);

SetPointFromlt, i, j, FROMNOWHERE);

if (- w+l)
i - w-1;
fr

else _
1+t;

void Domain::ClearVerticesInTimeSiice(int t)

int w, 1;
for(w=0; w<domainWidth; w++)

for(170; KdomainLenqth; 1++)

if (GetPointType(t, w, 1) -= VERTEX)

FROMNOWHERE) ;
CLEAR);

SetPointFromlt, w, |,
SetPointType(t, w, |1,

continue;
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if (Get?ointType(t, w, 1) — MOB1LEOBJECT)

ClearMobileObject(t, w, 1);

vold Domain::DrawDomainQ

//

int i;
for (i-0; it domainTimeSlices; i++)

DrawTimeSlice {1) =
3etchilf

void Domain::DrawTimeSlice(int timeSlice)

char type;
int a,b,y;

cirscr

gotoxy?l;,l);

cout « "time-t+" « timeSlice;
for(b-0, y«2;b<domainLength; b++, y+i)

gotoxy(l, y);
£or(a-0; a<domainWidth; a+M

type - GetpointType(timeslice, a, b);
switch(type)

case GOAL:

case START:

case ADJ_TO_OBJECT:

case OBJECT;

case MOBILE OBJECT:

case VERTEX:
cout « type;
break;

case CLEAR;
switch(GetPointFromitimeSlice,

case FROM,,RIGHT:
cout « "R™;
break;

case FROM _LEFT:
cout << "L";
break;

case FROMIiP:
cout << TU";
break;

case FROMDOWN:
cout « "“D™)
breafe;

Case FROM FRONT:
cout « “F7
break;

case FROMJ5ACK:
cout « "B";
break;

case FROMBACKI.EFT:
cout « B
break;

case FROMBACKRIGHT:
cout « Ut
break;

case FROMFRONTLEFT:
cout « "V7;
break;

case FROMFRONTRIGHT:
cout « W
break;

case FRCM_NOWHERE:

default:
cout «
break ;

a,

b))



break;
detault:

cout «

break;

cout « “\n

POINT* Domain::GetPolnt(int timeSlice, int width, int length)
POINT *tmp, *tmp2;
trap « domainHead(timeSlice);

tmpZ - tmp + (domainWidth*wldth) + length;
return(tmp2);

float Domain::GetPointCost(InL timeSlice, int width, int length, int dir)

point *r,mp;
tmp - Gett>oint( timeslice, width, [length);
) return(tmp->cost[die]);
char Domain::GetPointFrom(int. timeSlice, int width, Int length)
POINT “tmp;

tmp - GetPoint(timesllco, width, length) ;
return(tmp->from);

char Domain::GetPointType(int timeSlice, int width, int length)
POINT *s»p»

trap = GstPoi nt(timesllce, width, length
return(tmp->type)t

void Domain::InitTimeSllce(int timeSlice)

POINT " tmp;
int a,b;

for ta»0;a<doinainMldth ;a+>)
foe(b"PibcdomalnLenqth;b++)
tmp » GetPoint(timeSlice, a, b);
" .mp->dist-0.0;

tmp->£rom-FROM NOWHERE;
tmp->type=CLEAR;

If (timeSlice — ctomalnTimeSl ices-1)
tmp->cost(FROMUP] - SLOCKED;
else
tmp->co3t[FROM_UP] - FORMAL;

if ((a-I 0) 55 (b — 0))

tmp->C03t [FROMFRONTRIGHT | - NOHMALDIAG;
tmp-»COat IFROM RIGHT! - NORMAL;

ttnp->cost |[FKOM BACKKIGHT) - BLOCKED;
Imp->cost[FROM BACK) - BLOCKED;

t.mp->cost [FROM BACK1,EFT| - BLOCKED;
tmp->costl FROM LEFT] - BLOCKED;
tmp->costl FROM FRONTI.F.FTI ~ BLOCKED;
tmp->costl FROM FRONT) - NORMAL;
continue;

if (@™ 0) (S (b < domainLength-1))
t;mp->003t [FROM FRONTRIC.HT] - NORMALJHAG;

1.mp->cost[FROM“RIGHTI - NORMAL;
Imp-x:ost IFROM BACKTVKiHT] - NORMAL D1AG;
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tmp->cost[FROM_BACK] = NORMAL;
tmp->cost[FROM_BACKLEFT] = BLOCKED;

tmp->cost[FROM_LEFT1 = BLOCKED;
tmp->cost[FROM_FRONTLEFT] - BLOCKED;
tmp->cost[FROM_FRONT] = NORMAL;
continue;

if (@ == 0) & (b==domainLength-1))

tmp->cost[FROM_FRONTRIGHT] = BLOCKED;
tmp->cost JFROM_RIGHT] - NORMAL;
tmp->cost (FROM BACKRIGHT] « NORMAL DIAG;
tmp->cost|FROM BACK] - NORMAL;
tmp->cost| FROM BACKLEFT1 - BLOCKED;
tmp->co3t[FROM "LEFTJ - BLOCKED;
tmp->cost[FROM FRONTLEFT] - BLOCKED;
tmp->cost|FROM_FRONT] » BLOCKED;
continue;

if ((a < domainwidth-1) & (b - 0))

tmp->cost(FROM_FRQNTRIGHTI - NORMAL_DIAG;
tmp->costl FROM RIGHT] - NORMAL;
tmp->cost[FROM BACKR1GHT) - BLOCKED;
tmp->cost(FROM BACK] - BLOCKED;
tmp->co3t(FROM_BACKLEFTJ - BLOCKED;
tmp->coat(FROM LEFT] - NORMAL;
tmp->cost(FRQMFRONTLEFTJ - NORMALJHAG;
tmp->cost [FROMFRONT] - NORMAL;

continue;

if ((a < domainLength-1) &% (b < domainWidth-1))
|
tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->COST(FROM_RIGHT] = NORMAL;
tmp->Coat [FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_BACK] = NORMAL;
tmp~>COSt jFROM__BACKLEFT] = NORMAL__DIAG;
trap->COat[FROM_LEFT] = NORMAL;
tmp->coat[FROM FRONTLEFT] = NORMAL_DIAG;
tmp->cost[FROM~FRONT] = NORMAL;
continue;

if ({a < domainWidth-1) &% (b =- domainLength-1) )

tmp->cost |[FROM_FRONTRIGHT] - BLOCKED;
tmp-xx>st(FROM RIGHT) - NORMAL;
tmp->cost (FROM BACKRIGHT] - NORMAL_D IAG;
tmp->coatl FROMBACKJ - NORMAL;
tmp->costlIFROM~BACKLEFT] - NORMALDIAG;
Imp->coatl FROM LEFT] - NORMAL;

! .mp->cost [FROM FRONTLEFT| - BLOCKED;
tmp->co3t [FROM FRONT1 - BLOCKED;
continue;

if {(a == domainWidth-1) (b == 0))

tmp->cost[FROMFRONTRIGHT] - BLOCKED;
tmp->cost(FROMRIGHT1 - BLOCKED;
tmp->coar |FROM BACKRIGHT) - PI1,0CKED;
fmp->cost[FROM BACK) - BLOCKED;
tmp->cost [FROM BACKLEFT] <« BLOCKED;
tmp->c:03t( FROM LEFT” - NORMAL;

tmp-"»cost (FROM FRONTLEFT] - NORMAL DIAG;
tmp->cost (FROMFRONT) - NORMAL;
continue; —_—

if ((a == domainWidth-1) Si (b < domainWidth-1))

tmp->cost[FROM_FRONTRIGHT1 = BLOCKED;
tmp->cost{FROM_RIGHT] = BLOCKED;
tmp->cost[FROM BACKRIGHT] = BLOCKED;
tmp->cost[FROM_BACK] = NORMAL;
tmp->cost[FROM_BACKLEFT] = NORMAL_DIAG;
tmp->cost [FROM_I,EFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] = NORMAL_DIAG;
tmp->cost[FROM FRONT] = NORMAL;
continue;

if ((a == domainLength-1) si (b == domainWidth-1))
tmp->cost[FROM FRONTRIGHT] = BLOCKED;
\mp->cost[FROMIriIGHT] - BLOCKED;
tmp->cost[FROM_BACKRIGHT| = BLOCKED;
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Imp->CO3t|FROM_BACKJ = NORMAL;
tmp->CO3t(FROM_BACKLEFT] = NORMALJ3IAG
tmp->costlIFROM_LEFT] = NORMAL;
tmp->C03t iFROM_FRONTLEFT] = BLOCKED;
tmp->cost[FROM_FRONT] = BLOCKED;

continue;
int Dom?in::lsPointCIear(int t, int w, int 1)
if <(w < 0)
I {ﬁ<()
1 (t <0

Il (w >- domainWidth)

11 (1 >= domainLength)

Il (£t >= domainTimeSlices))
return(FALSE);

switch(GetPointType(t, w, 1))

case CLEAR:
return(TRUE);

default:

) return(FALSE);

int Domain::IsPointGoai(int t, Int w, int 1)

if w < _0)
il {{'<o
tl (t < 0)

Il (w >= domainWidth)

11 (1 >- domainLength)

Il (t >- domainTimeSiices))
return(FALSE);

switch(GetPointType(t, w, 1))

case GOAL:
return(TRUE);

default:

} return(FALSE);

int Domain::IsPointNearObject(int t, int w, int 1)

if {(w < 0
i {'<o
1 (t < 0

Il fw >= domainWidth)

Il (@ >= domainLength)

Il (£t >= domainTimeSlices))
return(TRUE);

switch(GetPointType(t, w, 1))

case OBJECT:
return(OBJECT);

case MOBILE_OBJECT:
return(MOBILE_OBJECT);

case ADJ_TO_OBJECT:
return{ADJ_TQ_OBJECT);

default:

| return(FALSE);

int Domain::IsPointObject(int t, int w, int 1)

if (<w < 0)

n @< o

1 (t < 0)

11 fw >= domainWidth)

un {1 >= domainLength)

1 tt >= domainTimeSlices))
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return(TRUE);
switch(GetPointType(t, w, 1))

case OBJECT:
return(0OBJECT)?
case MOBILE_OBJECT:
return(MOBILE_OBJECT);
case ADJJTQJDBJECT:
default:
| return(FALSE);

int Domain::IsPointStart(int t, int w, int 1)

if w < 0O

i {'<q’

I (t< o0

Il (w >= domainWidth)

Il (1 >» domainLength)

Il (t >= domainTimeSlices))
return(FALSE);

switch(GetPointType(t, w, 1))

case START:
return(TRUE)?

default:

I return(FALSE);

tIsPointVertex{int t, int w, int 1)

if w < 0

| <o

1 (t< 0

Il (w >= domainWidth)

Il (@ >= domainLength)

Il (t >= domainTimeSlices))
return(FALSE);

switch(GetPointType(t, w, 1))

case VERTEX:
return(TRUE);

default:

) return(FALSE);

(-

void Do n::MarkMobileObject(int t, int wf int 1)

[ H

q?i
int
if ((GetPointType (t, w, 1}
1 (Get?ointType €, w, 1

*= CLEAR)
ADJ__TO__OBJECT) )

SetPointType(t, w, 1, MOBILE_OBJECT) ;
SetPointFrom(t, w, 1, FROM NOWHERE);

for(@ -1, j=1-1; j<I+2;)

if (GetP?intType(t, i, j) == CLEAR) —-—

SetPointType(t, i, j, ADJ_TO_OBJECT);
SetPointFrom(t, i, j, FROM_NOWHERE);

it {. == w+l)

i = w-1;

5

i++;

void Domain: :MoveMoblleObject (OBJECT_NODE*rjbject)

int t-domainTimeSlices-1, w=(*object).w, 1-(*object).l
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ClearMobileQbject(t, w, 1);
switch(f*object).direction)

case front:
if (IsPointObject{t, w, 1+1))
(*object) .direction = rand() % NUMMDIRS;
else
(*object) .1++?
break;
case frontleft:
if (IsPointObject(t, w-Ir 1+1))
(*object) .direction = rand() % NUM_DIRS;
else
(*object) .1++, (*object).w- ;
break;
case left:
if (IsPointObject(t, w-1, 1))
("object) .direction = rand() % NUM_DIRS;
else
(Mobject) .w ;
break;
case backleft:
if {IsPointObject(t, w-If 1-1))
{eobject) .direction = rand() % NUM_DIRS;
else
(*object) .w— , {*object).l- ;
break;
case back:
if (IsPointObject(t, w, 1-1))
("object) .direction = rand() % NUM_J)IRS;
else
(Mobject)~l- ;
break;
case backright:
if (IsPointObject(t, w+l, 1-1))
(*object) .direction = randQ) % NUMJDIRS;
else
("object) .w++, (*object).1- ;
break;
case right:
if (IsPointObject(t, w+l, 1))
(*object) .direction = rand() % NUM_DIRS;
elsO®
(Mobject) .w++;
break;
case frontright:
if (IsPointObject(t, w+l, 1+1))
(*object) .direction = rand() % NUM_DIRS;

else
(*object) .w++, (*object).l++;
break;
default:
cout « "™** unknown direction for mobile object ignored ***\n"
break;

MarkMobileObject(t, object->w, object->1);

void Domain::MoveMobileObjects(G
OBJECT_NODE*cur, *orig;
orig ® cur * objList.GetNextObject();
if (cur == (OBJECT_NODE*)NULL)
return;
do |

if ((*cur).velocity > 0)
MoveMobileObject(cur);

cur = objList.GetNextObject{);
1 1 while (cur |- orig);

float Domain::MoveRobot(int st, int sw, int si, int et, int ew, int el)

float dist = 0.0;
int dir;
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if (!lsPointStart(st, sw, si)}
return(dist);

dir = CalcRobotDir(st, sw, si, et, ew, el) ;
SetPointType(st, sw, si, CLEAR);
SetPointFrom (st, sw, si, FROM_NOWHERE) ;

switch(djir)

case frontright:
dist = GetPointCost(st, sw, si, frontright)
st++, sw++, sl++?
if ((ilsPointClear(st, sw, si))
££ (!lsPointVertex(st, sw, si))
££ (lisfointGoal(at, sw, si)))
f
st— , sw— , Ssi— ;
dist = 0.0;

break;
case right:
dist - GetPointCost(st, sw, si, right);
sSt++, swt++;
if ((MIsPointClear(st, sw, si))
££ (!lsPointVertex(st, sw, si))
££ (ilsPointGoal(st, sw, si)))

st— , sw— ;
dist = 0.0;

break;
case backright:
dist = GetPointCost(st, sw, si, backright);
St++, sw++, si- ;
if (('lsPointClear(st, sw, si))
fii (!IsPointVertex(st, sw, si))
££ (1lsPointGoal(st, sw, si)))

st , SW , s1++?
dist = 0.0;

break;

case frontleft:
dist = GetPointCost(st, sw, s
st++, sw— , sl++;
if ((!lsPointClear(st, sw, si))
££ (!lsPointVertex(st, sw, si))
££ (1lsPointGoal(st, sw, si)))

, frontleft);

st— , sw++, si- ;
dist = 0.0;

break;
case left:
dist = GetPointCost(st, sw, si, left);
st++, sw— 7
if {(ilsPointClear(st, sw, si))
££ (ilsPointVertex(st, sw, si))
££ (ilsPointGoal(st, sw, si)))

st— , sSw++;
dist = 0.0;

break;
case backleft:
dist = GetPointCost(st?- sw, si, backleft);
st++f sw— , si- ;
if ((MIsPointClear(st, sw, si))
££ (ilsPointVertex(st, sw, si))
i£ (!IsPointGoal(st, sw, si)))

st— , sw++, sl++;
dist = 0.0;

break?

case front:
dist - GetPointCost(st, sw, s
stf+, sl++?
if ((ilsPointClear(st, sw, si)}
££ (!lIsPointVertex(st, sw, si))
s£ (llsPointGoal(st, sw, si))}

, front);

st— , si—- ;
dist = 0.0;
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break;
case back: )
dist = GetPointCost(st, sw, S|, back);
st++, si-— ;
if (('IsPointClear(st, sw, si))
ss ("IsPointVertex(st, sw, si))
&& (ilsPointGoal(st, sw, si)))

st— , sl++;
dist = 0.0;

break?
case up:
dist = GetPointCost(st, sw, si, up);
st++;
if ((ilsPointClear(st, sw, si))
£& (llsPointVertex(st, sw, si))
Si ('1sPointGoal(st, sw, si)))

st—
dist = 0.0;

break;
default:
1 break;

SetPointType(st, sw, si, START),
SetPointFrom (st, sw, si* FROMNGWHEPVE)
return(dist);

void Domain::SetAdjObjsInTimeSlice(int timeSlice)

foriw™0;, w<domainWidth; w++)
|
for (1=0; KdomainLength; 1+)

if (MIsPointObject(timeSlice, w, 1))
continue;

for @=w-1; ao*w+l; a+)

iIT (@< 0 ]I (@ >= domainWidth.))
continue;
for(b=1-1; b<=1+1; bt++)

if (b <0 |l ( >= domainLength))
continue;

if (GetPointType(timeSlice, a, b) =® CLEAR)

etPointFrom(timeSlice, a, b, FROM_NOWHERE);
SetPointType(timeSlice, a, b, ADJ_TO_QBJECT)
\

1

void Domain::SetGoalFromFile(char*fileName)

int i, w, 1;
char recType;
char tmp[256];
fstream dataFile;

dataFile.open(fileName, ios::in);
if (jdataFile)
cout « "Unable to open " « fileName « No Goal added.\n";

for(:)
ataFile. getline(tmp, sizeof(tmp));
if (strlen(tmp) == 0)

break;
if (UnpiO] == GOAL)
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Il cout « "The GOAL lino is: " « tmp « "\n";
1f (Sscalnf(trap, “iculld", Srec”l"ype, Sw, SI) - 23)
forf

1]
o

icdomainTimeSlices; 1*+)

SetPointFromfi, w, 1, FROMIJKjWHERE):
SetPointType(i, w, 1, GOAL);

break;
cout « “"Improperly formatted line iqgnoredSn™;

dataFile. closel);

void Domain: :SetMobileObjsFromFile(char*fileName)

t
int w, 1;

char recType;

char tmp[256];
tstream dataFile;
OBJECT NODE* newObj;

dataFile.open(fileName, ios::in);
if (idataFile)
cout « "Unable to open ” « £lleName « ", No Nobile objs added.\n"

for(;;)

dataFile. getllne(tmp, slzoof(tmpl);
i - strlen(tmp);

if (i «m 0)

break ;
cout « “"Length of input line 13t * « i « "\n"i
if (<tmp[O] i- GOAL)

ss (titip[0) !- START))

11 cOut << "OBJECT line is: " « tmp « "\n"f
if (sscalnf(tmp, "»cldld", srecType, Sw, si) —3)

SetPointFrom (doma .inTimeSl ices-1, w, 1, FROM_NOWHERE);
SetPointTypeldomainTimeSlices-1, w, 1, MOB1LEUBJF.CT)
newObj = obfList.BuildNewQbject(w, 1);

if (r.ewobi)

obiList.InsertHewObjeet(newObj);
ft cout << "Mded obj to obj list\n";

1

cout « “Improperly formatted line ignoredWw;

else

dataFile.cloael);

void Domain::SetPermobjsinTimeSllee(int timeSlice)
int w, 1;

foe(w»0; v/i<domainW idth-~; wn

1«2,
jwi t.ch (w)
case 3:
case 4:
ca3e 5:
break;
default :
SetPointFrom(timeSlice, w, 1, FROM NOWHERE);
SetPointType) t lice, w. 1, OBJECT);
H SetAdlObjsiiiTimeSlleeltimeSltce, w, 1i);
break;

for(w«n; W*doma Inwiflth-10; wt +)
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1-7;

SetPointFrom(timeSlice, w, 1, FROMNCWHERE);
SetPointType(timeSlice, w, 1, OBJECT);
// SetAdjObjsInTimeSliceltimeSlice, w, 1);

forfl*0, w»domainWidth-10; KdomainLength-2;

swi tch(l)

case 3:

case 4:

case b5:

case 6:

case 14:

case 1S:

case 16:
break;

default:

SetPointFrom (timeSlice, w, 1,
1,

SetPointType(timeSlice, w,

1++)

FRQM_NOTHERE) ;
OBJECT);

1;

// SetAdjObjsInTimeSliceltimeSlice, w,
1 break;
for(1-2, wdomainWidth-5; I<domainLength-7; 1++)
SWitch(?
case 9:
case 10:
case 11:
break;
default:
SetPointFrom (timeslice, w, 1, FKOM_NOWHERE);
SotPoi litType (timeslice, w, 1, OBJECT);
// S5etAdjoObjsInTimeSllice(tlimeSllce, w, 1)

break;

for(w«domainWidth-5, [I*domainLength-7; w<domainWldth;

SetPointType(timeSlice, w,

OBJECT);

SetPointFrom!timeSlice, w, 1, FROM NOWIIERE) ;
!
i

I SetAdiObjsInTimeSlice(timeSl

for (w-domainWidth-10, I=>domainLength-2;

ce, w, 1);

w<domainWidth;

SetPointFromftimeSlice, w, 1, FROMNOWHERE);

SetPointType(timeSlici3, w, 1, 0BJ

ECT);

11 Set.AdjObjsInTimeSlice(timeSlice, w, 1)

void Domain::SetPointFrom(Int timeSlice, int wi
POINT «Crnp;

if ((width < i

I'1 (length < 0)

Il (timeSlice < 0)

Il (width >- domainWidth)

Il (length >” domainLength)

Il (timeSlice domainTimeSllces))
return;

imp - ttetPolnt(timeSlice, width, length)

imm—>from « from;

void Domain:jSetPointTypelint timeSlice, int wi

char oldType;
POINT <tmp;

if ((width < 0)

11 (length < 0)

1l (timeSlice < 0)

11 (width >» domainWidth)

11 (length >» domainLength)

Il (timeSlice domainTimeSlices))
return;

tmp - “jetPoinf. (timeSl ice, width, length)

oldType - tmp--type;

tmp->type <= lvpe;

dth, int

dth, int

w++)
wt+)
length, int from)
length, char type)



ii [old'iype 1" OBJECT)

// SetAdjObjsInTimeSllceltimeSlice, width, length);

void Domain::SetStalilFromFile(chare[1lleName)

int w, 1I;

char recType;
char tmp1256);
fstream dataFile;

dataFile,open(fileName. ios::in);
it (jdataFile)
cout « “"Unable to open " « fileName « ", No Start added.\n";

for<; ;>

dataFile, getline(tmp, sizoof (tmp));

if (strien(trap) - 0)
break;
it (IMpor - sTarm)
1
// cout « “"The START line is: " « tmp « “\n”;
if (sscanf (trap, "SctdW, srecType, iw, 41) 3
1

SetPointFromtdoroainTirneSl ice3-1, w, 1, FROM NOWHERE)

SetPointType(domainTimeSliceS"1, w, 1, START);
break;

else
cout « “"Improperly formatted line IgnoredW;
1

datafile.closet) ;

veil Domain: ;SetVertices InTunésSl ice (int t)

int w, 1;
Int diff_counter, corner counter;
int side_bits, cornerbits;

£or(w«0; wcdoniainViidth; w++)

for (1-0; KdoroalnLenath; 11+)

if (llsPointClear(t, w, 1))
continue;

oornerbits - BITMASK_CLEAR;
cornercounter - 0;
if (1SPoinCNeaiObjeottt;, w-1, 1-1))

cornet:J5its |- BITMASKXEFT;
cornerbits I- BITMAStfTOPj
corner counter++;

if (IspointNearObiect(t, w-1, Ifl))

corner bits I- BITMASK LEFT;
corner bits 1- BITMASKABOTTOM;
corner_counter++;

if (IsPointNearOblecttt, w+l, HD)
1

corner bits 1- BITMASK RIGHT;
corner blts I- BITMASK”BOTTOM;
corner counLerU;

if (IsPointMearObjectlt, wH, 1-1))
corner Hits I1* BITMASK RIGHT;
emorner bits I- BITMARKjroOP;
comer_countor++ ;

if {cornet bits 1- BI1TMASKCLEftR)
»jde bit3 - BITMASKj "tEAR;

IT (I3HointNearOb) ect(t, w-1, 1))
side bit» 1- BITMASK I,EFT!
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If (IsPointNeatOb-ject [t, w, 1-1))
side bits BITMASKTOP;

if (IsPolntNearObject(t, w+l, 1))
sldejjits 1- RrcmSKJUGKT;

if (IsPointfiearObject(t, w, 1+1))
3ide_bits |= SITMASKHOTTOM;

for (dIff_cbunter=0;
(Side bits !- QITMASK CLEAR)
Il (corner bits !- BITMASK_CL£AR);
sideblts » « 1, corner”~bits » - 1)

if 1(corner_bits s (int)0x01)
ss ((side_bits * (int)0Ox01) 1I-
1
rii ff_counter++;
continue;
1
if ((sidej>its s (int)0x01)
si ((3ide_blts S (int)ox0l) 1I-

(corner_bits

(cornerbits

dilfcounter++;
conti nue;

if ((diff_counter > 2)
Il ((diff_countec — 2) ss

1
SetPointProm(t, w, 1, FROM_NOWHERE);

SlotpointTypeltr w, |, VERTEX!;

E5))]

(corner counter -

}

// edge.hpp
typedef struct van

Int

float dist;
struct van *prev,
1 EDGE_NODE;

“‘next;

class EdgeList

public:

EdgeList Q ;
-EdgeListl);
EDGE_NOI)E* BuildNewEdgelint,
void CtelEdge(EDGENODE*);

void PelEdgeToVertex(Int,

EDGE NODE* GetfirstEdqe(void);
EDGEJJODE* GatNextEdge(EDGE NODE1) ;
void InsertNewEdqe(EDGE_NGDE");
void ListAiiEdges(void);

private:
ED<SB_NODE
I;

int, Int, float);

int, Inc:;

“edgeHead;

// edae.cpp

linclude «iostream.h>
linclude eralloc.h?"
8include <stdlifc>.h>
#1Include <string.h>
ifinclude "radge.hpp™

core left Q
iloa Q
strcpyf)

for
Cor
fot

//
//

EdgeLiSi: :EdgeList

edgeHead - (F.OtSEJIODE*) NULL;

// cont « "EdgeList Constructor\n™;

EdcieLlst: i-EdgeList (I

(edgeHeSd !" (EDGE NODE ")NOLL)
D~N1Edge ledgellead) ;
"EdueLi3t nestructor\n";

while

/7 .rout «

EDGE NODE* EdgeLi st :: I'illdMowEdue (Int t, int w, int 1, float dist)

177

s (int)0x01)))

s (int)0x01))}



1
EDGE_NODE "a;

I/I/ if (otherVertex i” (void*)NULL)
a - (EDGE_NODE*)malloc(sizeof (EDGE_NODF.)) ;
if (a —I (EDGE KODE*)NULL)

couf. « "Out of Memory in BuildNewF.dgeO \n"
elxit(O);

(ma) .t - ti

(*a)-W a w;

(*a).l - 1

(ea) .disf di3t;

(*a).prev - (*a).next - (EDGENODE*)NULL;
return(a):

’

|
rle turn ( (EDGE_NODE*)NULL);

voidI EdgeList::DfilEdqge (EDGE_NQDE*a)
EDGE__NODE*tmp;

/7 cout << "edge 0\n"j
it (a !-I (EDGE_NODE*) NULL)

If ((a->prev «m (EDGE NODE*) NULL) Il del last remaining edge

4s (a->next — (EDGENODE*)NULL))
11 cout « "edge I\n";
free(a);
edgeHead - (EDGENODE®*)NULL;
rsturn;
if ((a->prev !- (EDGENODE*)NULL) // del edge In middle

ti {a->npext 1- (EDGENODE*)HULL))

11 cout « "edge 2\ji
trap * a-oprev;
trop->next = a->next;
tmp - a->next;
tmp->prev = a->prev,;
free(a);
return;
if ((a-?prev — (EDGENODE*)NULL) 11 del edge at sol
4« (a-inext 1- (EDGENODE*)NULL))
1 cout << “edge 3\n“;

tmp « a->nexfc;
trop->prev - (EDGENODE™*)NULL;
edgeHead - tmp;

frea(a);
return;
it ((a->pcev !- (EDGE NODE*)NULL) /'l del edge at eol
<4 (a->next — (EDGE NODE')HULL))
11 oout « "edge 4\n";
imp ® a->prev;
Lmp->next - (EDGENODE*)NULL;
rtee(a) ;
return;

void EdfeList::OeIEdquoVertex(inl t., Ini w, int 1)
EDGE NODE*tmp;

forft.mp - GetFiratEdge (); tmp ! (EDGE NODE*)NULL; tmp - GetNextEdgeltmp))

L
) if (bp>\ ©
61 (i.mp->w = w)
»4 (tmp->1 « 1)]

DelEdtje(i nip) ;
II‘rea):;
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EDGE_NOE)E* Edgeiist::GetFirstEdge()

return(edgellead);

EDGE NODE* EdgeList:jGetNextEdge(EDGE MODE'cur)

return(cur->next);

void EdfeList::InsettNewEdge(EDGENODE “edge)

EDGENODE'cur;

if (edge — (EDGENODE*)NULL)
return;
if fedgeIHead -- (EDGEJTODE*)NULL)

edgeHead - edge;
edge->prev - f?dge->next - (EDGE_KODE*|NULL;
I cout « "Inserted edge into empty list

I cout. « " (' « edge->t « ", * « edge->w « « edge->1 « ")y. ™
1 cout <<"Dist - " « ertge->disc « "\n”;
return;

for (cur*=ed<jeHsad; cur L- (EDGE MODE')HULL; cur-(*cur).next)

if ( (edge->t > cur->t)
Il ((edge->t —e ctjr->t)
«4 (edge->w > cut->w))
Il ((edge->t Tmcur->t)
ss (edge-sw e« ¢ cur->w)
44 (edae->i > cur-M)) >
| /1 insert after cur
if (cur-|>next — (EDGEJWDE')HULL)

edge->next - (EDGEMODE*)NULL;// no more so append to eol
sdge->prev » eiir;

cur->n»xt - edge;

break;

9lse

I
if ( (<?dge->t < cur->t)
It ((edge-»>t ™= cur->t)
44 (edge->w < cur->w])
1| ((ecige->t ¢ cur->t)
44 (edgo->w -- cur->w)
44 (edge->I < cur->U) )
| Il insert before cur
if (cur-|>prev — (SDGEMODE*)NULL)

continue; Il try next one

edge->prev - U.DGEMODE*) NULL; // at start of list
«l(}<e->nf>xt - cur;

our->prev « edge;

edcjellead - edge;

break;

else

edge->prev = cur-fprev; /1 in middle/end of list
edge->next - cur;

cur->prev = edge;

cur * edge->prev;

cur->next - edge;

blreak;

if ( (edge->t — cur->t)
44 (edge->w == cur->w)
44 (edgle->l == cur->1) )

/+ already here - replace It i */
etout « "Already here - [«placing values and disposing t>f new edge
cout « " (" << «dge->l. « "« edge-tv < << edge->1 « ). "™
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cout « "Dist - " «m edge->dist « "\n";
cur->w = edge->w;
cur-M - edge->1;
cur->dist - edge->dist;
tree (edge) ;
break;

J
11 cout << "Inserted edge Into list
[N cout « * (7 « edge->t « « edge->w << ",“ « edge->1 « *). "j
// cout « "Mat m " « edge->di3t «

void EdgeList: :ListftlIlEdges()
EDGENODE ‘edge;
for (edge edgeHead; edge 1= (EDGENODE*)MULL; edge " (‘edge).next)
clout « "Edge Co (";
cout « (*edge).t «

cout « (edge).w << ;
cout « (*edge).l « 7). Dist is " « (*<?ge).dist « "\n";

Il object.hpp
Ildefine rALSE O
»define TRUE iFALSE

idefine OORL 'S*

(define START 'S’

edefine OBJECT 'X'
Idefine ADJTO OBJECT X’
(idefine MOBILE OBJECT 'M’
»define CLEAR '

edefine VERTEX 'V

Sdefine MUM DIRS 7 /* this is the 6 horizontal directions; (0->7) */
enum directions | front, back, left, right, frontright, frontloft, backright, backleft,

tvpedef struct o

ir.t direction, velocity;
int w, 1;

struct o “prev, ‘next;
( OBJECT MODE;

class ObjectList

public:

ObjectList () ;

-OblectList() ;

OBJECTNODE* BulldNevObject(int, ,::t);
void PelAUObjecl.3(vold!;
void DelObject(OBJECTNODEM;
OBJECT_NOUE* GeUlexWhject (void) ;

void InsertNewObject(OBJECT NODE* ;
void Li3tAll0biects(void);
private:

OBJECT NODE »objectllead;

;
/'l object.cpp
<include ~iostream.h?

#1Include <alloc.h> /] tor core lei 11)
i/Include <st.dllh.h> N for 1toa()
»include <string.h> U for strcpyu

Il »include "edge.hpp”
Jinclude "object..hpp"

Objscttist::ObjectList ()

objectHead - (OBJECT nohf.m NULL;
cout « "ObjectList Con.itructorXn";
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ObjectLtist::'ObjectList(J
cout « "OhjectLiat DestructorXn";
IIDeIAIIObjectsO;

OBJECT NODE* O bjectlList::BuildNewObject(int w,

BJECT_NODE ‘newPtr;

newPtr = _
if (newPtr == (OBJECT_NODE*)NULL)

cout « "Out of memory in
return(NULL);

(*newPtr).direction = rand{) % NUM_DIRS;
*newPtr). velocny = 1;

newPtr). prev = newptr).next =
(»newPtr) w =

*newPtr). 1:1
return(newpPtr);

void ObjectList::DelAllObjects ()

OBJECT_NODE *tmp

while (objectHead 1- (OBJECT NOPE*)NULL)
tmp - objectllead;
objectHead - ('objectllead)

DelObject(tmp);

next;

void ObjectList: .-EelObject (OBJECT_NODE *todie)

OBJECT NODE -cur;
if (((‘todie).prev I-
is (Ctodle) .next !=

|

11 cout "Deleted Object (" «

cur-l*todie).prev;
if (curl— todie)

objectllead -

(OBJECT_t!OOE* ) NULL)
(OBJECT_NODE-) NULL))

todie->w « «

int 1)

(OBJECT_NODE*)malloc(sizeof(OBJECTIJTODE));

BuildNewObjectO\n";

(OBJECT_NODE¥)NULL;

todie->1 « ™)\n";

(OBJECT NODE ) NULL:

11 cout « “Object List Empty\n";
free(todie);
return;
else
(*cur) . (*todle) .next;
*ur ~ (+* die).next;

j‘cut) .prev 'm (‘todie).ptev;

if (objectllead — todle)

objectllead m (mtodie)

free(todie);
return;

t

cout « “eest'ld NOT delete
|

rotton Object

OBJECT_NODE* O bjectList::GetNextOhject()
OBJECT_NODE*tmp;

it (objectHead == (OBJECT NODE*NULL)
return ((OBJECT NODE'!NULL) ;

I-F = objectHead;
objectHead = objectHead ->next;
rlelurn (tmp);

.next;

todic->w « « todie->I «

" «
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void O b('ectL ist::InsertNewObject(OBJECT_NODE*newPtr)

OBJECTNODE ‘cur;

if (newPtr — (OBJECTJIODE*)NULL)
return;

if (objelctHead — (OBJECTNODE*) NULL)

objectHead - newPtr:
i-nethr).prev « (‘newPtr).next - newPtr;

else

/* insert before first node */
cur * objectHead;
(»newPtr).next * cur;
(‘newPtr).prev » (*cuc).prev;
(*cur).prev - newPtr;

our - (‘newPtr).prev;
(ecur).next - newPtr;
objectHead » newPtr;

11 cout « "lInserted object {" << newptr->w « « newptr->i «

void ObfectList::ListAllObjects()
OBJECT_HODE*trap;
if iobjectHead — (OBJECT_NODE* )NULL)

cout « "ObjectList is einpty\n";
return;

£or(ltmp«objectHead;;tmp - tmp->next)

cout « "Object:(" « tmp->w « « tmp->1 « ")\n";
tmp - t.mp->next;
if itmp =» objectHead)

cout « "ObjectList ended\n”;
break;

1
I

Il vertex.lipp
»define FALSE 0
»define TRUE 1FALSE

«define GOAL 'G'

»define START 'S’

«define OBJECT 'X'
«jdefine ADJ TO OBJECT 'x'
«define MOBILEOBJECT 'M'
«define CLEAR T.'

«define VERTEX 'V'

«define BITMASKTOr (int)0x08

«define BITMASK LEFT (int)0x04 _
edefine BITMASK"BOTTOM (int)0x02

»define BITMASK RIGHT (int)0x01

«define BITMASK CLEAR (int)0x00

typedef Istruct vn

int tw, 1;

char nodeType;

3truct vn ‘fleacchPcev, * irchNext;
float searchDist;

int scarchMarkor;

EdgeList ‘edoelist;

struct vn ‘pathE'rom, ‘p.ithTo;
struct vn ‘prev, ‘next.;

| VERTEX NODE;
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class VertexList

public:
VertexList();
-VertexList() ;
void AddToSearchList(VERTEX_NODE?*);
VERTEX_NODE* BuildNewVertex{in t,in t,in t,cham\
int CalcRobotDir(VERTEX_NODE®);
void DelAllVertices(void);
void DelVertex(VERTEX_NODE*) ;
int FindPath(void);
VERTEX_NODE* FindVertex(intf int, int);
VERTEX_NODE* G etFirstVertex(void);
VERTEX NODE* GetGoalVertex(void)?
" VERTEX_NODE* GetNextVertex(VERTEX_NODE®);
VERTEX_NODE* G etSIartVertex(VOId)
void InsertAIIVertlces(vmd?
void InsertNewVertex VERTEX_NODE*>?
void ListAllVertices(void);
void ListSearchlList(void);
Il void MoveRobot(int, int, int, int);
void MarkPath (VERTEXJvIODE*) ;
void RemoveFromSearchLlst(VERTEX NODE*);
void TrimSearchList(void);
private:
VERTEX_NODE* vertexHead;
VERTEX_NODE* searchHead;
int searchMarker;
float searchTrimDist;

[l vertex.cpp

Ainclude <iostream.h>

ffinclude <conio.h> Il forgetch()
#include <alloc.h> Il forcoreleft()
ANinclude <stdlib.h> Il foritoa()
#include <string.h> Il forstrcpyQ
MNinclude ”edge.hpﬁ'

tinclude "vertex.hpp'l

VertexLIisI::VertexList()

vertexHead = (VERTEX_ NODE*)NULL
searchHead = (VERTEX_NODE*)NULL;
searchMarker = 0;
searchTrimDist = -1.0;
cout_« ‘"Initialised Vertex classXn”;

V-Irtex List::-VertexList()
cout « "VertexList destructor started\n"’

DelAllVertices();
cout « "VertexList destructor ended!\n"

void VertexList::AddToSearchList(VERTEX_NODE*a)
I
VERTEX_NODE *tmp;

it (a == (VERTEX NODE¥)NULL)
return;

f(((+a).searchPrev != (VERTEX NODE*NULL) // if already in fringe
Il ((+a).searchNext != (VERTEX_NODE*)NULL)) // list, dont add again
return;

f (searchHead == (VERTEX_NODE*)NULL)

f
searchHead = a;
a->pathFrom = a->pathTo = (VERTEXANODE*)NULL;
a->searchPrev = a->searchNext = a;
return;
for (tmp = searchHead;tmp != (VERTEX_NODE*)NULL;)
if (a-"searchDist <= tmp->searchDist)

a->searchPrev = tmp->searchPrev;
a->searchNext = tmp;
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i;mp->searchPrev ma;

imp - a->aearchPrev;

tmp->searchNext - a;

if (searchHead -m» a->searchNext)
searchHead ~ a;

ll’etum;

li (tmp->3earchNext " searchHead)

r.->searchfrev = trap;

a->searchNext * searchHead;

tmp->searchNext - searchHead->searchPrev - a;
return;

else
imp « tmp->searchNoxt;

VERTEX TODE* VertexList::Bui ldNewVertex(int L, inc w, int 1, char nodeType)
VERT'EX_NODK -newPtr;

newPtr - (VERTEXNODE*)nralloc(sizeof(VERTEX_NODEL);
if (newIPtr — (VERTEXNODE*) NULL)

cout << "MallocO failed in BuildHewVertexl \n";
elxit(O);

(*newptrj.t - t;
(’newPtr).w = w;
CnewPtr) .1 o |t
(’newPtr).nodeType - nodeType;
(‘'newPtr).edgeList m new EdgelListO;
(‘newPtr) .pathTo - ('newPLr) .patliFrom - (VERTEX NODE')NULL;
(enewPtr).searchDist = 0.0;
(‘newPtr).searchPrev - (*newPtr),searchNext - (VERTEXNODE*)NULL;
('newPtr) .prev - (*newPtr) .next = (VERTEX NODE*)NULL;
iE (nodeType — START)
(*newFtr).searchMarfcer —searchMarker+1;
else
(*newFtr).searchMarker - searchMarker;
return(newPtr);

void VertexList::DelAliVertices()

while (vertexHead !m= (VERTEX NODE*) HULL)

cout « "About tb delete (" « vertexKead->t « " *'<< vertexHead->w ;
11 cout << « vertexHead”>l « ") at addr: " « vertexHead ;
/1 cout « Prev:” « vertexHead->prev « Next:" « vertexHead->next <<"\n”

DelVertex(vertexHead);

't oeltch 0;

void VertexList::pejVertex(VERTEX MODE ¢todle!
t
VERTEX_NODE ‘tmp; —
ECGE__NODE+a ;

if (todie — tVERTEX_NODE')NULL)
return;

for(a - todie->edgeLi3t-?GetFirstEdqge();
a !- (EDGE NODE*) NULL;
a - tOdie->edqgelList->Get;FlrstEdOe ())

t.6die->edijeLIst->DelEdgeToVertex (a->t, n->w, a->i) ;
mp = FindVettox (a->t, a~>w, a->1);

if itmp - (VERTEX NODE»)NULL)
rmp->ed(jeList->DelEdgeToVext.ex(todla->t, t.odic->w, todie->1I) ;
11 imp - (VERTEX MODE¥*) (,-wother V7 itex);
cout tv "nn vertex (" « todie->t « todie->w <<
e-out <v tinlie-JI ' “):Del odfje 1.0 (" << tmp—] « "« tmp->w «

B- 184



cout « tmp->1 « “)\n";

coot « "todie at.:” << todie « a at:“ << a « "\n";

cout « * tmp at:” « tmp << "Vn";

todie->e<tinSL 1st->DelEdgeToVortex ((void*) tmp) ;

cout « "On vertex (" « tmp->t « "« tmp->w o«

cout « tmp->I « "):Del edge to (" « todie->t: « « todie->w «
cout « todie->1 « “)\n";
tmp->edgeLi3t->DelKdgeToVOrtex((void4)todie);

delete todie->edgelist;
RemoveFromSearchList(todie);

if ( ((*todie).prev — (VERTEX NODE* MUM,I
ss ((‘todie).next (VERTEX NODE*)NULL) )

vertexHead - (VERTEXNODE*)NULL;
free(todie);

>eturn;
if ( ((‘todie).prev I- (VERTEXNODE*)NOLL)
ss ((‘toldie).nexl I- (VERTEXNODE*)NULL) )

tmp m (‘todie).prev;
(*tmp).next * (*todie).next;
tmp - (*todie).next;
(*tmp).prev - (‘todie).prev;
free(todie);

return;
if ( ((‘todie).prev — (VERTEX_NODE®) NULL)
sS ((‘todie).next !- (VERTEX_NODE*)NULL) )

t

vertexHead * tmp - (*todie).next;
(*tmp) .prev - (VERTEXNODE*)NULL;
free(todie);

return;

if ( (t*todie) .prev [- (VERTEX NODEMNULtI)
Ss ((‘toldie).next — (VERTEX NOOE'INULL) )

tmp - (‘todie).prev;

(*tmp).next » (VERTEX_NODE*)NULL;
free)todie)i

return;

int VertexList: :Find Path ()

EDGENODE *e;

int goalFound»FALSE;

float dist;

VERTEX_NODE *cur, *adj. Meat;

if (searchHead->nodeType ” START)
searchMarker ” 3earchHead->searchMarker;
else
return 1FALSE);

dest - GetGoalVertexi);

if (dest — (VERTEX_NODE*)NULL)
return(FALSE);

for (curI ” searchHead; cur !- (VERTEX NODE*tNULL; cUr ' searchHead)

if ((eur->searchDist >- searchTrimDist)
SS (seatlchTrimPist > 0.0))

RemoveFromSearchLlIst(cur);
continue;

for(e - cut->edgeList->iJetFir3ti:dae() ;
e !“ (EDGE_NODE*) MULL;
p = cuc->ndoaLlst->OetHextF.dge(e) )
adj ” FindVertex(e->f, »->wr e->1);
If (adj — (VERTEX,NODE*)HULL)
continue;

11 adj - (VERTEXNODE*) “-motherVertex;
disi: - oir-XiaarchDIlut i e-'dlst;

ii ( (ad]->j:fatchnarker !" aearchMarfcei)
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11 {(adj-~searchHarkei — searchMarker)
ss (adj->searchDist > dist)) )

it ((dist < searchTrimDist)
I'l (searchTrimDist <w 0.0)}

adj->pathFrom «cuts
adj->searchMarker - searchMarker
adj->soarchDist - dist;
AddToSearchList(adj);

it (adj—l>n0deType — GOAL)

goalFound - TRUE;
searchTrimDist - dist;

MaDcPaUi(adj);
TrimsearchListt);

1 1
RemoveFromSearchList(cur);

return(goalFound);

VERTEX_NODE* VertexList;:FindVertex(int t, int w, int 1)
t
VERTEX NODE* cur;
for(cur - GetFirstVertexO ;

dir !- (VERTEX MODEM NULL;
cur - GetNextVertex(cur))

it ((cur->t t)
SS (cur->w w)
ss (cur->1 -- 1))
return(cut); /1 found it

if ((cur->t >« U
is (cur->w >= w)
SS (cur->1 >= 1))
break; I/l passed it—it’s not in the list

rleturn ( (VERTEX_NODE*| NUM) ;

VERTEX MODE* VertexList: iGetFirstVertexO

return (vertexHead) ;

VERTEXNOI.1IE* VertexLlist: jGetGoalVertexi)
VERTEX NODE*tmp;
for (tmp - GetFirstVertexO;
tmp !- (VERTEX NODE*)MULL;
tmp - GetNextVertex(tmp))

if (tmp->nodeType GOAL)
break;

return(tmop);

VERTEXMODE* VnriexList:i<»stNextVertex(VERTEX MODE-cur)

return(cur->next);

\ER’IIB( MIE VertexList::GetStartVertex()

VERTEX NODE1ltmp;

lot (Imp ™ <>tViistV"ttex |);
tmp !'" (VERTEX NODE*)NULL;
Imp * Oel:HextVertex) tmp))



if
break;

rleturn(tmp);

(tmp->nodeType — START)

void VertexList::InsertNewVertex(VERTEX_NODE*a)

RTEX_NODE *cur;

(VERTEX_NODE*)NULL;

if (a == (VERTEX_NODE*)NULL)
return;

if (vertexHead -- (VERTEXJJODE*) NULL)
vertexHead = a;
(*a) .prev = (*a).next =
return;

for(cur=vertexHead; cur !=

if ( (a->t > cur->t)
Il ((a->t == cur->t)
ss (a->w > cur->w))

Il ((a->t =* cur->t)

(VERTEX_MODE*)NULL;

cur=(*cur).next)

ss (a->w == cur->w)
ss (a->1 > cur->1)) )
Il insert after cur
if ((*cur).next = (VERTEX_NODE*)NULL)
(*a).next = (*cur).next; /1l eol - append new node
(*a).prev = cur;
(*cur).next = a;
break;
else
continue; /1 get next node
if ( (a->t < cur->t)
11 ((a->t == cur->t)
£& (a->w < cur->w))
Il ((a->t — cur->t)
ss (a->w == cur->w)
ss (a->1 < cur->1)) )
f /1 insert before cur
if (cur->prev == (VERTEX NODE*)NULL)
a->prev = (VERTEX_NODE*)NULL;// at start of list
a->next = cur;
cur->prev = a;
vertexHead = a;
break;
else
a->prov » cur->prsv; /1 in raiddle/end of list
a->next » cur;
cur->prov « a;
cur - a->prev;
cur-‘»snext *=a;
Rreak;
if ((a->t == cur->t)
ss (a->w == cur->w)
ss (a->1 == cur->1))
( /1l insert after cur at eol
if ((*cur).next == (VERTEX NODE*)NULL)
(*a).next = (VERTEX_NODE*)NULL;
(*a).prev = cur;
(*cur).next = a;
break;
|
else
) continue;
11 cout « “"Inserted vertex (”;
Il cout_« (*a).t «< "r" « (*a).w << « (*a)*l << ")\n";
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void VertexList::ListAllVertices()
ERTEX_NQDE *cur=vertexHead;

while (cur 1= (VERTEX__NODE*) NULL)
i
cout « "Vertex:" « (*cur).nodeType « at ("
cout « (*cur).t « « (*cur) w « """ « (*cur).l «
cur->edgeList->ListAllEdges();
cur = (*cur).next;

void VertexList::ListSearchList()
ERTEXJJODE+cur;
if (searlchHead == (VERTEX_NODE*)NULL)
cout « "Empty SearchListl (marker=" « searchMarker «

return;

cout « "List of nodes in Search list (marker=" « searchMarker
cur = searchHead;
do

cout « "SearehList node (" « cur->t « « Ccur->w «
cout « "Dist = " « cur->searchDist « "\n";
cur=cur->searchNext;

while (cur != searchHead);
cout « "End of SearchList\n";

void VertexList::MarkPath(VERTEX_NODE*v)
VERTEX NODE*tmp;

if (V == (VERTEX_NODE*)NULL)
return;
11 cout « "Path from Goal to Start\n";
v->pathTo = (VERTEX_NODE*)NULL;
do

tmp = v->pathFrom;

«

"\n";

")\n";

")\n";

11/ cout « "(" « v->t « « V=SW o« MM e v-> o« ")\nt

if (tmp | 1= (VERTEX_NODE*) NULL)

tmp->pathTo = v;
v = v->pathFrom;

V\I/hile (tmp '= (VERTEX_NODE*)NULL);

void VertexList:: RemoveFromSearchList(VERTEX_NODE*a)
VERTEX_NODE *cur;

if ((a->searchPrev == (VERTEX NODE*)NULL)
Il (a->searchNext == (VERTEX_NODE*)NULL))

if (searchHead == a)
searchHead = (VERTEX_NODE*)NULL;
return;

cur=a->searchPrev;
if (cur == a)

searchHead - (VERTEX_NODE*)NULL;
11/ cout << "Removed Search Node (";

«

/1 cout « a->t « """ « a->w « "« a->i « "). SearchList pmp.tyXrt"?

else

cur->searchNext = a->searchNexl;
cur = a->searchNext;
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cur->searchPrev = a->searchPrev;

if (searchHead == a)
searchHead = a->searchNext;
11 cout « "Removed Search Node (";
Il cout « a->t « « a~>w o« "« a->l o« ")yAnt;

a->searchPrev = a->searchNext = (VERTEX_NODE*)NULL;

void VertexList::TrimSearchList()

VERTEX_NODE *cur, *tmpPtr=(VERTEXJiODE*)O0;
int trimmed=TRUE;

11 cout « "Trimming search list to " « searchTrimDist « " or less\n";
if ((searchHead == (VERTEX_NODE*)NULL)
Il (searchTrimDist < 0.0))
return;
cur = searchHead;
while ((tmpPtr != cur) || (trimmed == TRUE))

i (trimrlned::TRUE)

tmpPtr-cur;
trimmed-FALSE;

if ((*cur).searchDist >= searchTrimDist)

11 cout « “Trimmed out (";
11/ cout « cur->t « ", « cur->w « << cur->l« "
11 cout « "Dist was " « cur->searchDist « "\n";

if (cur == cur->searchNext)

RemoveFromSearchList(cur);
break;

else
tmpPtr = cur->searchNext;
RemoveFromSearchList(cur);

cur = tmpPtr;
trimmed = TRUE;

cur = cur->searchNext;

B.7. Partial Update Breadth First Graph Theory

The Partial Update Breadth First Search Algorithm for Graph Theory which was developed and
implemented as part of this project was coded in ANSI C++. The filenames for each of the separate source
code files were supplied inside C++ format comments (i.e. If) at the beginning of each file listing. A
detailed explanation of the design behind this program was presented in Chapter 4.

/1 main.cpp

ffinclude ciostream.h>
9include <fstream.h>
Ainclude <stdio.h>

#include <conio.h> /1 for getch()
Ainclude <alloc.h> /I for coreleft (;
Ainclude <stdlib.h> // for itoal()
~Ninclude <string.h> // for strcpy()

liinclude <sys\timeb.h>
include <dir.h>
jfinclude <ctype.h>
Ainclude "edge.hpp"
Ainclude "vertex.hpp"
#include "object.hpp"
»include "domain.hpp"
include "bench.hpp"
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«define MAPFILEMASK "MAP*. DAT"

Int main (inf., char*");

void BulldUpdateMstFromDomaln(VertexLI3ts, VertexLlIsts, Domains);
void BuildVertexListFromDomain(VertexLists, Domains);

void FindAllEdges (Vertexl,istS, Domains);

void FindEdgesForUpdateNode(VERTEX_NODE*, VertexLists, VertexLialt,
int MemStatus(char”);

void MergelLists(VertexLists, VertexLists, Domains);

int SetWorkingDir(void);

void RenameMapFilelchar*);

int mainfint arqc, char** argv)

char* shortName;
struct ffblk mapfile;

for(;s) I
shortName- strstr(argv(0), "\\");
if (shorItName m* (char*)NULL)

shortName - argv(0);
cout « "This is " « shortName « “\n";
break;

argv(O) - shortNametl;

el3e
MemStatusC'Free memory before mainloop in main: "I ;
if (iSetIWorkingDir())

cout « "Program exiting gracefully\n";
return(l);

if (findiirst(MAPFlLE_MASK, sroapfile, 0))

Domains)

cout « “"Program exiting gracefully - no map files found\n";

return(l);

do
I
char tmp(256);
int i
Benchmark stopWatch(shortName) ;
sprintf (tmp, "“Starting on ts: ", mapflie.ff narae);
MemStatus(tmp);
for (i-OI; i<NUMTIMES; it+)

Int timeTaken;

float distTravelled;

Domain theWorldllO, 20, 20, mapfile.ff name);
Vertexl.Ist vertLIst, updateList;

timeTaken = 0;
distTravelled - 0.0;
stopwatch. It.erStart(i, mapfile.ff_name);
3topWatch.Click 0 ;
BuildVertexLIstFromDomain(vertMst, UieWorld) ;
FindAllIEdges(vertLIst, theWorld) ;
ior(;;)
|
int pathFotindFlag;- tjoalFoundFlag, a, b,
float dist;
VERTEX NODE *tl;

stopwatch.Cllck();
theWorld.Drawiomain() ;
stopwatch.Click();

pathFoundFlag - vertLIst.FindPathO;
stopwatch.Click!);

if (pathIFoundFIag *“w' TRUE)

rout « "Path found to the GOAI!";

cout « "(dist-" « distTravelled

else

c;

« ")\n"

cout « “No path found to the GOAL!";



cout « "(dist-" « distTraveiied « "IW ;

tl - vertList.GetStartVertexO ;
if (pathFoundFlag)

t

a = tl->pathTo->t;

b * tl->pathTo->w;

c » tl->pathTo->1;

else

a - (tl->t)+1;
h * tl->w;
c - LI->1;

goalFoundFlag = theWorld.MoveRobot(tl->t, tl->w, ti->1,.

distTravelLed +- dist;
timeTaken++;
if (qoaIIFoundFIag)

cout « "MADE IT TO THE GOALIVn";
break;

theWorld.AdvanceTime() ;

stopwatch .Click ();

BulldUpdateLi3tFromDomaln(vertList, updatelList, theWorld);
MergelLists(vertLIst, updateList, theWorld);

stopwatchmitecStopjtiraeTaken, distTravelled);

atopWatch.LogCalc3();
RonameMapFile(raapflle.ff_name);

while (ifindnext(tmapfiie));

MemStatus ("Free memory <ifter mailtloop in main: ") ;
return(0);

void BuildUpdateListFromDomaintVertexList svList, Vertex!,ist iuList, Domain «domain)

char type;

int t*domain.GetDomainTImeSlice3(), a;
int w«domain.GetDomainWidth(), b;

Int Wdomain.GetDomaiciLenqgth (), c;
VERTEX NODE*newptr;

£or(a»0; a*.t; a++)
for(b:o;I b<w; b++)
for(c-0; c<Il; c++)

type « domaln.Getpotnf.Type(a, b, c);
if ((type — VERTEX)

Il (type — START)

I (type GOAL))

VF.RTEXHODE ‘fmpv, ‘r.mpu;

tmpv - vList.FindVertexfa, b, c);
tmpu * uList.FindVertex(a, b, c);

if <(etrr.pv
4« (Itmpul)

newPtr - tit,ist.BulldNewVertex(a, b, c, type)
uList.InsortNewVertextnewPtr);

continue;

1

if ((tmpv t- (VERTEX NODE*)NULL)
46 (mei/->n0deType I- type))

vList.RemovoVertex(tmpv);
vList.OeiVertex(tmpv);

n-ewptr iiList.BulldNewVertexO, b, c, type)
iLi:it. InaortNPwVert.ax(newPtr) ;
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continue;

if ((tmpu 1= (VERTEX_NODE*)NULL)
& (tmpu->nodeType != type))

ist.RemoveVertex(tmpu);
uList.DelVertex(tmpu);
newPtr = uList.BuildNewVertex(a# b, c, type);
uList.InsertNewVertex(newPtr);
continue;

else
|
VERTEX_NODE *v;

v = vList.FindVertex(a, br c);
if (v!= gERTEX’NODE*) NULL)

GE_NODE+e;

for(e = v->edgelList->GetFirstEdge();
e != (EDGE_NODE*)NULL;
e = v->edgeList->GetNextEdge(e))
VERTEX_NODE* v2;

v2 = vList.FindVertex(e->t, e->w, e->I)
if (v2 != (VERTEX_NODE*)NULL)

vList.RemoveVertex(v2);
uList.InsertNewVertex(v2);
v2->edgeList->DelAHEdges () ;

vList.DelVertex(v);

v = uList.FindVertex(af b, c);
if (v 1= (VERTEX_NODE*)NULL)

uList.DelVertex(v) ;

void BuildVertexListFromDomain(VertexLiat svList, Domain sdomain)

char type;

int t=domain.GetDomainTimeSlices(), a;
int whrdomain.GetDomainWidth(), b;

int I=domain.GetDomainLength(), c;
VERTEX_NODE*newPtr;

for(a=0; a<t; at+)
|
for(b=0; b<w; b++)

for(c=0; c<lI; c++)
type = domain.GetPointType(a, b, c);
if ((type -= VERTEX)
1| (type == STAWP*-
Il (type == GOAL))

(
newPtr = vList.BuildNewVertex(a, b, c, type);
vLiist.InsertNewVertex(newPtr) ;

void FindAllEdges(VectexList svList, Domain idomain)
EDGE NODE**?,

VERTEX MODE*a,*b;
tloat dist;
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for(a = vList.GetFirstVertex();
a i- (VERTEX_NODE*)NULL;
a = vList.GetNextVertex(a))

or(b = vList.GetNextVertex(a);
b != (VERTEX_NODE*)NULL;
b = vList.GetNextVertex(b))

if (a ~=b)
continue;

If I(a->U = b->h)
ii (a->w -m b->w)

fS (a-?1 — b—1))
continuo;
dist = domain.CheckLine(a->t, a->w, a->I, b->w, b->1);

if idist > 0.0)
e = a->edgelList->BuildNewEdge(b->t, b->w, b->I, dist);
a->edgelList->InsertNewEdge(e) ;
dist = domain.CheckLine(b->t, b->w, b->I, a->t, a->w, a->1);
if (distI > 0.0)

= b->edgeList->BuildNewEdge(a->t, a->w, a->1, dist);
>edgeList->InsertNewEdge(e);

b}_

void FindEdgesForUpdateNode(VERTEX_NODE*cur, VertexList GvList, VertexList suList, Domain fidomain)

|

EDGE_ NODE™e;
VERTEX _NODE*a ;
float dist;

for(a = vList.GetFirstVertex();

a 1= (VERTEX_NODE*)NULL;
a = vList.GetNextVertex(a))

if (a =~ cur)

continue;

if {(a->t == cur->t)

8&& (a->w == cur->w)

£& (a->1 == cur->1))
continue;

dist = domain.CheckLine(a->t, a->w, a->I, cur->t, cur->w, cur->1);
if (dist > 0.0)
|

e = a->edgelList->BuildNewEdge(cur->t, cur->w, cur->1, dist);
a~>edgelList->InsertNewEdge(e);

dist = domain.CheckLine(cur->t, cur->w, cur->1, a->tf a->w, a->1);
if (distl > 0.0)

e - cur->edgeList->BuildNewEdge(a->t, a->w, a->I, dist);
cur->edgeList->InsertNewEdae(e);

for(a = uList.GetFirstVertex();
a != (VERTEX NODE*)NULL;
a = uList.GetNextVertex(a))

if (a == cur)
continue;
if ((a->t == cur->t)
ss (a->w cur->w)
8&& (a->i == cur->1))
continue;

dist - domain.CheckLine(a->t, a->w, a->I, cur->t, cur->w, cur->1);
if (dist > 0.0)

e = a->edgelList->BuildNewEdae(cur->t, cur->w, cur->I, dist);
a->edgeList->InsertNewEdge(e);

dist = domain.CheckLine(our->t, cur->w, cur->l, a->t, a->w, a->1);
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It (dist > 0.0)

e ” cur->edgel>Ist->BuildNewEdqe (a->t, a->w, a->1I, dist)
cur->edgelList->InsertNewKdqge(e);

int MemStatus(char ‘StatusMessaqe)

char tmp|256];
fstream debugFile;
long MemkLeft;

int ret;

debugFile.open("DEBUG.LOG", ios: :app) ;
if (ijdebugFile)
cout « "Unable to open DEBUG.LOG\n";

MemLeft - (long) coreleftO;
sprinti(tmp, "*stld\n", StatusMessage, MemLeft);
debugFile.writeftmp, strlen(tmp));
debugFile.closed ;

11 cout « StatusMessage « MemLeft « "\n”;

ret - farheapcheck();
if (ret — JIEAPOK)
cout « "Heap ok" « StatusMessage « "\n";

else
cout « "Heap error <" « ret « ">" « StatusMessage« "\n";
getchO ;
rleturn(FALSE);

rleturn(TRUE);

void MorgeLists(VertexList svLIst, VertexList «uList, Domain «domain)
VERTEX_NODE* cur;

for (cur-uLlst.GetFirstVertex!);
CUr ! - (VERTEX NODEL)NULL;
cur-uList.GetFirstVertex!))

uList.RemoveVertex(cur);
FindEdgesForUpdateNode(cur, vList, uList, domain);
vList.InsertNewVertex(cur);

cur - vbList.GetStartVertexO ;
if (cur | 1* (VERTEXJIODE*) NULL)

cur->searchMarker « vList.GetSearchMarker() * 1;
vList.AddToSearchList(cur);

int Set\/i/orkingDir!)
char mapdir[ZS6);

cout « “Enter the directory containing map files, or \"g\" for quit:"
cin » mapdir;
if (tou;iper(mapdir(01) — 'QY)

cout « "Quitting...\n";
rleturn(FALSE);

if (chdir(m apdir))

cout << "The directory could not be found.\n"

rleturn(FALSE);

<< mapdir «

cout « "Made « mapdir «
tleturn(TRUE);

the current directory.\n";

v e i RenameMapt'llelchar'f i lename)
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i\ar newfilename[120];
char* ch;
int i=(int)1.";

strcpy(newfilename, filename);
ch = strrchr(newfilename,i) ;
if (ch != (char*)NULL)

strcpy(ch, ".bak");
rename (filename, newfilename);

else
exit(l);
J

/1 tenGhhop

Sdefine FALSE 0
#define TRUE {FALSE
#define NUMTIMES 10
#define MAXFILENAME 13

class Benchmark

ublic:
Benchmark(char*) ;
~Benchmark();
void Click(void);
void IterStart(int, char*);
void IterStop(int, float);
void LogCalcs(void);
private:
void Diff (struct timet)*, struct timeb¥*,

fstream logFile;

fstream avgFile;

char mapFileName[MAXFILENAME];

struct timeb benchmarks[NUMTIMES][2];
float distRobotTravelled[NUMTIMES];
int timeTaken[NUMTIMES];

int currentlter;

int clickToggleFlag;

struct timeb elapsedTime, computeTime;

struct timeb*)

struct timet? startTime, clickOnTime, clickOffTime;

/1 bench mpp
sinclude <LostreSm.h>

»include <f3tream.h>
»include <af.<lio.h>

einclude <alloc.h> /1 £ot coreiefll)
sinclude <stdllb.h> /1 fot itoa()
einclude <string.h' Il £or atrcpy ()

iinclude <sy3\timeb.h>
»Include "bench.hpp”

Benchmark::Benchmark(char *fileName)

char *tmp;
char logname[MAXFILENAME];

while((tmp = strchr(fileName, "\\')) (char*)NULL)

fileName = tmp+1;
strcpy(legname, fileName);

if ((tmp = strchr(logname, '.')) 1- (char*)NULL)

strcpy(tmp, ".LOG");
else

strcat(logname, ”.LOGM;
logFile.open(logname, ios::app);
if (UogFile)

cout « "Unable to open H « logname « "“Nn";
if ((tmp = strchr(logname, *.7)) != (char*)NULL)
strcpy(tmp, ".AVG”);
else
strcat(logname, ".AVG");
avgFile.open(logname, ios::app);
if (lavgFile)
cout << "Unable to open " « logname « "\n";

3out « "lInitialised Benchmark classNn”;
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Benchmark::-Benchmark ()
if (Iogfiile)

logFile.flush();
lot]File,closeO ;

if (avgFile)

avgFile.flush();
avgFile.close();

cout « ""Closed log files and Destroying Benchmark class\n"?

void Benchmark::Click()
switch(clickToggleFlag)

case TRUE:
ftime(sclickOnTime);
clickToggleFlag = FALSE;
break?
case FALSE:
default:
ftime (sclickOffTime) ;
Diff(ficlickOnTime, sclickOffTime, scomputeTime);
clickToggleFlag = TRUE;

1

void Benchmark:;Diff(struct timeb*start, struct tlrneb*stop, struct timeb*diff)
if ((*stop).millitm < {‘start).millitm)

(#stop).millitm +- (short)1000; /* carry when subtracting, stops*/
¢start) etime +=* IL; /* negative wraparound problems!*/

(Miff) .millitm += (*stop) .millitm - (+start) .millitm;
f*dif£f).time += (long)((*diff).millitm / (short)1000);
(ediff).millitm %= (short)lIO0O;

j-diff).time += ((*stop).time-(*start).time);

void Benchmark::IterStart(int i, char*s)

currentlter * i;

clickToggleFlag - TRUBY]

computeTime.time - elapsedTime.time » CL;
coroputoTime.millitm —elapsedTime.millitm - O0;

strcpy(mapFileName, s);

ftime(fistartTime);

void Benchmark::IterStop(int t, float distTravelled)
i
struct timeb stopTime;

ftime (fistopTime);
Diff(sstartTime, sstopTime, fielapsedXkne);

dime = elapsedTime.time;
.millitm = elapsedTime.millitm ;
.time = computeTime.time;
benchmarks{currentiter][1].m illitm = computeTime.millitm;
timeTaken[currentlter] = t;
distRobotTravelled[currentlter] = distTravelled;

benchmarks
benchmarks(currentlter
benchmarks[currentlter

currentlter][0
0
1
1

void Benchmark::LogCalcs()
char tmpl1256);

float avnDisl;
struct iimeb avu;
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11

int i, avgTimeTaken,

for(i=0,

avg.time=0L, avg.millitm=0, avgDist=0.0, avgTimeTaken=0;
i<NUMTIMES;
)
"%s (%02d) Elapsed time:%051d.%03d\n»f mapFileName,
benchmarks [i] [0], .time,
strlen (tmp));
(%02d) Compute time:%051d.%03d\n",
benchmarks[i][1].time,
strlen(tmp));
(%02d) Dist travelled:% f\n",
distRobotTravelled[i]);
logFile.write(tmp, strlen(tmp));
sprinti (tmp, ,f%s (%02d) Time Slices Taken:%d\nn,
timeTaken[i]);
logFile.write(tmp, strlen(tmp));
avg.time+=benchmarks[i][0].time;
avg.millitm+=benchmarks[i][0].millitm;

sprinti (tmp,

logFile.write(tmp,
sprinti(tmp, "%s mapFileName,
logFile.write (tmp,

sprintf(tmp, "%s mapFileName, i,

mapFileName, i,

benchmarks [i] [0] .millitm) ;

benchmarks[i][1].millitm);

if (avg.millitm

avg.time +=
avg.millitm

1

sprinti(tmp,
logFile.write(tmp,
cout « avg.time «
cout « tmp « “"\n"
i = (int)
avg.time /=
avg.millitm += i +
avg.millitm /=

(avg.time

sprintf(trap,
avgFile.write(tmp,
sprintf(tmp,
logFile.write(tmp,

for(i=0,

"%s Tot.

"%s Avg.

"%s Avg. Elapsed time:%051d.%03d\n",

avg.time=0L,

% 1000 1= avg.millitm)

(long)(avg.millitm /
%= (short)1000;

(short)1000);

Elapsed time:%051d.%03d\nH, mapFileName, avg.time, avg.millitm)
strlen(tmp));
<< avg.millitm « "\n";

% (long)NUMTIMES);

(long)NUMTIMES;

1000;

NUMTIMES;

Elapsed time:%051d.%03d\n", avg.millitm)

strlen(tmp));

mapFileName, avg.time,

mapFileName, avg.time, avg.millitm)

strlen(tmp));

avg.millitm=0? i<NUMTIMES; i++)

avg.time+=benchmarks[i][1].time;

avg.millitm+

if (avg.millitm

avg.time +=
avg.millitm

sprintf(tmp,
logFile.write(tmp,
(int) (avg.time
avg.time /=
avg.millitm += i
avg.millitm /=
sprintf(tmp,
avgFile.write(tmp,
sprintf(tmp,
logFile.write(tmp,

*

for(i=0,

"%s Tot.

"%s Avg.

avqTimeTaken=0;

=benchmarks[i][1].millitm;

% 1000 !'= avg.millitm)

(long)(avg.millitm /
%= (short)1000;

(short)1000);

Compute time:%051d.%03d\n", mapFileName, avg.time, avg.millitm)

strlen(tmp));
% (long)NUMTIMES);

(long)NUMTIMES;

1000;

NUMTIMES;
"%s Avg. Compute time :%051d.103d\n",

mapFileName, avg.time, avg.millitm)
strlen(tmp));
Compute time:%051d.%03d\n",

strlen(tmp));

mapFileName, avg.time, avg.millitm)

iICNUMTIMES; i++)

avgTimeTaken+=timeTaken[i];

avgTimeTaken =
sprintf(tmp,
avgFile.write(tmp,
logFile.write(tmp,

for(i=0,
avgDist +=d
avgDist = avgDist /
sprintf(tmp,
avgFile.write (tmp,
logFile.write(tmp,
sprintf (tmp, "*s
avgFile.write(tmp,
sprintf (tmp, "%s
logFile.write(tmp,

domain.hpp

avgDist=0.0;

"%s Avg.

=«====-===*===«=====\n",

avgTimeTaken / NUMTIMES;
"*s Avg. Time Taken:%d\n”,

mapFileName, avgTimeTaken);
strlen (tmp));

strlen (tmp));

iKNUMTIMES; i++)
istRobotTravelledfi];
((float)NUMTIMES);

Dist Travelled:% f\n",
strlen (tmp));
strlen(tmp));

mapFileName, avgDist);

, mapFileName);

strlen(tmp));
* mapFileName);

strlen(tmp));
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»define FALSE O
~define TRUE JFALSE

»define GOAL 'G'

»define START 'S’
#define OBJECT ’'X’
tfdefine ADJ TOJ3BJECT 'x'
Idefine MOBILE OBJECT 'M*
Idefine CLEAR T.'

»define VERTEX 'V

Idefine BITMASK_TOP (int)O0x08
»define BITMASK_LEFT (int) 0x04

Idefine BITMASK_BOTTOM (int)0x02
«define BITMASK_RTGHT (int)0x01
Idefine BITMASK_CLEAR (int)0x00

#define FROM FRONT 0
idefine FROM_BACK 1
Ildefine FROM_LEFT 2
Idefine FROM?MRIGHT 3
Idefine FROM_FRONTRIGHT 4
idefine FROM_FRONTLEFT 5
Idefine FROM_BACKRIGHT 6
Idefine FROM BACKLEFT 7
«define FROMJJP 0

Idefine FROM_DOWN 9
Idefine FROM_NOWHERE 10

»define NOCOST (float)0.0

«define NORMAL (float)l.0

Idefine NORMAL_DIAG (float)1.414214
Idefine BLOCKED (float)1000.0

typedef struct

class

float dist;
int from;
char type;
float cost[9];
) POINT;

Domain

public:
Domain(intr intr int, char*);
-Domain();
void AdvanceTime(void);
float CheckLine(int, int, int, int, int, int);
void DrawDomain(void);
int GetDomainLength(void) ( return(domainLength); )
int GetDomainTimeSlices(void) | return(domainTimeSlices); }
int GetDomainWidth(void) { return(domainWidth); }
POINT* GetPoint(int, int, int);
float GetPointCost(int, int, int, int);
char GetPointFrom(int, int, int);
char GetPointType(int, int, int);
int IsPointClear(int, int, int);
int IsPointGoal(int, int, int);
int IsPointNearObject(int, int, int);
int IsPointObject(int, int, int);
int IsPointStart(int, int, int);
int IsPointVertex(int, int, Int);
int MoveRobot(int, int, int, int, int, int, float*);
void SetPointFrom(int, int, int, int);
void SetPointType(int, int, int, char);
private: -—
void AgeTimeSlices(void);
int CalcRobotDir(int, int, int, int, int, int);
int ClearAdjPointOK(int, int, int);
void ClearMobileObject(int, int, int);
void ClearVerticesInTimeSlice(int) ;
void DrawTimeSlice(int);
void InitTimeSlice(int);
void MarkMobileObject(int, int, int);
void MoveMobileObject(OBJECT_NODEY);
void MoveMobileObjects{void);
void SetAdjObjsInTimeSlice(int);
void SetGoalFromFile(char*);
void SetMobileObjsFromFile(char*) ;
void SetPermObjsinTimeSlice(int);
void SetStartFromFile(char*);
void SetVerticesXnTimeSlice(int);
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ObjectList objList;
POINT** domainHead;
int domainWidth;
int domainLength;
int domainTimeSlices;

)
/1 domain.cpp

Ninclude <iostream.h>
#include <fstream.h>

#include <ailoc.h> Il for coreleft(
Ainclude <stdio.h>

Ainclude <stdlib.h> /1 for itoa()
#inciude <string.h> /Il for strcpy()

#include <conio.h>

Ninclude "object.hpp”

#include "domain.hpp"

Domain::Domain(int numTimeSlices, int width, int length, char*mapFileName)
int i;

cout « “"Contructing Domain class\n";

domainTimeSlices = numTimeSlices;
domainWidth = width;
domainLength = length;

cout « "FreeHeap:L« farcoreleft(J « "\n";
cout « "Amount needed for one timeslice:";
cout « width*length*sizeof(POINT) « "\n”;

domainHead = (POINT**)farcalloc(numTimeSlices, sizeof(POINT**)];
if (domilinHead == (POINT**)NULL)

cout « "Not enough memory to build model of world\n";
domainHead = (POINT***)NULL;
domainTimeSlices = domainWidth = domainLength =0;

return;

for(i=0; i<numTimeSlices; i++)

domainHead[i] = (POINT*)farcalloc(width*length, sizeof(POINT));
cout « "FreeHeap after timeslice allocated:" « farcoreleft() « "\n";

if (domainHead[i] == (POINT*)NULL)
it (i==0)
cout « "Not enough memory to build model of world\n";
else
cout « "Only enough memory to build " « i « " of the "
cout « numTimeSlices « " timeslices in model of world\n
domainTimeSlices = i;
break;

InitTimeSlice(i);

SetPermObjsinTimeSlice (i >;
SetStartFromFile(mapFileName);
SetGoalFromFile(mapFileName);
SetMobileObjsFromFile(mapFileName);
for(i=0; i<domainTimeSlices; i++)

SetAdiObjsInTimeSlice(i);
SetVerticesInTimeSlice(i);

for(i=0; i<domainTimeSlices~I; i++)

AdvanceTime();
cout « "FreeHeap after Domain allocated:" « farcoreleft() « "\n";

Domain::*Domain()

POINT *tmp;
int i;

cout « “"Destructing Domain class\n";
if (domainHead =- (POINT**)NULL)

cout « "Not freeing domain - DomainHead was NULL\n";
return;

for(t=Q; i<domainTimeSlices; i++)
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t
tmp “ domainHead(i];
farfree(tmp);

farfree(domainHead);
domainHead - (POINT**)NULL;
cout << "FreeHeap after Domain deallocated:" « iarcoreleft() « "\n"

11 gietchu;

void Domain::AdvanceTims{)

AgeTImeSiicesO ;

11 DrawDomain();
ClearVertlcesInTimeSlicotdomainTimeSlices-I) ;
MoveMobiieObjects{);

I DrawDomain();
SetVerticesInTimoSlice(domainTimeSllces-11;

11 DrawDomainl) t

/1 Copy the contents of every timeslice
/1l into the previous timeslice

U [0] <- [11, [1] .<- 12], etc.

Il Leave the la3t timeslice unchanged.

Il Another routine will decide the moves
/1 for all the mobile objects.

I

Il A quick way to do thi3 |Is moving ptrs
/1 to the times]lces and only copying the
Il contents of the last timeslice over the
Il contents of the first timeslice

Lo, C e eeae aeeaaaaasans
FEEERErreeeeneeern N e
void Domain::AgeTImeSlices()

itit i, j;

POINT *tmp;

tmp - domainHead(0);
£or(i”0, j”i; i<domainTimeSlicas-1; i++, j++)
domainHead[il = domaltlKead(jj;
domainHead[:domalnTImeSiices-11 - tmp;
fmemcpy(domainHeadldomainTimeSlices-11,
domalnHeadldomainTimeSlices-21,
sizeof('domainHead(domainTimeSlices-1!));

int Domain::CalcRobotDir(int st, int sw, int si, int et, Int ew, int el)

if ({:IsPointStart(st, sw, si))
Il (IsPointGoal (at, sw, si)))
return(clear);

if (lew - 3W >
$S iei - Sl >033
sl++,
if ((IsPointcleaiOt, sw, si))
Il (isPointVertex(st,
I (IsPointGoal(st, sw, si)))
return(ftontright); —
else

(

if ((ew - sw > 0)
«« (el —si — 0))

return(clear);

1
if ((JsPointClearist, sw, si))
I| (tSPolnl.VertexOt, sw, si))
li (lafointCoallst, -w, 3l)))
return (right) ;
eisf*

if ((ew - sw > Q

return(clear) ;
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SS (el - si < 0))
1

SW++, si—;

if ((IsPointClear(st, sw, si))

Il (IsPointVertex(st, sw, si))

Il (IsPointGoal(st# sw, si)))
return(backright);

else

¥

if ((ew - sw == 0)
ss (el -_si > 0))

return(clear);

s[++7?

if ((IsPointClear(st, sw, s

Il (IsPointVertex(st, sw, si

Il (IsPointGoal(st, sw, si))
return(front);

élse

)

if ((ew - sw == 0)

&& (el - si == 0)

SS (et - st > 0))
1

return(clear)?

Sst++;

if ((IsPointClear(st, sw, si))

Il (IsPointVertex(st, sw, si))

Il (IsPointGoal(st, sw, si)))
return(up);

else

¥

if ((ew - sw == 0)
ss (el - si < 0))

return(clear);

si—;

if ((IsPointClear(st, sw, si))
Il (IsPointVertex(st, sw, si))
Il (IsPointGoal(st, sw, si)))

return(back);
else
return(clear);

if ((ew - sw < 0)
ss (el -_si > 0))

SW—, sl++;
if ((IsPointClear(st, sw, si))
Il (IsPointVertex(st, sw, si))
Il (IsPointGoal(st, sw, si)))
return(frontleft);
else
return(clear);

if ((ew - sw < 0)
s& (el - si == 0))

sw— ;
if ((IsFointClear(st, sw, si))
Il (IsPointVertex (st, sw, sl)-)-
Il (IsPointGoal(st, sw, si)))
return(left);
else
return(clear);
1

if ((ew - sw < 0)
ss (el - si < 0))

SW—, Si—;

if ((IsPointClear(st, sw, si))

Il (IsPointVertex(st, sw, si))

Il (IsFointGoal(st, sw, si)))
return(backleft);

else

return(clear);

return(clear);
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float Domain: :ChedcLine(int st, Int sw, int si, int et, Int ew, int el)
11 static int di3playCounter-I;
int tmpt, tmpw, tmpl;
float dist;
for(dist=0.0, i-.mpt-et-st, tmpw-ew-sw, t.mpl-el-s);
(tmpt ! 0) 11 (tmpw !» 0) Il (tmpl !'» 0);
tmpt’Ot-st, tmpw-ew-sw, 1-ri)

|
it (tmpt < 0)

return(-1.0);
1

i£ ((tmpw > 0)

tt (tmpl > 0))
|

dist +- GetPointCost(st, sl++, frontright) ;
If ((IlsPolntClear(st, sw, si))
it ((3t i- et) Il (sw !- ew) Il (al !“el)))

return(“1.0);
continue;
1
if ((tmpw > 0)
tt (tmpl — 0))

1
dlst +- GetPointCost(st, sw++, si, right);
if ((llsPointCleartst, sw, si))
it ({st 1“ at) Il (sw !=ew) || (al !-el)))
return(-1.0);
continue;
|
if ((tmpw > 0)
it (tmpl < 0))
1

eilst *m GetPointCostfst, sw++, si—, backright);
If ((!lIsPointClearlst, sw, si))
ss ((st 1=et) Il (sw I= ew) Il (si I=-¢el1)3

return (-1.0) ;
continue;
|
If ((tmpw < 0)
ti (tmpl > 0))
|

dist +m GetFointCO03t(st, sw—, sH+, frontleft);
if ((LIsPointClearlst, sw, si))
st ((st !=et) Il (sw i- fiw) (1 (si !~ el)))
return(-1.0);
continue;
1
if ((tmpw < 0)
it (tmpl — 0))
1
dist i- GetPointCost(st, sw—, a), left);
If (('lIsPolntClear(st, sw, si))
ti ((st !- et) Il (sw 1- ewl I (si 1=-¢el)))

return(-1.0);
continue;
|
if ((tmpw < 0)
tt (tmpl < 0))

dist +e GetPointCost(st, sw—, si—, backleft) ;
if ((ilsPointClearlst, sw, si))
it ((st !'=-et) Il (sw 1= ew) || (si != el)))

return(-1.0);
continue;

1
if ((tmpw =* 0)
ss (tmpl > 0))
|
dist +- GetPointCost(st, sw, sl++, front);
if (('IsPointClear(st, sw, si))
ss ((st !=et) 1l (sw 1= -ew) || (si !=el)))
return(-1.0);
continue;

| .
if ((tmpw = @

ss (tmpI < 0))
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dist += GetPointCost(st, sw, si—, back);
if ((!IsPointClearlst, sw, si))
ss ((st !'=et) || (sw != ew) || (si != el)))
return(-1.0);

continue;
if ((tmpw == 0)
sS (tmpl =- 0)
ss (tmpt >0))

f
dist += GetPointCost(st++, sw, si, up);
if ((ilsPolntClear(st, sw, si))
SS ((st !» et) Il (sw != ew) Il (si !” el)))
return(-1.0);
continue;

11 cout « "CheckLine:" « displayCounter++ « ":returned" « dist «
return(dist);

int Domain::ciearAdjPointOK(int t, int w, int 1)
<

char type;
int a,b;

for(a-=w-l;a<=w+l;a++)

i ((a < 0) I| (a > domainWidth))
continue;
for(b—l{l;b<:|+l;b++)
i ((b <0) Il (b > domainLength))
continue;
if ((@a =»w) ss (b == 1))
continue;

type = GetPointType(t, a, b);
if ((type =- OBIJECT)
Il (type == MOBILE_OBJECT) )
| return(FALSE);

return(TRUE);
1

void Domain::ClearMobileObject(int t, int w, int 1)
int i, j;
if (GetPointType(t, w, 1) == MOBILE_OBJECT)

if (ClearAdjPointOKIt, w, 1))

etPointTypeft, w, 1, CLEAR);
SetPointFrom(t, w, 1, FROM*NOWHERE) ;
else
I
SetPointTypeft, w, 1, ADJJTO OBJECT) ;
SetPointFrom(t, w, 1, FROM NCMIHERE) ;
I
for(i»w-I, j-1-1; j<I+2;)
if ((GetPointType(t, i, j) =- ADJ_TO_OBIJECT)
sls (ClearAdjPointOK(t, i, j)))
SetPointTypeft, i, j, CLEAR);
SletPointFrom(t, i, j, FROMNOWHERE);
if (i =- wtl)
I
i = w-1;
B+
I
else )
[++;
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void Domain::ClearVertice3InTImeSlice(int t)
int w, 1, pointType;
fOl(w-0; w<domainWidth; w++)
for(l"O;I KdomainLength; 1++)

pointType - GetPointTypelt, w, 1);
if (poinItType == VERTEX)

SetPointFrom(t, w, i, FROM NOWHERE) i
SetPoilitTypeft, w, 1, CLEAR);
continue;

if (poinItType —= MOBILB_OBJECT)

CloarM obileobjeclt(t, w, 1);

void Domain::DrawDomain()
t
int i;

for (i-0; i< domainTimeSlice3; i++)

DrawTiraeSlice(i);

11 gletch()j

void Domain::DrauTimeSlice(int timeSiice)

chat type;
Int a,b,y;

cir3dcr();
gotoxyd, 1);
colit « "time-tt" « timeSlice;

icr;.v'O,I y-2;b<domainLength; b++, y*+)
gotoxyU, vy);
for(a-0; a<damainWidth; at*|

type - GetPointTypeltimeSlice, a, b);
switch(ti/pe)

case GOAL:

case START:

case ADJ_TO_OBJECT:

case OBJECT:

case MOBILEJ5BJECT:

case VERTEX:
cout « type;
break;

case CLEAR:
switch(GetPointFrom)timesllice,

case FROMRIGHT:
cout « "R";
break;

case FROMLF.FT:
cout « "L";
break;

case FROMUP:
cout « “U"™;
break;

case FROM DDWN:
cout « "D";
break;

case FROM FRONT:
cout « "F";
break;

case FROMBACK:
cout « "B";
break;

case FROM BACKI,EFT:
cout « "T";
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break;

case FROMBACKRIGHT:
cout « "uU";
break;

case FROM_FRONTLEFT:
cout « "V";
break;

case FROM FRONTRIGHT:
cout « "W";

break;
case FROM_NOWHERE:
default:
cout «
| break;
break;
default:
cout « "?";
break;

cout « "\n";

POINT* Domain::GetPoint(int timeslice, int width, int length)
POINT *tmp, *tmp2;
tmp - domainHead(timeSlice) ;

tmp2 - tmp f (domainWidth'width) + length;
rleturn(tmpz);

float Domain::GetPointCost(int timeslice, int width, int lenqgth, int dir)
POINT ‘tmp;

tmp “ GetPointftimeSlice, width, length);
return(tmp~>cost[dir|);

char Domain::GetPointFrom(int timeslice, int width, int length)
POINT n.mp;
tmp ¢ GetPoint(timeslice, width, length);

return(tmp->from);

char Domain: :<3etPointType(int timeslice, int width, int length)

POINT *“tmp;

tmp - GetPointftimeSlice, width, length);
rleturn(tmp->type);

void Domain:: XnitTimeSlice(int timeslice)

POINT*tmp!
Int a,b;

for (a-0;a<domainWidth;a+0O
for(b<<0;t|)<d0mainLength;b++)
tmp » GetPointftimeSlice, a, b);
tmp->dist-0.0;
t.mp->from~FROM _NOWHERE;
tmp->type«CLEAR;
1* if (timeslice -- domainTimeSlices-1)
tmp~>cost[FROM_UPi - BLOCKED;
else*/
tmp->costfFROM_UPI - NORMAL;
if (fa I— 0) Si (b — 0))

tmp->costfFROM_FRONTRIGHT| - NORMAL DIAG;
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if

if

if

((a

((a

((a

tmp->costfFROM_RIGHT] = NORMAL;
tmp->costfFROM_BACKRIGHT] = BLOCKED;
tmp->cost[FROM_BACK] = BLOCKED;
tmp->costfFROM_BACKLEFT] = BLOCKED;
tmp->cost[FROM_LEFT] - BLOCKED;
tmp->costfFROM_FRONTLEFT] = BLOCKED;
tmp->cost[FROM_FRONT] = NORMAL;
ontinue;

=I= 0) & (b < domainLength-1))

tmp->costIFROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->cost(FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_8ACK) = NORMAL;
tmp->cost[FROM_BACKLEFT] = BLOCKED;
tmp->cost[FROM_LEFT] = BLOCKED;
tmp->costfFROM_FRDNTLEFT] = BLOCKED;
tmp->cost(FROM_FRONT] = NORMAL;

continue;

== 0) & (b==domainLength-I))

tmp->cost[FROM_FRONTRIGHT] = BLOCKED;
trap->cost [FROM_RIGHT] = NORMAL;
tmp->costfFROM_BACKRIGHT] = NORMAL_DIAG;
tmp->costfFROM_BACK] = NORMAL;
tmp->cost[FROM_BACKLEFT] = BLOCKED;
tmp->cost [FROM__LEFT] = BLOCKED;
tmp->cost[FROM_FRONTLEFT] = BLOCKED;
tmp->cost [FROM_FRONT] = BLOCKED;
continue;

< domainWidth-1) (b == 0))

tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->cost [FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = BLOCKED;
tmp->cost[FROM_BACK] = BLOCKED;
tmp->cost [FROM__BACKLEFT] = BLOCKED;
tmp->cost[FROM_LEFT] = NORMAL;
tmp->coat[FROM_FRONTLEFT] = NORMAL_DIAG;
tmp->costfFROM_FRONT] = NORMAL;

continue;

< domainLength-1) SS (b < domainWidth-1))

tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_BACK] = NORMAL;
tmp->costfFROM_BACKLEFT] = NORMAL_DIAG;
tmp->cost[FROM_LEFT] = NORMAL;
tmp->costfFROMFRONTLEFT] = NORMAL__DIAG,;
tmp->cost[FROM_FRONT] = NORMAL;

continue;

< domainWidth-1) is {b == domainLength-1))

tmp->costfFROMFRONTRIGHT] = BLOCKED;
tmp->cost[FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_BACK] = NORMAL;
tmp->costfFROM_BACKLEFT] = NORMAL_DIAG;
tmp->cost[FROM_LEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] = BLOCKED;
tmp->cost[FROM_FRONT] = BLOCKED;
continue;

:|: domainWidth-1) (b == 0))

tmp->cost[FROM_FRONTRIGHT] = BLOCKED;
tmp->cost[FROM_RIGHT] = BLOCKED;
tmp->costfFROM_BACKRIGHT] = BLOCKED;
tmp->cost[FROM BACK] = BLOCKED;
tmp->costfFROM_BACKLEFT] = BLOCKED;
tmp->costfFROM_LEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] = NORMAL_DIAG;
tmp->cost[FROM_FRONT] = NORMAL;
continue;

== domainWidth-1) fis (b < domainWidth-1))

tmp->cost[FROM_FRONTRIGHT] = BLOCKED;
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tmp->cost(FROM_R!GHT| - BLOCKED;
tmp->cost(FROM_BACKRIGHT] - BLOCKED;
tmp->c03t|FROMJJACKJ - NORMAL;
tmp-:>co3t[FROM_BACKLEFT| - NORMALDIAG;
tmp->cost[FROM_LEFT] - NORMAL;
tmp->cost(FROMFRONTLEFT] - NORMALDIAG;
limp->cost|FROM_FftONT| - NORMAL;
continue;

if ((a — domainLength-1) <s (b — domainWidth-1))

t,mp->costfFROM_FRONTRIGHT) - BLOCKED;
tmp->cost[FROM RIGHT) - BLOCKED;
tmp->cost(FROM_BACKRIGHT] - BLOCKED;
tmp->cost (FROM' BACK] = NORMAL;
tmp->cost|fFROM_BACKLEFT] - NORMALJHAG;
tmp->cost [FROM~LEFT1 - NORMAL;
tmp->cost(FROM_FRONTLEFT] - BLOCKED;
l:rap->c03t(FROM_FRONT| = BLOCKED;
continue;

int Domain::IsPointClear(Ilnt t, int w, int 1)

if iw < 0)
i {1'<9
(t <0
I (w domainWidth)
Il (1 >» domainLength)
Il (t >- domainTimeSllces))

return(FALSE);
switch(GIetPointTypeft, w, 1))

case CLEAR:

return (TRUE);
default:

return (FALSE);

int Domain::IsPointGoal(int t, int w, int 1)

'\ )
i w <
Iﬁ & <0§
I (t < 0)
Il (w >» domainWidth)
Il (1 >- domainLength)
|| (t >- domainTimeSiices))
return(FALSE);
switch(GetpolntType(t, w, 1))
|
case GOAL:
return(TRUE);
default:
( return(FALSE);

int Domain::IsPointNearObject(int t, int w, int 1)

i w < 0)

Il (( <(£

I (t <0)

Il (w > domainWidth)

Il (1 >=m domainLength)

Il (t >* domainTimeSllices))
return (TRUE) ;

switch(%etPointType(t, w, i))

case OBJECT:
return(OBJECT);
case MOBILE OBJECT:
return(MOBILEOBJECT);
case ADJ TO OBJECT:
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return(ADJ_TO_OBJECT);
default:
) return (FALSE);
I

Int Domain:;lsPointObject(int t, int w, int 1)

if iw < 0)

i {'<o

I (t < 0)

|| (w >= domainWidth)

Il (1 >= domainLength)

Il (t >= domainTimeSlices))
return(TRUE);

switch(GetPointType(t, w, 1))

case OBJECT:
return(OBJECT);
case MOBILE OBJECT:
return (MOBILE__OBJECT) ;
case ADJ TO_OBJECT:
default:
1 return (FALSE);

int Domain::IsPointStart(int t, int w, int 1)

if iw < 0)

i {'<9

1 (t < 01

Il (w >== domainWidth)

Il (1 >= riomainLoncfth)

Il (t >»= domainTimeSlices))
return(FALSE);

switch(GetPointType(t, w, 1))

case START:
return(TRUE) ;

default:
return(FALSE);

I
1

Int Domain::IsFointVertextint t, Ini w, InC 1)

if w < Q)
i {{"<o
I (t <0
(w >- domainWidth)
Il (1 >= domainLength)
Il (t >= domainTimeSlices))
return(FALSE);
switch (GetPolIntTypfMt, w, U)
|
case VERTEX:
return(TRUE);
dofault:
| return(FALSE);

void Domain::MarkMobileObject(int t, int w, int 1)

If ((GetPointType (t, w, 1) -=m= CLEAR)
Il (GetPointType(t, w, 1) =« ADJ_TO_OBJECT))

SetPointType(t, w, 1, MOBILEJDBJECT);
SetPointFrom(t, w, 1, FROM NOWHERE) ;

for(i=w-I, 3=1-; j<I+2;)
I f (Getllf’ointType)t, i, j) == CLEAR)
S«-IPollItTV|)i»(t, i, j, APJ_TO_ORIJECT)
mjptpoint From (t, i, j, FROM_NOWHERE) ;
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it i — w+l)

eise
1++;

void Domain::MoveMobiieObject(OBJECT NOOKobject)

|
int t=domainTimeSlices-1, w-("object).w,

ClearMoblleQbject(t, w, 1);
switch{('object).direction)
|
case front:

ir ((IsPointobject(t, w, HI))
Il (IsPointStacttt, w, 1+1))
Il (IsPointGoal(t, w, t+1)))

(«object).direction -

else
("object),1++;
break;
frontleft:
it ((IsPointobject(t, w-I,
Il (IsPointStart(t, w-I,
Il (IsPointGoallt, w-I,

case

else
(‘object) .1++,
break;
left:
if I(IsPointObjectlt, w-I,
Il (I3PointStartlt, w-i, 1))
Il (IsPointGoal(t, w-1. 1)))

case

(eobject).direction -

else
(eobject) .w—;
break;
backleft:
If ((IsPointobject(t, w-I,
Il (IsPointStart(t, w-i,
Il (IsPointGoal(t, w-i,
("object) .direction

case

else
(‘object) .w—,
break;
back:
if ((IsPointobject(t, w,
Il (IsPointStart(t, w, 1-D)
Il (IsPointGoal(t, w, i-1)))

case

(object).direction -

else
(‘object).1—;
break:
backright:
if <(lsPointobject(t,
Il (rsPointstartft, w+i,
Il (IsPointGoal(l, w+1,
("object) .direction

case
w+1,

else
("object).w«+,
break;
eight:
If ((IsPointobject(t,
Il (IsPointStart(t,
Il (IsPointGoal(t,

case
w+1,

w+1,

else
(eobject) -w++
break;
frontright:
if ((IsPointobject(t,
Il (IsPointStart(t, w+1,
Il (IsPointGoal(t, w+l,
("object).direction

case
w+1,

else
("object).w++,
break;
default:
cout <<

rand()

i+1))
1+1))
i+1)))

(object).direction - rand()

("object)

1)1

rand() *

i-1))
i-1))i

= jmincl() i

i-1))

rand() 1

1-1)
1-1)))
» tand() \

w+l, 1)1
1))

(object) .direction = rand() t

"” * unknown direction

1=("object).1;

% NUM_DIRS;

% NUMDIRS;

W—;

NUMDIRS;

NUMDIRS;

c*obiact).l—;

NUM_DIRS;

NUM DIRS;

(‘object.) .1—;

NUMDIRS;

1+1))
1+1))
1+1)))
= randl) *

NUM_DIRS;

("object).1++;

for mobile object
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break;

MarkMobileObject(t, object->w, object->1);

void Domain::MoveMobileObjects()
OBJECTNODE'cur, *oriq;
orig - cur " objList.GetNextCtojact() ;
if (cur — (OBJECT_NODE')Nt.i[,I.)
return;

do

t
if ((*cur).velocity > 0)
MoveMobileObject(cur);

cur =objList.GetNextObject();

| I while (cur i- orig);

int Domain: :Mov<>Robot(int st, int sw, int si, int et,
int dir;
*dIst - 0.0i

if (!lsPointStart(st, sw, sl))

edist = 0.0;
rleturn(FALSE);

tiir - CalcRobotDir(st, sw, si, °t, ew, el);
SetPointTypo<st, sw, si, CLEAR);
Satpoint fromlit, sw, si, FROM NOWHERE);

switch(dlir)

esse frontright:
edist - GetPointCost(st, sw, si,
stt-+, sw++, sl++;
if ((!lsPointClear(st, sw, si))
ii ('IsPointVertex (st, sw, si))
,i (ilsPointGoal(st, sw, 31)))

st—, sw—, si—;
edist - 0.0?

v'reak;
case rijht:
“dist - GetPointCost(st, sw, si,
jt++, swt+;
if ((llsPointClear(st, sw, si))
ss (!lsPointVertex(nt, sw, si))
)

ss |!lsPointGoal(st, sw, si))
st , SW |
edist - 0.0;

break;

case backright:
medist = GetPointCost(st, sw, si,
3t++, swH+, si—; -
if ((!'lIsPointClear(3t, sw, si))
is (!lsPointVertex(st, sw, si))
ss (!lsPointGoal(st, sw, si)))

st—, sw—, sl++;
*dist = 0.0;

break;

case frontleft:
‘dist = GetPointCost(st, sw, sl,
st++, sw—, sl++;
if ((!lIsPointClear(st, sw, si))
ss (!IsPointVertex(st, sw, si))
is (!lIsPointGoal(st, sw, si)))

St—, sw++, S|l—;
‘dist m0.0;

int ew, Int

frontright);

right);

backright);

frontleft);
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break; }

case left:
¢dist = GetPointCost(st, sw, sl, left);
st++, sw—;

if ((ilsPointClear(st, sw, sl))
66 (!IsPointVertex(st, sw, sl))
66 (llsPointGoal(st, sw, sl)))

t

St—, Sw++;

edist = 0.0;

1
break;
case backleft:
¢dist - GetPointCost(st, sw, sl, backleft)
st++, sw—, sl—;
if ((!'lIsPointClear(st, sw, sl))
66 (llsPointVertex(st, sw, sl))
66 (ilsPointGoal(st, sw, sl)))

|
st—, sw++, sl++;
Mist = 0.0;

break;
case front:
¢dist = GetPointCost(st, sw, sl, front);
st++, sl++?
if (('IsPointClear(st, sw, sl))
66 (jlsPointVertex(st, sw, sl))
66 (!IsPlointGoaI(st, sw, sl)))

st—, sl—;
edist = 0.0;
break;
case back:
¢dist = GetPointCost(st, sw, sl, back);
st++, sl—;
if ((!lsPointClear(st, sw, sl))
ss (!lIsPointVertex(st, sw, sl))
66 (!lIsPointGoal(st, sw, sl)))
st—, sl++;
+dist = 0.0;
1
break;
case up:
¢dist = GetPointCost(at, sw, sl, up);
st++;
if ((JIsPointClear(st, sw, sl))
& (!lIsPointVertex(st, sw, sl))
66 (!IsFiointGoaI(st, sw, sl)))
st—;
edist = 0.0;
break;
default: /1 no movement - start IS goal
+dist = 0.0;
break;

if (IsPointGoal(st, sw, sl))
return(TRUE);

else
SetPointType(st, sw, sl, START);

SetPointFrom(st, sw, sl, FROM NOWHERE) ;
rleturn(FALSE);

void Domain::SetAdjObjsinTimeSlice(int timeSlice)

int a,b;
int w,1;

for(w”=0; w<domainWidth; w++)
for(I:O;I KdomainLength; 1++)

if (ilsPointobject(timeSlice, w, 1))
continue;
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for(a=w-l; a<=w+l? a++)

|

if ((@a <0) || (a2 > domainWidth))
continue;

for(b:I-II; b<=I1+1; b++)

if ((b <0) Il (b > domainLength))
continue;

if (GetPointType(timeSlice, a, b) =* CLEAR)

SetPointFrom(timeSlice, a, b, FROM_NOWHERE) ;
SetPointType (timeSlice, a, b, ADJ_TO__OBJECT)

void Domain::SetGoalFromFile(char*fileName)

int i, w, 1;
char recType;
char tmp[256];
fstream dataFile;

dataFile.open(fileName, ios::in);
if (ldataFile)

cout « "Unable to open " « fileName « No Goal added.\n";
for(;;)
dataFile. getline(tmp, sizeof(tmp));
if (strlen(tmp) == 0)
break;
if (tmp[0] == GOAL)
11 cout « "The GOAL line is: " « tmp « "\n";
if (sscanf(tmp, "%c%d%dr, srecType, &wm &I1) =- 3)

for(i=0; i<domainTimeSlices; i++)

SetPointFrom (i, w, 1, FROM_NOWHERE);
SetPointType(i, w, 1, GOAL);

break;

else
cout « "Improperly formatted line igndred\n";

dataFile,closed ;

void Domain::SetMobileObjsFromFile(char*fileName)

int w, 1;

char recType;

char tmp[256];
fstream dataFile;
OBJECTANODE* newObj;

dataFile.open(fileName, ios::in);

if (ldataFiley -
cout « "Unable to open ” « fileName << No Mobile objs added.\n";
for(;)

{

int i

dataFile.getline(tmp, sizeof(tmp));
i = strlen(tmp);
if (i <=0)
break;
cout « "Length of input line is: ” « i « "\n";
if ((tmp[0] !- GOAL)
is (tmp(0] !'= START))

11/ cout « "OBJECT line is: " << tmp « "\n";
if (sscanf(tmp, "%c%d%d", ;recType, sw, &l) == 3)
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.mJetPointFcomldomainTimeS lices-1, w, i, FROM NOWHERE);
SetPoinLType (donialnTImeSl ices-1, w, 1, MOBILB_OBJECT)

newObj - objList.BuildNewObjectlw, 1!;

if (newQObj)
obiList.Ir.sertNe«)bject (newObj) ;
11 3out « "Added obj to obj list\n™;
else

| cout << "Improperly formatted line ignorod\n";

(3ataFiIe.cIosed ;

void Domain::SeiPermGhbjsinTimeSlice(int timeSlice)
int w, if

for(w-0; w<domalnWidth-5; w++)

1-2;
switch (w)
case 3:
case g
case a.
break;
default:
SetPointFromlItimeSlice, w, |, FROMNOWHEREt i
SetPointType(timeSlice, w, 1, OBJECT);
1/ SetAdjObjsInTimeSlice(timeSlice, w, 1);
| break;

for(w=0; w<doraainWidth-10; wt+)

1=7;
SetPointFrom (timeSlice, w, 1, FKOHJIOWHERE);
seLt>o0iivtType(timesUce, w, 1, object);

11 SetAdiObjsInTimeSliceltimeSilce, w, 1);

foe (1-0, v.~dcaainWIdth-10; I<domaitil,ength-2; Iltae>

switch 1%)
caje 2’1
case 5:
case 6:
case 1I*L
case 15:
case 16:
break;
default:
SetPointFramltimeSlice, w, 1, FROM_NOWHERE);
SetPointTypeftimeSlice, w, i, OBJECTI,;
11/ SetAdjOB'JsIrtTimeSliceitlmsSiicQ, w, 1);
| break;
|
tor (I-*2, w-doniainWidth-5; 1<doniaintenath-7; 1++)
i!WitCII(II)
ca3e 9:
.-ase 10:
case 11:
break;
default:
SetPointFrom(timeslice, w, |, FROM NOWHERE);
SetPointTypeltimeSlice, w, 1, OBJECT);
Il SetAdjObjsInTimeSliceltimeSllce, w, 1)j
break;

I
for (wdomainWldth-b, 1"domainLength-7; w<domainWidtli; w++)
Set.PoifitFrdml timeSlice, w, 1, FROM NiMIIKRB);
SetPointTypeltimeSlice, w, 1, OBJECT);

11 SetAdiObialnTImeSlice(CimftSlice, w, 1);
|
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for (w=domainWidth-10, I=domainLength-2 ; w<domainWidth; w++)

SetPointFrom(timeSlice, w, 1, FROM NOWHERE) ;
SetPointType(timeSlice, w, 1, OBJECT);
Il SletAdjObjsInTimeSIice(timeSIice, w, 1);

void Domain::SetPointFrom(int timeSlice, int width, int length, int from)
POINT etmp;

if ((width < 0)

Il (length < 0)

1| (timeSlice < 0)

Il (width >= domainWidth)

1| (length >= domainLength)

1| (timeSlice >= domainTimeSlices))
return;

tmp = GetPoint(timeSlice, width, length);

tmp->from = from;

void Domain::SetPointType(int timeSlice, int width, int length, char type)

char oldType;

POINT *tmp;

if ((width < 0)

Il (length < 0)

I'l (timeSlice < 0)

Il (width >= domainWidth)

1| (length >= domainLength)

1| (timeSlice >= domainTimeSlices))
return;

tmp = GetPoint(timeSlice, width, length);

oldType » tmp->type;

tmp->type = type;

if (oIdTIype != OBJECT)

11 SetAdjObjsInTimeSlice(timeSlice, width, length);

1

void Domain::SetStartFromFile(char*fileName)

int w, 1;

char recType;
char tmp[256];
fstream dataFile;

dataFile.open(fileName, ios::in);
if (ldataFile)

cout « "Unable to open " « fileName « ". No Start added.\n";
forGy,
dataFile. getline(tmp, sizeof(tmp));
if (strlen(tmp) == 0)
break;

if (tmpio] == START)

11 cout « "The START line is: " « trap << "\nn;
if (sscalnf(tmp, "%c%d%d", ;recType, Sw, fil) == 3)

SetPointFrom (domainTimeSlices-1, 1, FROM_NOWHERE)

==

SetPointType(domainTimeSlices-1, w, 1, START);
break;

else

| cout << "Improperly formatted line ignoredNn";

dataFile.close();

void Domain::SetVerticesInTimeSlice(int t)
int w, 1;

int diff counter, corner_eounter;
int side bits, corner bits;
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for (w=G; w<domainWidth; w++)
for(I:O;I KdomainLength; 1++)

if 1llsPointClear(t, w, 1))
continue!

corner bits = HITMASI CLEAR:
counter « O0;
if (IsPc:)I-intNearObject(t, w-l, 1-1))

cornerbits I” BITMASKJ,EFT;
cornst_bit3 I- BITMASK TOP;
cofner_counter++;

if (IsP(iIntNearObject(t, w-l, )+!1))

corner_bits I- BITMASK LEFT;
corner~bits 1= BITMASK_BOTTOM;
corner_counter+ +;

if (isEgintNearObjecttt, w*-l, 1+1))

corner_bits |= BITMASK_RIGHT;
corner_bits |= BITMASK_BOTTOM,;
corner_counter++;

if (IsP(I)intNearObjecttt, w+l, 1-1))

corner bits 1- BITMASKRIGHT;
cornerbits 1= BITMASK TOP;
cornercounteC++
1

if (corn|<ar_blts BTTMASKCLEAR)

sidebits - BITMASKCLEAR;
if (IsPointNearObiectlt, w-I, L))

aide bits I- BITMASKj.EFT;
if (IsPointKeatObjpCtit, w, i-1))
sidebits |= BITMASK TOP;
if (IsPointNearObiect(t, w+l, )))
side bits j- BITMASBIJtiGHT;
if (IsPointNearQbject(t, w, 1+1))
side bits |= BITMASK BOTTOM;

forldift cotinter-0;
(side bits !» BITMASK CLEAR)
I| (cornerbits !- BITMASK_CLEAR);
side bits »* 1, corner bits »» 1)

if ((ciomet :-itsi (tnt)Ox0l)
<( ((sildebits 4(int)OxOl) !'- (corner_bits s{int)0x01)))

dif f_~otinter++;
continue;

if ((side hits *(int)0x01)
if, ((side bits i (int)0x01) !- (corner_bits rtint) 0x01)1)

<tiff__couhter+ +;
continue;

if ((dilf counter > .)
I ((di£f countor " .?) ss (corner counter -- 1))]

SetPointFremlIt, W, 1, FROMNCWHERE);
SetPointTypeit, w, 1, VERTEX);

/1 edge.hpp
«define DEBUG_FILENAME "DEBUG.LOG"

typedef struct van
int tw, 1;
float dist;

struct van *prev, vnext;
) EDGE NODE;
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class EdgelList
1

public:
EdgelList();
-EdgeList<);
F.DGENODE* BuildNewEdge(int, int., int, float);
void DelAilEdges(void);
void DelEdge (F.DGENODE*) :
void DelEdgeToVertex(Int, int, int);
EDGENODE* GetFirstEdgelvoidl;
EDGE NODE* GetNextEdge(KDGE_NODEY*);
void 'InsertNowEdiio (EDGENODE1) !
void ListAilEdgoslint);
private:
EDGE MODE ‘edgeHead;

Il edge.cpp

einclude <iostream.h>
(include <fstream.h>
«include <stdio.h>
#include <conio.b>

finclude <alloc.h> /1 for coreleftO
(Include <stdlib.h> Il for Itoa()
einclude <string.h> Il for strcpyl)

(include "edqge.hpp”

EdgeLi stI: :EdgeL1st ()

midgeHead - (EDGE NODE*)NULL;
I cout « ”EdgeLi3t ConstructorNn";
t

EdgeUst: j-KdgelListf)

while (edgeHead !- (EDGE NODE«) NUL.L)
DelEdge(edgeHead) ;
I cout « "EdgoLA3t Destructor\n";

EDGENODE* Edgelist::BuildNewEdge(int t, int w, int 1, float dist)
EDGEJIODE ‘a;

ﬁ it (otheIrVertex I» (void*(NULL)
a - (EDGENODEe®) farca 1lloo (t, sizeof(EDGE NODE));
if (a —I (EDGE NODE*)NULL)

cout « "Out of Memory in BuildNewEdgeO\n";
getch();
elxit(O);
(*a).t -t
(*a) .w - w;
(*a) .1 - I
(*a).dist * dist;
<*a).prev - (-al.nexL - (EDGE NODE*)MULL;
retuxn(a);

1]
11 rleturn!(EDGEJJODB*)NULL);

void EdgieList: :Del AliKdtjes O
EDGENODE’a;
for (a * GétFirstEdqot) ;
a !- (EDGE NODE*)MULL;
1 - GetFirstEdge())
I:iei Edge(a);
void Edgel.isl :: Del Edge (KIXiK NRDE*a)

EDGENODE =tmp;
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I cout « "edge 0\n";
if (a !-I (EDGE NODE»)NULL]

if ((a->prev -- (EDGENODE*)NULL) H del
is (a->next — (EDGE_NODE+)NULL))
I cout « "edge I\n";
froe(a)t
edgeHead - (EDGENODE1)HULL;
return;
if ((a->prev 1= (EDGE NODE*)NULL) Il del

it. (a->riext 1- (EDGE_NODE*)NULL))

11 cout « “edge 2Yn";
tmp - a->prev;
tmp->next *ma->next;
tmp - a->next;
tmp->prev - a->prev;

free(a);

return;
If ((a->prev mw=m (EDGE_NOf>E*'NULL) 11 del
it (a->riext i- (EDGE MODE* :«JLL))

Il cout << "edge 3\n";
tmp ® a->next;
tmp->prev - (EDGE_NODE*)MULL;
edgeHead - t-~p;

last remaining edge

edge in middle

edge at sol

free(a);
return;
if (la->prev !- (EDGEJIODE'/HULL) 11 del edge at aol
it (a->riext (EDGENODE*)NULL))
ti cout « "edge (W")

tmp « a->prev;

tmp->next = (EDGE_NODE*)NULL;
free(a);

return;

void EdIgeLiSt::DeIEdgeTaVertex(ini t, int w, Int 1)

EDGE NODE*tmp;

for (tmp I— GetFlr3tEdge (); tmp !- (EDGENODEMNULL;
if ((tmp->t ~ t)

ti (tmp->w — w)

ti (tmp->1 — 1i)

DelEdge(t.nip);
break;

EDGE NODE* Edgelist;:GetFirstEdge0

rleturn(edgeHead);

EDGENODE* EdgeList::GetNextEdge(EDGE_NODE™*":ur)
r

return(cur->n«?xt);

void EdIgeList::InsertNewEdge(EDGENODE ‘edge)
EDGE NODE'cur;

if (edge (EDGEMODE*)NULL)
return;

If (edgeIHead — (EDGE NODE1)NULL)

edgeHead - edge;
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edge->prev - edge->next - (EDGEJIODE*) NULL;

11 cout « "Inserted edge into empty 11-st
11 cout « " (" « edge->t « « edge->w « « edge->1 «
11 cout « "Dist " " « edge->dlIst « "Vn";
return;
for(cur:IedgeHead; cur != (EDGE NODE*)NULL; cur= (‘cur).next)

If ( (edge->t > cur->t)
Il ((edae->t “ cur->t)
SS (edge->w > cur->w))
Il ((edge->t == cur->t)
if (edge->w -- cur->w)
ss (edge->1 > cur->1)) )
| /1 insert alter cur
if (cur-|>next — (EDGE NODE')NULL)

edge->next = (EDGENODE*)NULL;// no more so append to eol
edge->prev - cur;

cur->next - edge;

break;

else

I

if ( (edge->t < cur->t)

Il ((edge->t — cur->t)
ss (edge->w < cur->w))

/e 11 ((edge->t < cur->t)*/

Il (ledge->t — cur->t)
ss (edge->w -- cur->w)
ss (edge->1 < cur->D) )
| /1 insert before cur
if (cur-|>prev — (EDGE_NODE*) NULL)

continue; /1 try next one

edge->prev - (EDGENODE')NULL; // at start of list
edge->next - cur;

cur->prev - edge;

edgellead - edge;

break;

*?lse
1
edge->prev - cur->prev; /1 in middle/end of list
edgo->next - cur;
cur->prev e« edge;
cur * edge->prev;
cur->next - edge;
break;
|
I
if ( (edge->t «« cur->t)
ss (edge->w cur-ow)
ss (odge->I — cur->1) )

|
/' already here - replace It | */
cout « "Already here - replacing values and disposing of new edge

cout << " (" « edge->t << « edge->w << "o« e<lge->l « ).

;out «  "Dist * " «. edge->dist « "\n”;

cur->w “ edge->w;

cur->1 - edge->1;

cur->disl. - edge->dist;e/

.rout << " Already here - ignoring — \n";

cout « B

free(edge);

break; —

|

|

cout « "Inserted edge Into list ";
cout << " {" & «dge->t << ", " << edge->w « "« odge->l << ") . "™
cout « "Dist ” " « edge~>dist « "\n";

void KdlgeLi3l::LiatAI IF.dges () nt debugflag)
chat tmp(256);
fstream debuqgKile;
EDGE MODE *-Htqe;

strcpy (Imp, ":.ist of all edges In list\n");
cout « Imp;
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if (debugFlag)

1

debugFile.open(DEBUG FILENAME, ios::app)!
debugFile.write(Imp, strlen(trop));
debugFlle.closed ;

|
for (edge - edgellead; edge |- (EDGENODE*) NULL; edge « (*edge) .next)

spiintf(tmp, "Edge to (ld,ld,%d). Dist is If\n",

(edge).t, (*edge).w, (*edge).l, (‘edge).dist);

cout « trop;
if (debugFlag)

1

debugFile.open(DEBUG_FILENAME, ios::app);
debuyFlle.write(tmp, 3trlcn(tmp));
debugFile.closed ;

|
strepy(tmp,
cout « tmp;
if (debugFlag)
|

—VR")

debugFile.open(DEBUG_FILENAME, ios::app);
debugFile.write(tmp, strien(tmp));
debuoFile.closed ;
|

|

/1 object.hpp
«define FALSE 0
»define TRUE jFALSE

define GOAL 'G'

edefine START 'S’

edefine OBJECT 'X'
edefine ADJ_TO_OBJECT !
«define MOBII,E_OBJECT 'M'
«define CLEAR

«define VERTEX 'V'

edefine MM DIRS 7 /* this is the 8 horizontal directions; (0->7) */
enum directions ( front, back, left, right, irontright, frontleft, bacicright, backleft,

typedef struct o

int direction, velocity;
int w, In

struct o *prev, 'next;

| OBJECT NODE;

class ObjectList

pubilc:

ObjectList();

-ObjectListd;

OBJECT NODE* fluiidNewobject (int, int);
void DelAllOblects(void);
void DelObject (OBJECTJIODE4) ;
OBJECT_NODE* GatNextObject(void);

void InsertNevvObject (OBJECTNOOE'! ;
void ListAllCbjects(void);
private:

OBJECT MODE *objec Ulead;

/-{ngltfjggt glpogtreamh>

«include <alioc.h> /1 for coreleft()
einclude <stdlib.h ' 11 for ito.i()
einclude «string.h.' /' for strcpy()

einclude <conio.h>

Il «include "edge.hpp"
einclude "object.hpp”
ObjectLIist::ObjectList()

objectllead ~ tOBJECT MODE') HULL;
cout « "ObjectList constructor\n"”;
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ObjectLIist::~0bjectLi3t()

cout « "ObjectList Destructor\n”;
(I)sIAIIObjectSO ;

OBJECT NODE* ObjectList::BuildNewObject(int w, int 1)
OBJECTJW3DE *newPtr;

newPtr = (OBJECT_NODE*) farcalloc (1, sizeof(OBJECT_NODE));
if (newPtr =- (OBJECT_MODE*)NULL)

cout « "Out of memory in BuildNewObject ()\n";
getch ()
return(NULL);

(*newPtr).direction = rand() % NUM_DIRS;

(enewPtr).velocity = 1;
(*newptr).prev = (*newStr).next = (OBJECT_NODE*)NULL;

(*newPtr) .w = w;
(*newPtr).1=1;
return(newPtr);

void O b('ectList::DeIAUObjects()

OBJECTNODE 'tmp;

while (objectHead !- (OBJECT_NODE*)NULL)
tmp - objectHead;

objecth'aad - ('objectHead) .next;
Ifelobject(tmp);

void ObjectList::DeLObject(OBJECTNODE -todie)

OBJEC’P_NODE ‘cut;

if (((-todie).prev !- (OBJECT NODE').MULL)
hi i(*toldie).next i- (OBJECTNODE')MULL) )
Il cout "Deleted object (" « todie->w « "« todie->I « ")\n";

cyr-C todie) .prev;
if |—2i!r|“ todie)

mibjectllead - (OBJECTJIODE*)NULL;

11 cout « "Object List Empty\n”;
iree(todle);
return;
else

(*cur).next-j‘todie).next;
cur - ('todie).next;
|*cur).prev (*todie.) .prev;
If (objectHead «« todie)
objectHead = (-todie) .next;
free(todie);
return; I
I

cout << ""'(’id Not delete rbtton Object C « todie->w « « todie->1 «

OBJECT NODE* ObjectList::GetNextObject()

OBJECT_NODE*tmp;

if (objectHead — (OBJECTNODE*)NULL)
return ((OBJECT_NODE*)NULLY);

tmp - objectHead;
objectHead = objectHead->next;
return Itmp);
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void Objlect.!., 1st::insertNewObjeot (OBJECT_NQDE*newPtr)

/1

OBJECT_NODE *cur,;

if (newptr =- (OBJECT_NODE*j NOLL)

return;
if (objelctHead — (OBJECTNODE*)NULL)

objectHead » newptr;

El:newptr).prev - (*newPtr).next - newptr:

else

/¢ insert before first node m/
eur = objectHead;
(‘newPtr).next * cur;
(*newptr).prev * (*cur),prev;
(*cur).prev »newptr;

cur - (‘newPtr).prev;

(ecut).next - newptr;
objectHead - newptr;

(" «

cout « "Inserted object

void ObjectList::ListAllObjectsO

OBJECT_NODE* tmp;
if iobjectHead —  (OB.TECT_NODE*) NULL]|

cotit «
return;

“ObjectList is empty\n";

foritmp—objectHead;;tmp - tmp->next)

cout « "Object:!" «
tmp - Lmp->next;
if itmp ** objectHead)

tmp->w « «

cout «
break;

"ObjectList enttedVn";

// vertex.hpp

»define
»define

«define
»define
»define
»define
»define
-dEfine
edefine

»define
»define
»define
edefine
»define

»define

FALSE 0
TRUE jFALSE

GOAL 'G'
START 'S’

OBJECT 'X'
ADJ_tO_OBJECT ‘.’
MOBI1LE_OBJECT
CLEAR ', °

VERTEX V'

BITMASK_LEFT (Int)0x04
RITMASKBOTTCM (int)0x02
BITMASK RIGHT (int) 0x01
bitmasK clear (Int)0*00

OBBUG_FILENAME "DEBUG.LOG"

typedef struct vn

int t,w, 1;
char nodeType;
struct vn ‘searchPrev, 'searchNext;

float searchDist;

int searchMarker;

EdgeLlIst. ‘edoelist;

struct vn ‘pathFrom, ‘pathTo;
struct vn *prov, ‘next;

| VERTEX NODE;

newPtr->w « o«

BITMASKTOP (int.) 0x00 —

newPtr->1

trap->1 « ")\n";
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class Vertaxtiist

public:
VertexList 0 ;
-VertexUst () ;

void AddToSearchList(VERTEXNODE') J
VERTEXNODE* BuildNewVertex(int,Int,int,char);

“ int CalcRobotDIr(VERTEXMODE?™) ;
void DelAllVertices{void);
void DelVertex(VERTEX_NODE*);
int FindPath(void);
VERTEX NODE* FindVertex(int, int, int) ;

VERTEX_NOOE* GetFirstVertex(void);
VERTEX NODE* GetGoalVertex(void);

VERTEX MODE* GetNext Vertex (VERTEX NODE*);

int GetSearchMarker(void);
VERTEXNODE* GetStartVertex(void);
void InsertAllVertices(void);

void 1nsarLNewVertexiVERTEXNODEHM®);

void ListAllVertices(int);
void ListSearchList(int);

11 void MoveRobotlInt, int, int, int);

void MarkPath(VERTEXNODE*);

void RemoveFrotnSearchLi3t(VERTEX_NODE¥);

void RemoveVertex(VERTEXNODE?);
void TrimSearchLI3t(void);
private:
VERTEX NODE* vertexHead;
VERTEXNODF.* searchHead;
int searchMarker;
float searchTrimDist;

Ilvertex.cpp

*include <iostream.h>
Kinclude <fstream.h>
einclude <stdio.h>

(include <eonio.h> /1 for getchO
»include <al loc.h> Il for coreleft()
einclude <stdlib.h> /Il for ItoaO
einclude <atring.h> /1 for strcpyO

einclude "edqge.hpp”
(include "vertex.hpp*®

VertexList::VertexList()

vertexHead - (VERTEX_NODE*)NULL;
searchHead = (VERTEXJJODE*)NULL;
esearchMarker - 0;
searchTrimDist - -1.0;
cout « "Initialised Vertex class\n";

VertexList::-VerfcoxList()

cout « "VertexList destructor started\n™;

DeilAUVertices»;

cout << "VertexList destructor endedl\n";

void VertexList::AdoToSearchList (VERTEX NOUE*a)
ERTEX NODE *ttup;

if (a — (VEINTEX_NODE-) NULL)
return;

if (((*a).searchPrev 1- (VERTEXNODE*)NULL) //

Il ((*a).searchNext I- (VERTEX_NODE*)HULL)) //
return;
if (searlchHead — IVERTEXNODE-®")NULL)

searchHead - a;

a->pathFrom - a->pathTo - (VERTEX NOPE*)NULL;

a->searchPrev - a->searchNext. - a:
11 cout <e. "Inserted into empty search
// cout « a->t « Mi" << a->w << ","

if already in fringe

list,

("

a->1 v<

dont add again

S \n"j



else

a->searchNext = searchHead;
a->searchPrev = searchHead->searchPrev;
searchHead->searchPrev = a;
trap = a->searchPrev;
tmp->searchNext = a;
/1 cout « "Appended to search list (";
/1 cout « a->t « ",n « a->w « " «oa->l o« ")\nty

VERTEX__NODE* VertexList::BuildNewVertex(int t, int w, int 1, char nodeType)

VERTEX_NODE *newPtr,

newPtr = (VERTEX_NODE*)farcalloc(l, sizeof(VERTEX_NODE));
if (newPtr == (VERTEX_NODE*)NULL)

cout « "FarcallocO failed in BuildNewVertex!\n";
getch(); )
e xit(0);

(*newPtr).t
(*newPtr) .w
(*newPtr).1=1
(*newPtr).nodeType = nodeType;

(*newPtr).edgeList = new EdgelList();

(*newPtr).pathTo = (*newPtr).pathFrom = (VERTEX_NODE*) NULL;
(*newPtr).searchDist = 0.0;

(*newPtr).searchPrev = (*newPtr).searchNext = (VERTEX_NODE*)NULL;
(*newPtr) -prev = (*newPtr) .next = (VERTEX_NODE*)NULL,;

if (nodeType == START)

t
w;
?

newPtr).searchMarker = searchMarker+1;
AddToSearchList(newPtr) ;

else
(*newPtr).searchMarker = searchMarker;

return(newPtr);

void VertexList::DelAllVertices(-
t

while (vertexHead != (VERTEXNODE*)NULL)
11 cout« "About to delete (" « vertexHead->t « M" « vertexHead->w ;
11/ cout<< « vertexHead->I « ") at addr: " « vertexHead ;
/1 cout « Prev:" << vertexHead->prev « Next:" « vertexHead->next <<"\n"

DelVertex(vertexHead);

cout « L. \n":

void VertexList::DelVertex(VERTEX_NODE +todie)

VERTEX_NODE +trap;
EDGE_NODE*g;

if (todie == (VERTEXJMODE*)NULL)  --—-
return;

for(a = todie->edgeList->GetFirstEdge();
a J= (EDGE_NODE+)NULL;
a ®todie->edgeList->GetFirstEdge())
f
todie->edgeList->DelEdgeToVertex(a->t, a->w, a->1);
trap = FindVertex(a->t, a->w, a->1);
if (trap 1= (VERTEX_NODE*)NULL)

tmp->edgeList->DelEdgeToVertex(todie->t, todie->w, todie->1);

/1 tmp = (VERTEXNODE*)(a->otherVertex);

/1 cout« 'On vertex (* « todie->t « "« todie->w «

I cout« todie->1 « "):Del edge to (" « tmp->t « ", n << tmp->w «
I cout« tmp->1 « ")\n";

Il cout«- "todie at:" << todie « ". aat:" « a« "\In"

/1 cout<< " tmp at:*' << trap “\n";
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11
/1
11
11
I

int Ve
|

todie->edgelList->DelEdgeToVectex ((void*) tmp);

Gout « "On vertex (" « Unp->t << ", * « tmp--w «
cout « tmp->1 « "):Bel edge to (" « todie->t «
Cout « todie->l« ")Vn"j
trip->"dgeLisC->DeiEdgeToVertex((void")todie);

delete todie->edgelList;
RemoveFrotnSearchList(todie);

if ( ((‘todie).prev — (VERTEX NODE*)NULL)
£4 ((‘toldie)-next — (VERTEX_NODE* )NULL) )

vertexHead - (VERTEXNODE®*)NULL;
free(todie);

return;
if ( ((‘todie).prev !- (VERTEX_NODE*| NULL)
ii ((‘t(id ie).next !- (VERTEXNODE*)NULL) )

tmp.-* (*todie) .prev;

(“tmp) .next =>» (‘todie) .next;
tmp - (*todie).next;
(*tmp).prev - (etodiel.prev;
free(todie);

return;

if ( ((‘todie).prev -- (VERTEX NODE*)NULL)
SS ((*todie).next !« (VERTEXNODE*)NULL) )

vertexHead- tmp - (*todie),next;
(etmp).prev - (VERTEXNODE*)NULL;
free(todie);

eturn;
if ( ((*todie).prev != (VERTEXNODE*)NULL)
SS ((‘toldie).next — (VERTEXNODE*)NULL) )

tmp - (*todie).prev;

f*tmp) .next - (VERTEX_NODF.*) MULT,;
free(todie);

return;

rtexList:: FindFath ()

EDGE NODE <,

int goalFound-FALSE;

float dist;

VERTEXJWDE *ci.ir, *adj, *U, *t2;

if (3earchllead->nodeType — START)
searchMarker - searatiHead-isearchMarksr;

else
return(FALSE);
tl - CatstartVertox O ;
tJ - r;etGoalVertex();
if ((tl '= (VERTEX_NODE*)NULL)

Si (t.2 )- (VERTEX_NODE*) NULL)
ss, (tl->w —
X %u>|1 ~r2M)

tl->pathTo - t?.;
return(TRUE!;

<< todie->w «

tor (cur - searchHead; cur !- (VERTEX .NODE)NULL; cur - 3earchHead)

if ((cur->searchDist >- searchTiimDIst)
ii (searchTrimDist > 0.0))

RerooveFromSearchListtcur);
aontnue;

for(e - cuE-JedgelList-St;etFlrstEdge();
e !- (EDGE NODE’)NULL;
e - <;U[->edgeLi3t->G<?tNf>xLEdqii(fi))

-id) - FindVertex(«*-»:, e->w, <»->1);

if (.idi ~ (VF.RTEX_NOD£*)NULL)
continue;
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V/4 adi « (EEXNDEY) rasotrOnerted
dist - cur->searchDist + e->dist;
i£ ( (adi->searchMarker i- searchMarker)
It ((adj->3earchMarker -™ searchMarker)
sls (adj-isearchDist > dlsti) (

if ((dist <- searchTrimDist)
Il (searchTrimDiat <- 0.0)1

adj->pathFrom - curi

adj~>searchMarker ® searchMarker

adj->searchDi3t = dist;

AddToSearchList(adl);

if (adj—|>nodeType — GOAL)
goalFound - TRUE!
searehl'cimOist - dist;

MarkPath (ad i) ;
TrimSearchUstO !

RemoveFromSearchList(cuci ;

return(goalFound);

VERTIEfoODE* VertexList::FindVertex(int t, int w, int 1)
VERTEX NODE* cur;

Eor(cur - GetFirstVertex();
cur I- (VERTEX_NODE>)HULL;
cur - GetNextVertex(cur))
1

if ((cur->t — %)
m (cur->w — w>
Si (cur->1 1>)
return(cur); // found it

if ((cur->t >” 1)
«S (cur->w >= w)
si (cur->) >- D)
break; /m/ passed it - it’s not in the list

rletu rn ( (VERTEX 11CDEMNULL);

VERTEXNODE* VertexList::GetFirstVertex()
t
return(vertexHeadl;

VER‘II'EX NODE* VertexList:;GetGoalVertex()
VERTEX NODE*tmp;

forttmp - GetFiistVertexO ;

imp |- (VERTEX NODE*)NULL;
»mi - GetHextVertex(top))

If (t.r.p->nodeType "+ GOAL)
break;

return(tmp);

VERTEXNODE” VertexList ::f;el.NoxIVertex(VERTE>: NODE*cur)

return(cur->»ext!;

int VertexList: :GetSearchMai kor ()

return(searehMarkei );
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VERTEX_NODE* VertexList::GetStartVertex()
ERTEX_NODE*tmp;
for(trap = G etFirstVertex();
trap J- (VERTEX_NODE*)NULL;
tmp - GetNextVertex(tmp))

it (tmp->nodeType -= START)
break-;

retdrn(tmp);
1

void VertexList::InsertNewVertex(VERTEX_NODE*a)

RTEX_NODE *CUr;

if (a == (VERTEX_NODE*)NULL)
return;
if (vertixHead == (VERTEX_NODE*) NULL)

vertexHead = a;
(*a).prev = (*a).next = (VERTEX_NODE*)NULL;
return;

for (cur-vertexHead; cur !> (VERTEX NODE*) NULL; cur= (*cur) .next)

if ( (a->t > cur->t)

Il ((a->t — cur->t)
ss (a->W > cur-ivi))
I ((a->t — eur->t)

il (a->w 'm= cur->w)
ss (a->1 > cur->1)) )
! /Il insert after cur
if ((*cyr).next — (VERTEXNODE*)NULL)

(ea).next < (*cur).next; /1 eol - append new node
(ea).prev - cur;

(ecur) .next = a;

blreak;

else

I
if ( (a->t < cur->t)
Il ((a->t — «ur->t)
it (a->w < ctir->w))
(I ((a->t — eur->t]
ss (a->w ~ cur->wl
(i (a->1 < cur->11) )
| /1 insert before cur
if (cur-l>prev == (VERTEXJTODE*)NULL)

continue; /1 get next node

a->prev = (VERTEXJ.'OPKe)HULL?// at start of list
a->next = cur;

cur->prev = a;
vertexHead - a;
blreak;
else
a->prev m cur->prev; /1in middle/end of list
*3->next " our;
cur-?prev - a;
out = a-Jptev;
cur->nexr. » a;
break;
|
if ((a->t == cur->t)
st (a->w — cur->w)
ss (a->1 == cur->1))
/1 insert after cur at eol
if ((*cijr).next =- (VERTEXNODE*)NULL)
(*a).next = (VERTEX NODE*)NULL;
(*a).prev = cur;
(*cur).next = a;
break;
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11
11

else )
continue;

AddToSearchList(a) ;
cout « "Inserted vertex C;

/1l cout « (*a).t « «  (*a).w « « (*a).l « “)\n7”;

void V

void V

cout.

c

ertexList::ListAllVerticestint debugFlag)

char tmpl2561 ;
fstream debugFile;
VERTEXNODE ‘cur;

strcpyftmp, "List of all nodes in list\n");
cout << trap;
if (debtiaFIag)

d.ebuquIe.open(DEBUGFILENAME, los::app);
debugFile.wricettrap, strlen(tmp));
dlebugFiIe.cIOSe();

for(cur-vertaxHead; cur !- (VERTEXJiODE*) NULL; cur-cur->next)

sprintfltmp, “Vertex:lc: at (Id,Id,id)\n”,
(*cur).nodeType, (‘cur).t,
cout « tmpi
if (debugFlag)
t
debugFile.open<DEBUG_FILENAME, ios::app) ;
debuqFile.write(tmp, strlen(tmp));
debugFile,close!);

cur->edgelList->ListAllEdges (debuqgFlag) ;

ertexList::ListSearchList!int debugFlag)
chai t pl256];

fstream debugFile;

VERTEX NODE'cur;

if (searlchHead — (VERTEX NODE*) MULI,)

fcurj.w, (*cui).l)

sprinti (tmp, “F.mpty SearchListl (markef'td)\n", searchMarker);
cout « tmp;

if (debLigFIag)
d.ebug File. open i[>EBUG_FILENAME, ios: :app) ;
debugFile.write(tmp, strlen(tmp));
debugFile.closel);

return;

sprinti(tmp, “List of nodes in Search list (marker=*d)\n", searchMarker);

tmp;
if (debLIqFIagI
rlebugt’i 1®, open (DEBUG_F 1LENAME, los: :app) ;
debuaFile.write (tmp, strlenftmpl);
dlebugFiIe.cIosed ;

aj)r - 3earchHead;

-printf(tmp, “SearchList node (id,ld,ld) Dist * if",

cur->t, our->w, cur->1, cur->."iearchDist) ;
out « tmp;
if (debquFIag)

debugFile.open (DEBUG FILF.MAME, io0s: :app) ;
debugFile.wtite (trap, strlen |[tmp));
debugFile.closel);

cur—ur-'msearchNext;

while (cur t- searcliHead) ;

itrcpy(trap, "End ot Searchl.i3t\n") ;
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cout « tmp;
if (debquFIag)

debugFile.open (DESBUG_FILEH/VME, ios: :.ipp);
debugFile.write(tmp, strlen(tmp));
dlebugFiIe.cIosed;

void VertexList::MarkPath(VERTEX_NODE*v)
VERTEX_NODE *tmp;

if (v — (VERTEX_NODE*)NULL)
return;

11 cout « "Path from Goal to StartXn";
v->pathTo = (VERTEX_NODE*J NULL,;
do |
tmp - v->pathFrom;
Il cout « "<" « v->t « « V-SW o« * M o« v->] o« ")\t
if (tmpI!- (VERTEX_NODE*)NULL)

tmp->pathTo « v;
v - v->pathFrom;

while (tmp 1= (VERTEX_NODE«)HULL);

void VertexList::RemoveFromSearchList(VERTEX HOPE*a)
VERTEX NODE ‘cur;

if ((a->searchPcev — (VERTEXNODE*)NULL)
Il (a->searchNext —> (VERTEX_NODE*)HULL)1

If (searchHead -» a)

searchHead = (VERTEXNODE*)NULL;
return;

cur*a->searchFrev;

if (cur — a)
searchHead - (VERTEXNODE*)MULL;

11 cout « "Removed Search Mode (";

/1 cout « a->t« """ « a->w « """ « a-.'l « "), SearchList emptyNn"
else

cur->searchNext " a->searchNext;
cur - a->searchNext;
cur->searchPrev = a->searchPrev;
if (searchHead — a)
searchHead = a->searchNext;
11 cout « "Removed Search Node (";
11 cout « a->t « 7, " << a->w << « a->1 « ")\n";

a->searchPrev - a->searchNext o (VERTEX NODE*)NULL;

void VertexList::RomoveVertex(VERTEX NODE ‘todie)
VERTEX NODE Ump;

if (todle — (VERTEX_NODE*)HULL)
return;

RemoveFtomSearchList(todie);

if ( ((‘todie).prev =- (VERTEX NODE*)HULL)

is ((‘todie).next — (VERTEXNODE*)HULL! )
vertexHead - (VERTEX NODE-(HULL;
return;

If ( (<‘todie) .prev != (VERTEX NODE*)HULL)

*S ((‘toldie).next >- (VERTEX NODE")HULL) )
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tmp - (etodie).prev;
(etmp).next « (‘todie).next;
tmp« {'todie).next;
(etmp).prev - ('todie),prev;

return;
te 1 ((‘todie).prev — (VERTEXNODE')NULL)
ts (('toldie) .next !- (VF.RTEXNODEMNULL) )

vertexHead « tmp - (*todie).next;
(etmp).prev - (VERTEX_NODE*) NULL;

return;
if ( ((todie).prev !- (VERTFX_NODE)NULL)
«£ ((‘todie).next — (VERTEX NODE')NULL) )

trap- (‘'todie).prev;
(etmp).next - (VERTEX_NODE*)NULL;
return;

void VertexList: :T,rimSearchList0

VERTEX_NODE *eur, 'tmpPtr-(VERTEX_NODE")0;
int trimmed-TRUE;

I cout « "Trimming scardi list to " « searchTrimDist « ” or ieasNn";
if ((searchHead — (VERTEX_NODE')NULL)
Il (searchTrimDist < 0.0))
return;

cur - searchHead;
while Htnpptr !m cur) il (trimmed — TRUE))

if (trimlm ed““ TRUE)

"mppt.r-cur;
r imined” FALSE;

if ((‘cur) .searchDist. >~ searchTrImDist)
|
I cout « “Trlmraed out {";

11 cout « cur->t « "M o«oocur->w o« MUt o« cur->l« M)
U cout « "Plat was " « cur->searchDist « "\n";
if (cur -= cur->searchNext)

KemoveFromseatchLlIst(cLr) ;
blreak;

else

tmpPtr - cur->searchNext;
RemoveFromSeacchList (cud ;
cur - tmpPtr;
trimmed - TRUE;
1

|

else
cur - cur->searchNext;

[ cout « M- \n:

B.8. Partial Update Depth First Graph Theory

The Partial Update Depth First Search Algorithm for Graph Theory which was developed and
implemented as part of this project was coded in ANSI C++. The filenames for each of the separate source
code files were supplied inside C++ format comments (i.e. 1) at the beginning of each file listing. A
detailed explanation of the design behind this program was presented in Chapter 4.

/'l m<iin.cpp

(include <iostream.n"
(include <f3tre.im.ti'
finclude <stdio.h>
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linclude <conio.h> /1 for getchl)

(Include <alloc.h> /1 for coreleft()
(include <3tdlib.h> /1 for Itoa()
«include «string.h> Il for strcpyO

»include <sys\timeb.h>
(include <dir.h>
(include <ctype.h>
(include "edge.hpp"
linclude "vertex.hpp"
(include "object.hpp"
(include "domain.hpp"
(include "bench.hpp”

(detlne MAPt'ihK_MASK "MAP*.DAT"

int main(int, char**)

void BuildUpdateListFromDomaln(VertexList«, VertexList«, Domains);
void BuildVertoxListFromDomain(VertexLIst«, Domaink);

void FindAllEdges(VertexLi3t«, Domains);

void FindEdgesForUpdateNode(VERTEX NODE*, VertexList«, VertexList«,
int MemStatus(chare);

void MergeLists(VertexLists, VertexLists, Domain«);

int SetWorkingDir(void);

void RenameMapFile(char*);

int maintint argc, char** argv)

char* shortName;
struct ffblk mapfile;

for(:3),

shortName - strstr(argv (0|, "\\") ;
if (shortName — (char*)NULL)

shortName - argv[0);
cout « "Thi3 is " « shortName « "\n";
blreak;

else

MemStatus("Free memory before mainloop in main: ");

argv(0O) « shortNameU;

if (iSetIWorkingDir())

cout « “Program exiting gracefully\n”;
return (1) ;

if (fin(ifirst(MAPFlLEMASK, «mapfile, 0))

Domain«)

cout « “"Program exiting gracefully - no map files foundNn";

return(1);

char tmp|2S6];
int i;
Benchmark stopwatch(shortName);

do

sprintf(tmp, “Starting on ts: ", mapfile.ff_name);
MemStatus(tmp);
for (i=0; KNUMTIMES; i*+)

int timeTaken;

float di3tTravelled;

Domain theWorld(10, 20, 20, mapt'lle. ff_name) ;
VertexList vertList, updateUst;

timeTaken = 0;
distTraveilod « 0.0;
stopwatch.lterstartl), mapfile.if name);
.sitopWatch .Cl icfc () ;
RuildVertexListFroml)omain(vertl.i3t, theWorld) ;
FIndAllEdaea(vertList, thewWorld) ;
for(:)
int pathFoundFlag, goalFoundFlag, a, b,
float: dist;
VERTEXNODE *tl;

stopwatch.Click!);
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theWorld.DrawDomain() ;
stopwatch.Click!) ;

pathFoundFlag - vertList.FindPathO;
stopwatch.Click();

if (pathIFoundFIaq — TRUE)

cout « "Path found to the GOAI!";
cout « "(dist»" « distTravelled « ")\n";

else

cout « “"No path found to the GOAL!
cout « "(di3t"" « distTravelled « ")\n";

tl » vertList.GetStartVertexO ;
if (pathFoundFlag)

a » tl->pathTo->t;
b < tl->pathTo->w;
c - tl->pathTo->1;

else |
a - (tl->t)+1;
b - tl->w;
C - tl->1;

goalFoundFlag ~ theWorld.MoveRobot(tl->t, tl->w, tl->1,

a, b, c, sdist);
distTravelled +« dist;
timeTaken++;
if (goaIIFoundFIag)

cout « "MADE IT TO THE GOAL!\n";
blreak;

theWorld. AdvanceTimeO ;

stopwatch.Click();

BuildUpdateListFromDomain(vertList, updateList, theWorld);

MergeLists(vertList, updateList, theWorld);
stopwatch.lterStopttimeTaken, distTravelled);

stopwatch.LogCalcs();
RenameMapFile(mapfile.ff_name);

while (Uindnext («mapfile));

MemStatus("Free memory after mainloop in main: ");
return(0);

void BulldUpdaLeListFromDomnin(VertexLi3t svList, VertexList. (uList, Domain «domain)

char type;
int t-domain.GetDomainTimeSlices(), at
int Wdomain .GetDoma 1r.Width (), b;
int 1"domain.GetDomainLength(), c;
VERTEX_NODE*newPtr; —
for(a=<0; a<t; at+)
for(b"o;I b<w; b+»)
for(c*O;I c<l; ¢c*M
type - domain.GetrointType(a, b, c);
if ((type — VERTEX)
Il (type — START)
Il (type -- '30AL))
|
VERTEX NODE M.mpv, etmpu;

tmpv » vl.ist.FindVertex(a, b, c);
trapu - uList.FIndVnrtex(a, b, c);

« (Tt
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|

newPtr - uLlst.BuildNewVertexia, b, c, type);
«List.InsertNewVertex(newPtr);

continue;

if ({tmpv !- (VERTEXNODE®*) HULL)
is (tmpv->nodeType !- type))

vList.RemoveVertex(tmpv);
VList.DelVertex{tmpv);

newPtr - ulList.BuildNewVertex(a, b, ¢, type);
uList.InsertNewVertex(newPtr);

continue;
1
if I(tmpu !- (VERTEX_NGDE*)NULL)

li (fcmplu->nodeType 1= type))
uList.RemoveVertex{trapu);
uList.DelVertex(tmpu);
newPtr - uList.BuildNewVertex(a, b, c, type);

uList.lnsertNewVertex(newPtr);
continue;

else

VERTEXNODF. *V;

v - vList.FindVertex(a, to c);
if (v!-(\/IERTEfoODE*)NULL)

r.DGENODE'e;

forle - v->edgeld3t->GetFirstEdge() ;
e 1- (EDGE_NODE*)NULL;
e - v->adgeLi3t->GetNextEdge(e))
VERTEXNODE* v2;

v2 « vList.FindVertex(e->t, e->w, e->1);
If (v2 II (VERTEX_NODE*)NULL|

vList.RemoveVertex(v2);
uList.InsertNewVertex(v2);
v2->edgeList~>DelAHEdges() ;

vLiist.DelVertex(v);

V - utlst.FtndVertex(a, b, c];
If (v 1-I (VERTEX NODE*[NULL)

uList.DelVertex(v);

void RuildVeitexListFroroDomain(VertexList svList, Domain idomain)

ctiar type;

int t-domaln.GetDomainTimeSlices(), a;
int wr»domain.u'etDomainWidth (), b;

int 1-domain.GetDoaiainLengthO , c;
VERTEX MODE'newPtr;

for(a=0; a<t; <i++)
£or(b»0;I b<w; bn]
for(c«0; c<lI; <:i+4)

type - domain.GetPointTypefa, b, c);
if ((type — VERTEX)

INGE- s Y)
newPtr * vList.flui ldNewVertex(a, b, c, type);
vList.InsertNewvet tex (nt-wPtr) ;
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void FInIdAIIEdges (VertexList svList, Domain «domain)

EDGENODE'e;
VERTEX NODE*a, *b;
float dist;

for(a - vList.GetFirstVertox();
a !- (VERTEXNODE*)HULL;
a » vList.GetNextVertex(a))

for (b - vList.GetNextVertex(a);
b !- (VERTEX_NODE*)NUI,L;
b - vList.GetNextVertex(bll

If (a — b)
continue;

if t(a->t =» b->t)
hi (a->w -** b->w)
ii (a->1 “ b->Ij)
continue;
dist » domain.CheckLine(a->t, a->w* a->1, b->t, b->w, b->I);
if idist > 0.0)
e - a->edgelList->BulldNewEdge(b->t, b->w, b->i, dist);
3->edgoList->Insejft NewEdgo (e) ;
dist- domain.CheckLine (b->t, b->w, b->I, a->t, a->w, a->1);
if (distI > 0.0)
g = t->wiqol,ist->BuildNewEdye(a->t, a-?w, a->1, dist);
b->edgelList->InsertNewEdge(e);

1

void FindEdgesForUpdateNode(VERTEX NODE'cur, VertexList svList, VertexList iuList, Domain idomain)

EDGE_NODE™e;
VERTEX_NODE*3;
float dist;

for(a - vList.GetFirstVertex ();
a |- (VERTEX_NODE*)NULL;
a *vList.GetNextVertex la))

if (@ “ cur)
continue;

it {(a->t wmcur->t)
ii (a->w -- cur->w)
is (a->1 «” cur->1))
continue;
dist - domain.CheckLine(a->t, .i->w, a-?l. cur->t, cur->w, cur->1);
if idist > 0.0)
a - a-."r?diieList->8ui IdNewEdge (cur->t, cur->w, cur->1, dist);
a-iedgeList-MnsertNewEclge (e) ;
dist - domain.CheckLino(cur->t, our->w, cur->1, a-*>t, a->w, a->1);
if (distI > 0.0)

< = cm ->edgelirnt->BulldMewEdge (a- >t,
cur->edgelii8t->InsertNewEdae(e) ;

a->W, a->1, dist);

lor(a - uList.Get.FirstVertex () ;

a !- [VERTEXNODE*)NULL;

a » uList.GetNextVertex(a))
if (a — cur)

continue;



If ((a->t cur->t)

it (a-?2vr =» cur->w)

ii {a->1 — cur->1j 1
continue;

dist - domain.CheckLine(a->t, a->w, a->1, cur->t, cut-™, cur->1);
if (dist > 0.0) |

e - 3->edgelList->BuiidNewEdge(cur->t, cur->w, cur->1, dist);
a->edgeList->InsertNewEdge(e) ;

dist - domain.ChecliLlne(cur->t, cur->w, cur->I, a->t, a->w, a->1);
If (distI >0.0)

e - cur->edgeList->8uiidNewEdge(a->t, a-sw, a->I, dist);
cur->edgeLiat->InsertNewEdge(e);

int MemStatus(char *StatusMessage)

char tmp(256);
fstream debugFile;
long MemLeft;

Int ret;

debugFile.open("DEBUG.LOG", i03::app);
if (idebugFile)
cout « "Unable to open DEBUG.LOG\n";

MemLeft = (long) coreleftO;
sprinti(tmp, "ts»ld\n", StatusMessage, MemLeft);
debugFile.write(tmp, strlen(tmp));
debugFile.close 0 =

It cout « StatusMessage « MemLeft « "\r";

ret = farheapcheckO ;
if tret — _HEAPOK)
cout « “Heap ok” « StatuaMe3sage « "\n";

else
cout « "Heap error <" « ret « « statusMessage« "\n";
getcttO ;
rleturn(FALSE);

rletu rn (TRUE) ;

void MergeHst3(VertexList ivList, VertexList iuUst, Domain idomain)
VERTEX_NOOE4 cur;
for (cur-uList.GetFirstVertexO ;
cur!l- (VERTEX_NODE*) MULL;
cur=uLiat.GetFirstVertex())
uList.RemoveVertex(cur);
FIndEdgesForUpdateNode(cur, vList, uList, domain);
vList.InsertNewVertex(cur);

cur - vl,ist.GetStartVertex();
if (cur I!- (VERTEX NODE*)NULL)

cur—searchMarker - vList. GetSearchMarker (I t 1;
vIList.AddToSearchLIst(cur);

int SetWorkingDirO
char ro.ipdir (256];
cout «"Enter the directory contairiing map [lies, or \"g\" for quit:”;
cin » mapdir;

I f (touplper(mapdlr(OI) -- ’07)

cout« "Quitting...\n";
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rleturn(FALSE);

if (chdir(ruapdir))

cout « "The directory " « raapdir « " could not be found.\n";
return(FALSE);
cout « "Made " « mapdir « " the current directory.\n";

return(TRUE);

void RenameMapFile(char *fi lename)

char newfilename[i28j;
char* ch;
int i=(int) '.";

strcpy(newfilename, filename);
ch ” strrchr(newfllename,1);
if (ch 'I (char*)NULL)

3trcpy(ch, ".bait");
rename(filename, newfilename);

else
ex lt(l);

Il bench.hpp

«define FALSE 0
«define TRUE !FALSE
»define NUMTIMES 10
«define MAXFILENAME 13

class Benchmark

public:
Benchmark(charl);
-Benchmark () ;
void Click(void);
void IterStart (int, char*);
void IterStop(int, float);
void l.ogCalcs(void);
private:
void Diff(struct timeb*, struct timeb*, stxuct timeb*);

f3tream logFile;

f3tream avgFile;

char mapFiieName(MAXFILENAME];

struct timeb benchmarksiINUMTIMES][2];

float distRobotTravelled(NUMTIMES];

int timeTaken(NUMTIMES];

int currentlter;

int clickToggieFlag;

struct timeb olapsedTirae, computeTIme;

struct timeb 3tartTime, clickOnTime, cllckOffTime;

Il bench..cpp
«include <iostream.h>
«include <fstream.h>
«include <stdio.h>

«include <¢ o> > Il for coreleft()
«include <stdlib.h> 11 for 1toa () -—
«include «string.h> 11 for strcpy ()

einclude <sys\timeb.h>
«include "bench.hpp”
Benchmark::Benchmark(char ‘fileName)

char *tmp;
char logname(MAXFILENAME];

while((tmp = strchrffileName, 'W ')) !» (char*)NULL)

fileName - i.mpH;
strcpy(logname, fileName);
if ((tmp - strchr(logname, '.")) !« (char*)NULL)
strcpy(tmp, ".1OG") ;
else
strcatllogname, ".LOG");
logFile.open(logname, ios::app);

if (ilotiFile)
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cout « “Unable to open " « logname « "\n";

if ((tmp ¢ 3tcchr(logname, I** (char*)NULL)
strecpy(tmp, ".AVG");
el3e
strcat(logname, ".AVG");
avgFile.open(logname, los::app);
if (ijavgFile)
cout « "Unable to open " << logname « "Vn";

cout « "Initialised Benchmark class\n";

Benchmark::-Benchmark()
ii (logFile)

logFile.flush();
ogFile.closel!) ;

if (avgFile)

avgFile.flush();
avgFile.closed ;

cout « "“Closed log files and Destroying Benchmark class\n";

void Benchmark::Click()
3witch(c||ickToggieFIag)

case TRUE:
ftime(iclickOnTime);
clickToggieFlag » FALSE;
break;
case FALSE:
default:
ftime(icllckOffTime);
DIff(iclickOnTime, iclickOffrime, ScomputeTIme);

clickToggieFlag = TRUE;

void Benchmark::Diff (struct timeb’start, struct l.imeb*stop, struct timeb*diff)

if ((*stop).millitm < (‘start)-millitm)

(estop).millitm +- (short)1000; /¢ carry when subtracting, 3tops*/
i*Start).time +« 1L; /* negative wraparound problems!*/

*diff).millitm +¢ (*stop).millitm - (‘start).millitm;
*diff).time +- (long)((*diff).millitm / (short)1000);

(

(

(«diff).millitm *- (short)1000;

i-dlff).time +- (("stop).time-(‘start)-time);

void Benchmark::lterStartlint i, char's)
currentlter - 1;
clickToggleFlag - TRUE;
computeTime.time - elapsedTIme.time - OL;
computeTime.millitm - elapsedTime.millitm - O;
strcpy(mapFileName, s);

ftimeUstartTime);

void Benchmark:: It:erStop(int t, float dlstTravelled)
3truct timeb stopTime;

ftime(i3topTime);
Diff(istartTime, istopTIme, selapsedTime);

benchmark3|curienl.Iterl 101.time - elapsedTime. time;

benchmarksjcurrentlter 1[01.millitm - olapsedTImo.millitm;
benchmark3|currentlterl|l|.time - computeTime.time;
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benchmarks[currentlter][1].millitm
timeTaken[currentlter] = t;
distRobotTravelled[currentlter]

distTravelled;

void Benchmark::LogCalcs{

char tmp[256];
float avgDist;
struct timeb avg;

int i, avgTimeTaken;

for(i=0, avg.time=0L, avg.millitm=0, avgDist=0.0,
i<NUMTIMES;
i|’++)

sprinti(tmp,
benchmarks[i][0].time,
logFile.write(tmp, strlen(tmp));
sprintf(tmp, "“%s
benchmarks[i][1].time,
logFile.write(tmp, strlen(tmp));
sprintf(tmp,
distRobotTravelled[i])
logFile.write(tmp, strlen(tmp));
sprintf(tmp, "%s
timeTaken[i]);
logFile.write(tmp, strlen(tmp));
avg.time+=benchmarks[i][0].time;
avg.millitm+=benchmarks[i][0].millitm;
if (avg,millitm % 1000 != avg.millitm)

(long)(avg.millitm !
%= (short)1000;

avg.time +=
avg.millitm

)

sprintf(tmp,
logFile.write(tmp,
cout « avg.time «
cout « tmp « "\n";

"%s Tot. Elapsed time:%051d.%03d\n",
strlen(tmp));
« avg.millitm « "\n";

i = (int) (avg.time % (long)NUMTIMES);
avg.time /= (long)NUMTIMES;
avg.millitm += i * 1000;

avg.millitm /= NUMTIMES;

% Avg. Elapsed time:%051d*%03d\nn,
avgFile.write(tmp, strlen(tmp));
sprintf(tmp, "%s Avg. Elapsed time:%051d.%03d\n",
logFile.write(tmp, strlen(tmp));

sprintf(tmp,

11

for(i=0, avg.time=0L, avg.millitm=0; i<NUMTIMES;
avg.time+=benchmarks[i][1].time;
avg.millitm+=benchmarks[i][1].millitm;

if (avg ,millitm % 1000 != avg.millitm)

(long)(avg.millitm /
%= (short)1000;

avg.time +-
avg.millitm

"%s Tot. Compute time:%051d.%03d\nn,
logFile.write (tmp, strlen(tmp));

(int) (avg.time % (long)NUMTIMES);

avg.time (= (long)NUMTIMES;

avg.millitm += i * 1000;

avg.millitm /= NUMTIMES;

sprintf(tmp, "%s Avg. Compute time:%051d.%03d\nn,
avgFile.write(tmp, strlen(tmp));

sprintf(tmp, "Is Avg. Compute time:%051d.%03d\n",
logFile.write(tmp, strlen(tmp));

sprintf(tmp,

for(i=0, avgTimeTaken=0; i<NUMTIMES; i++)
avgTimeTaken+=timeTaken[i];
avgTimeTaken avgTimeTaken / NUMTIMES;
sprintf(tmp, "“%s Avg. Time Taken:%d\n",
avgFile.write(tmp, strlen(tmp));
logFile.write(tmp, strlen(tmp));

for(i=0, avgDist=0.0; i<NUMTIMES; i++)
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"%s (%02d) Elapsed time;%051d.%03d\n",

(%02d) Compute time:%051d.%03d\n",

"%s (%02d) Dist travelled:% f\n",

(%02d) Time Slices Taken:%d\n",

mapFileName,

computeTime.millitm;

avgTimeTaken=0;

mapFileName, i,
benchmarks[i][0].millitm); '

mapFileName, i,
benchmarks[i][1].millitm);

mapFileName, i,

mapFileName, i,

(short)1000);

mapFileName, avg.time, avg.millitm);

mapFileName, avg.time, avg.millitm);

mapFileName, avg.time, avg.millitm);

i++)

(short)1000);

mapFileName, avg.time, avg.millitm);

mapFileName, avg.time, avg.millitm);

mapFileName, avg.time, avg.millitm);

avgTimeTaken);



avgDist += distRobotTravelled[i];
avgDist " avgDist / ((float)NUMTIMES);
sprintf(trap, "%s Avg. Dist Travelled:%f\n", mapFileName, avgDist);
avgFile.write(tmp, strlen(tmp));
logFile.write(tmp, strlen(tmp));

sprintf (tmp, "%s =======\n", mapFileName);
avgFile.write(tmp, strlen(tmp));
/1 sprintf (tmp, "%s ==«=—m=*===== - \n", mapFileName) ;

logFile.write(tmp, strlen(tmp));

/1 domain.hpp
fdefine FALSE 0
+define TRUE (FALSE

Idefine GOAL 'G1

fdefine START 'S’

ldefine OBJECT »X1
Idefine ADJ TO_OBJECT 'x'
Idefine MOBILEJDBJECT ’'M'
fdefine CLEAR T.'

Idefine VERTEX 'V'

ldefine BITMASKJTOP (int)0x08
Idefine BITMASK_LEFT (int)0x04
ldefine BITMASK_BOTTOM (int)0x02
Idefine BITMASK_RIGHT (int)0x01
Idefine BITMASK_CLEAR (int) 0x00

Idefine FROM_FRONT 0
Idefine FROM_BACK 1
ldefine FROM_LEFT 2
Idefine FROM_RIGHT 3
Idefine FROM_FRONTRIGHT 4
Ildefine FROM_FRONTLEFT 5
Idefine FROM_BACKRIGHT 6
fdefine FROMJI3ACKLEFT 7
Idefine FROMJIP 8
ldefine FROM_DOWN 9
Idefine FROM_NOWHERE 10

Idefine NOCOST (float)0.0

Idefine NORMAL (float)1.0

Idefine NORMAL"DIAG (float)1.414214
Idefine BLOCKED (float)1000.0

typedef struct
<

float dist;
int from;
char type;
float cost[9];
] POINT;

class Daomain

public:
Domain(int, int, int, char*);
ADomain();
void AdvanceTime(void);
float CheckLine(int, int, int, int, int, int);
void DrawDomain(void);
int GetDomainLength(void) { return(domainLength); }
int GetDomainTimeSlices(void) { return(domainTimeSlices); ]
int GetDomainWidth(void) { return(domainWidth) ; ]
POINT* GetPoint(int, int, int);
float GetPointCost(int, int, int, int);
char GetPointFrom(int, int, int) ;
char GetPointType(int, int, int);
int IsPointClear(int, int, int);
int IsPointGoal(int, int, int);
int IsPointNearObject(int, int, int);
int IsPointObject(int, int, int);
int IsPointStart(int, int, int);
int IsPointVertex(int, int, int);
int MoveRobot(int, int, int, int, int, int, float*)
void SetPointFrom(int, int, int, int);
void SetPointType(int, int, int, char);
private:
void AgeTimeSlices(void);
int CalcRobotDir(int, int, int, int, int, int);
int ClearAdjPointOK(int, int, int);
void ClearMobileObject(int, int, int);

B -238



void ClearVerticesInTimeSlice(int) ;
void DrawTimeSlice(int);

void InitTimeSlice(int);

void MarkMobileObject(int, int, int);
void MoveMobileObject(OBJECT_NODE+)
void MoveMobileObjects(void);

void SetAdjObjsInTimeSlice(int);
void SetGoalFromFiie(char*);

void SetMobileObjsFromFile(char*);
void SetPermObjsinTimeSlice(int) ;
void SetStartFromFile(char*);

void SetVerticesInTimeSlice(int) ;

ObjectList objList;
POINT** domainHead;
int domainWidth;
int domainLength;
int domainTimeSlices;

J;

/1 domain.cpp

#include <iostream.h>
s¢include <fstream.h>
iinclude <alloc.h> /1 for coreleft()
#include <stdio.h>
#include <stdlib,h> /1 for itoa()
~Ninclude <string.h> /1 for strcpy()
finclude <conio.h>
¢include "object.hpp”
¢include "domain.hpp"
Domain:;Domain(int numTimeSlices, int width, int
|
int i;
cout « "Contructing Domain class\n";
domainTitneSlices = numTimeSlices;
domainWidth = width;
domainLength = length;
cout « "FreeHeap:" « farcoreleft() «
cout « "Amount needed for one timeslice:";
cout « width*length*sizeof(POINT) « "\n";

domainHead -

length,

(POINT**)farcalloc(hnumTimeSlices,

"\n";

char*mapFileName)

sizeof(POINT**));

if (domainHead == (POINT**)NULL)
cout « "Not enough memory to build model of world\n";
domainHead = (POINT***)NULL;
domainTimeSlices = domainWidth = domainLength = O0;
return;
for(i=0; iCnumTimeSlices; i++)
domainHead[i] = (POINT*)farcalloc (width*length, sizeof(POINT));
cout « "FreeHeap after timeslice allocated:" « farcoreleft() « ™"\n";
if (domainHead[i] == (POINT*)NULL)
if (i==0)
cout « "Not enough memory to build model of world\n";
else
cout « "Only enough memory to build ” « i « n of the "
cout « numTimeSlices « " timeslices in model of world\n";
domainTimeSlices = i;
hreak;
InitTimeSlice(i);
SetPermObjsinTimeSlice(i);
SetStartFromFile(mapFileName);
SetGoalFromFiie(mapFileName);
SetMobileObjsFromFile(mapFileName);
for(i=0;_ KdomainTimeSlices; i++)
SetAdjObjsInTimeSlice(i);
SetVerticesInTimeSlice(i);
for(i=0; i<domainTimeSlices-I; i++)
AdvanceTime();
cout « "“FreeHeap after Domain allocated:" « farcoreleft() « "\n";
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Domain::-Domain O

POINT *tmp;

int i;

cout « "Destructing Domain clas3\n";

if (domainHead - (POINT* )NULL)
cout « "Not treeing domain - DomainHead was NULL\n";
return;

for(i“0; iidomainTimeSlices; ift)

tmp - domai nllead [i];
farfree(tmp);

farfree(domainHead);

domainHead - (POINT**)NULL;
cout « "FreeHeap after Domain deallocated:” « farcoreleft(Q « "\n”;
// gietchl);

void Domain::AdvanceTime()

AgeTimeSlices();

11 DrawDomain();
ClearVerticesInTimeSlice(domainTimeSlices-1);
MoveMobileObjects!) ;

I DrawDomain();

SetVertices In'i'imeSlice (domainTimeSlices-1);

/1 DrawDomain!);

;{/////////////////////////////////////
/1 Copy the contents of every timeslice
/1l into the previous timeslice

fi j01 <- (11, (Il <- [21, etc.

Il Leave the last timeslice unchanged.

Il Another routine will decide the moves
Il for all the mobile objects.

I

Il A quick way to do this is moving ptrs
/1l to the timeslices and only copying the
/Il contents of the last timeslice over the
Il contents of the fir3t timeslice

[
{II/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
void Domain:jAgeTimeSlices!)

|

int i, j;

POINT *tmp;

tmp - domainHead(0];
ford'O, j~I; I<domainTimeSlices-l; i++, j»+)
domainHead(i) « domainHead[j 1;
domainHead[domalnTimeSlices-1) - tmp;
_fmemcpy(domainHeadtdomaLnTimeSlices-I11,
domainllead [domainTimeS1l ---2),
sizeof (“domainllead|domainTimeSlices-1 !)m),

int Domain::CalcRobotDir(int 3t, int sw, int si, int et, Int ew, Int el)

if ((IlsPointStart(st, sw, si))
Il (IsPointGoal(3t, sw, si)))
return (clear);

if ((ew - sw > 0)
i« (el -I 31 > 0))

swf*, sHH

if ((IsPointClear(st, sw, si))

Il (IsPointVertex(st, sw, si))

Il (IsPointGoal(st, sw, si)))
return(frontright);

else

return(clear);



it (few - sw > 0)
ti (ei - 31 — 0)>

swt+;
if ((IsPolntCiear(3t, sw, 31))
Il (IsPolntVertex(st, sw, si)}
Il (IsPointGoal(st, sw, si)))
return(right);
else
return(clear);

if (Jew - sw > 0)

si (el - si < 0))
|
SWH++, si— ;
if ((I1sPolntClear(st, sw, si))
Il (1sPointVertex(st, sw, slI>)
Il (1sPointGoal(st, sw, si)))

return(backrlight) ;

else

)

if (lew - sw -- 0)
ss (el - si > 0))
|

return(clear)l

S14-+;
if ((IsPolntCiear(st, aw, si))
Il (IsPolntVertex(st, sw, si))
Il (1sPointGoal(st, sw, 31)))
return(front);
else
return(clear);
|

if ((ew - sw — 0)
St (el - si - 0)
ss (et - st > 0))
|
st++;
if ((IsPolntCiear(3t, sw, si))
Il (1sPolntVertex(st, sw, si))
Il (1sPointGoal(st, sw, si)))
return(up);
else
return(clear);

if (lew - sw -- 0)

st (el - si * 0))

31-
IE ((IsPolIntCiear(st, sw, sill
Il (I1sFolntVerteldifst, sw, si))
tl (IsPointGoal(st, sw, si)))
return(back);
else
return(clear);

if ((ew - sw < 0)
Si fel - si > 01)
|
sw—, iltt;
if ((IsPointClear(st, sw, sl)J
Il (IsPolntVertexfat, sw, ol))
Il (IsPointGoal(st, sw, si)))
return(frontleft);
else
return(claar):
|

it (few - sw < 0)
St (el - si »m 0))
|
SW— !
if fflsPointClear(st, sw, si))
Il (1sPolntVertex(st, sw, si))
Il (1sPointGoal (3t, sw, si)))
return(left);
else
return(clear);
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if ((ew - sw < 0)
44 (el - si < 0)>

sw— , sl- ;

if ((IsPolntCiear(st, sw, sl))

Il (IsPointVertex(st, sw, sl))

Il (IsPointGoal(3t, sw, sl)))
return(back left);

else

return(clear) ;

return(clear);

float Domain::Checkl,Ine(Int st, int sw, int sl, int et,
1

// static int displayCounter-1;
int tmpt, tmpw, tmpl;
float dist;

for(dist-0.0, tmpt=et-st, tmpw-ew-sw, tmpl-el-sl;
(tmpt - 0) I (tmpw = 0) 11 (tmpl !« 0);
tmpt-et-st, tmpw-ew-sw, tmpl-el-sl)

if (tmpt < 0)
return(-1.0);

if ((tmpw > 0)
44 (tmpl > 0))

dist +- GetPointCost(st, sw++, sl++,
if ((UsPointCleartst, sw, sl))

44 ((st 1-et) NI (sw I-ew) |l (sl 1- el))

return(-1.0);
continue;
1
if ((tmpw > 0)
44 (tmpl - 0))

dist t- GetPointCost (st, sw++, sl, ricjht) ;
If ((MIsPolntCiear(st, sw, sl))
44 ((st - et) 11 (sw !'-ew) Il (sl !- el))
return(-1.0);

I
If ((tmpw > 0)
44 (tmpl < 0))

continue;

dist +» GetPointCostfst, sw++, sl- , backright)
if (('IsPolntCiear(st, sw, sl))
44 ((st !'-et) I (sw !'-ew) 11 (sl " el))
return(-1.0);
continue;
1
If ((tmpw < 0)
44  (tmpl > 0))
1
dist *- GetPointCost(st, sw- , sl++, frontleft);
if (('I3PointClear(st, sw, sl))

int ew, int el)

frontright);

D

D

)

44 ((st '-et) 1] (sw 1- ew) 11 (sl 1= el)))

return(-1.0);
continue;
1 -
if ((tmpw < 0)
44 (tmpl -» 0))
1
dist t- GetPointCost(st, sw-— , sl, left);
if (('lsPolntCiear(st, sw, sl))
4 ((st - et) I (sw ! ew) 1 (sl
roturn(-1.0);
continue;

if ((tmpw < 0)
44 (tmpl < 0))
1
dist +- GetPointCostfst, sw— , sl- , backleft);
if (('IsPointClear(st, 3w, sl))
<S ((st X« fip 11 (sw !=ew) || (si
return(-1.0);
continue;
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|
it ((tmpw we 0)
st (tmpl > 0))

dist +- GetPointCost(st,
if ((llsPolntCiear(st,
St (1st I= et)
return(-1.0);
continue;
1
if ((tmpw 0)
Si (tmpl < 0))
1
+- GetPointCost(st,
if (('IsPolntCiear(st,
ts ((st 1- et) Il (sw
return(-1.0);

dist

continue;
|
if ((tmpw -- 01
ss (tmpl 0)
ss (tmpt >0))
|
+- GetPointCost(st++,
if (('lsPointClear(st,
ts ((st 1=-et) 1l (sw
return(-1.0);

dist

continue;
1

1 cout « "CheckLine:" «
return(dist);
|

int Domain::ClearAdjPointOK(int t,

char type;
int a,b;

for(a-w—ll;a<»w+l;a++)
if ((@a <0) Il

continue;
for (b-i—ll ib<-1+1;bn-)

Sw,

sw,

displayCounter++ «

int w,

sl++, front);

sw, sl))

I (sw P ew) Il (sl !» el)))
sl—, back);

sw, si))

I- ew) || (s] !- el)))

sw, si, up);

sw, sl))

-ew) Il (sl !- el)))

“ireturned" « di3t «

int 1)

(a >+ domainWidth))

if ((b <0) Il (b > domainLength))
continue;
if ((a — w ss (b — 1))
continue;
type = GetPointType(t, a, b);

if ((type — OBJECT)

1 (type --

MOB| LF-_OBJF.CT))

return(FALSE);

rleturn(TRUE);

void Domain::ClearMoblleObiect(Int t,

if (Getli’ointTypeft, w, 1) —
if (ClezirAdeointOKIt,

SetPolntType(t,
SetPointFromlt,

else
SetPolntType(t,
SetPointFromlt,
I
for(icw-l, J-1-1; j<1+2;)
if ((GetPointType(t, i, )) —

:is (ClearAd)PolntOK(t,

SetPointType(t, 1, j,

int w, int 1)

MOBILE_OBJF.CT)

w, 1))
w,1, CLEAR);
w,1, FROM NOWHERE);

ADJ TO OBJECT);
FROM NOWIIFRE) ;

ADJ TO OBJECT)
L DN

CLEARY);

"\n”;



SetPointFromlt, 1, ), FROMNOWHERE);

If (1 T e
i » w-1;
ll‘H';
else
i++;

void Domain::ClearVerticesInTimeSlice(Int ©)
int w, 1, pointType;
for(w-0; wcdomainWidth; w*+)
for(1-0; KdomainLength; 1++)

pointType m GetPointType(t, w, 1);
if (poiTtType — VERTEX)

SetPointFromlt, w, 1, FROM NOWHERE);
SetPointType(t, w, 1, CLEAR);
continue;

if (pointType — MOBILE_OBJECT)

ClearMobiieObject(t, w, 1);

void Domain::DrawDomainQ

int i;
for (i70; i< domainTimeSlices; i++)

DrawTimeSllce(i);
/7 ﬁEtCh();

void Domain::DrawTimeSlicetint timeSlice)

char type;
int a,b,y;

clrscr();
gotoxy(1,1);
cout « “"time*=t+" « timeslice;

for(b»o,l y-2;b<domainLenqth; bf+, y*+)

gotoxy(l, vy);
for(a-0; a<domainWidth; a++)

type - GetPointTypeftimeSlice, a, b);
switch(tlype)

case GOAL: —

case START:

case ADJ TOOBJECT:

case OBJECT!

case MOBILE OBJECT:

case VERTEX?
cout « type;
break;

case CLEAR:
switch(GetPointFrom(timeSlice,

case FROM RIGHT:
cout « "R";
break;

case FROMLEFT:
cout « "L
break;

case FROM UP:
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cout « Ut
break;

case FROMJXWN:
cout « D"
break;

case FROMFRONT:
cout « "F";
break;

case FROMBACK:
cout « "B";
break;

case FROMBACKLEFT:
cout « "
break;

case FROMBACKRIGHT:
cout « “(In-
break;

case FROMFRONTt.EFT:
cout « VA

break;
case FROM_FRONTRIGHT:
cout « W
break;
ca3e FROM_NOWHERE:
default:
cout «
| break;
break;
default:
cout « B
break;

cout « “\n";

POINT* Domain::GetPoint(Int timeslice, int width, int length)
FOINT *tmp, *tmp2;
tmp « domainHeadttimeSlice);

tmp2 - tmp + (domainWidth“width) + length;
return(tmp2);

float Domain::GetPointCost(int timeslice, int width, int length, int dir)

POINT “tmp;
tmp » GetPointftiiaeSlice, width, length);
return(tmp->co3t[dirl);
chat Domain::GetPointFrom(int timeslice, int width, int length)

FOINT *tmp;

tmp ¢ GetPoint(timeSlice, width, lenqgth);
| return(tmp->from);

c-har Domain: :GetPolntType(int timeslice, int width, int length)

FOINT *tmp;

tmp - GetPolnt(timeSlice, v/idth, length);
return(tmp->type);

void Domain::InitTimeSlice(int timeslice)

POINT*tmp;
int a,b;

for(a»0;a<domainWidth;at+)

for(b"O;k|)<domaInLenqth;bt+)



/e

tmp = GetPoint(timeSlice, a, b);
tmp->dist=0.0;
tmp->from=FROM_NOWHERE;
tmp->type=CLEAR;

if (timeSlice == domainTimeSlices-1)
tmp->costfFROM_UP] = BLOCKED;
else*/
tmp->cost[FROM_UP] = NORMAL;

if ({a ==0) S& (b == 0))

tmp->cost[FROM_FRONTRIGHTI = NORMAL"DIAG;
tmp->cost[FROM~RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = BLOCKED;
tmp->cost[FROM_BACK] = BLOCKED;
tmp->cost[FROM_BACKLEFT] - BLOCKED;
tmp->cost[FROM_LEFT1 = BLOCKED;
tmp->cost[FROM_FRONTLEFT] = BLOCKED;
tmp->cost[FROM_FRONT] = NORMAL;

continue;

if ((a =I= 0) (b < domainLength-1))

tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->costfFROM_RIGHT] = NORMAL;
tmp->cost[FROM BACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM BACK] = NORMAL;
tmp->costfFROM_BACKLEFT] = BLOCKED;
tmp->cost [FROM_LEFT] = BLOCKED;
tmp->costfFROM_FRONTLEFT] = BLOCKED;
tmp->costfFROM_FRONT] = NORMAL;

continue;

if ((@a == 0) & (b==domainLength-1))

tmp->cost[FROM_FRONTRIGHT] - BLOCKED;
tmp->cost[FROM_RIGHT] = NORMAL;
tmp->costfFROMBACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_BACK] = NORMAL,;
tmp->costfFROMBACKLEFT] = BLOCKED;
tmp->costfFROMJLEFT] = BLOCKED;
tmp->costfFROM_FRONTLEFT] = BLOCKED;
tmp->costfFROM_FRONT] = BLOCKED;
continue;

if ((a < domainWidth-1) & (b == 0))

tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->cost [FROM_RIGHT] = NORMAL;
tmp->cost[FROM__BACKRIGHT] - BLOCKED;
tmp->costfFROMBACK] = BLOCKED;
tmp->costfFROM~BACKLEFT] = BLOCKED;
tmp->cost [FROM__LEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] = NORMAL_DIAG;
tmp->costfFROMFRONT] = NORMAL;

continue;

if ((a <I domainLength-1) & (b < domainWidth-1))

tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->cost[FROMRIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost t FROM_BACK] = NORMAL;

tmp->cost [FROM_BACK~LEFT] = NORMAL_DIAG;
tmp->costfFROM_LEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] = NORMAL_DIAG;
tmp->cost[FROM_FRONT] = NORMAL;

continue;

if ((@a < domainwWidth-1) &% (b == domainLength-1))

tmp->costfFROMFRONTRIGHT] = BLOCKED?
tmp->cost[FROM RIGHT] = NORMAL;
tmp->costfFROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM BACK] - NORMAL;
tmp->cost[FROM BACKLEFTI = NORMAL_DIAG;
tmp->cost[FROMLEFT] = NORMAL;
tmp->cost[FROMFRONTLEFT] = BLOCKED;
tmp->cost [FROM ERONT] - BLOCKED;
continue;

if ((a == domainWidth-1) &% (b == 0))
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Lmp->cost[FROM FBONTRIGHT) - BLOCKED;
tmp->costiIFROM~RIGHT] - BLOCKED;
tmp->cost (FROM BACKRIGHT] - BLOCKED;
tmp->cost [FROMI3ACK] - BLOCKED;
tmp->costfFROM_BACKLEFTI - BLOCKED;
tmp->cost[FROM LEFT) - NORMAL;
tmp->cost(FROM'~FRONTLEFT) - NORMAL DIAG;
I:mp->cost[FROM~FRONT] - NORMAL;
continue;

if ((a <i« domainWidth-1) «4 (b < domainWidth-1))

tmp->costl FROM FRONTRIGHTJ - BLOCKED;
trop->costfFROMARIGHTI - BLOCKED;
tmp->cost(FROM~BACKRIGHT| - BLOCKED;
tmp->cost (FROM'BACK] - NORMAL;
tmp->cost (FROM_BACKLEFTI - NOPMAL DIAG;
tmp->cost(FROM_LEFT] - NORMAL;
tmp~>co3t(FROM_FRONTLEFT| - NORMALDIAG;
tmp->co3t [FROMFRONT| - NORMAL;
continue;

if ((a2 — domainLenqth-1) 44 (b mw domainWidth-1))

tmp->cost[FROM_FRONTRIGHTI - BLOCKED;
tmp->cost[FROM RIGHT] - BLOCKED;
t:mp->cost (FROM BACKRIGHT] - BLOCKED;
tmp->co3t(FROM~BACK] - NORMAL;
tmp->cost fFROM'BACKLEFTI = NORMAL_DIAG;
tmp->cost IFROM- LEFT) - NORMAL;
tmp->cost fFROM FRONTLEFTI -m BLOCKED;
tmp->cost [FROM_FRONT| - BLOCKED;
continue;

in; Domain::IsPointCleac(int t, int w, Inc 1)

if bw < 0)

Il U<0

1 (t <0

1 (w domainWidth)

Il (i >- domainLength)

Il (t >- domainTimeSiices))
return(FALSE);

switch(GIetPointType(t, w, 1))

case CLEAR:
return(TRUE);

default:
return(FALSE);

int Domain::IsPointGoal(int t, int w, int 1)

1
[l
1 >“ domainLenath)
>« domainTimeSlices))
return(FALSE);
3wltch(GetPointType(t, w. 1))
|

t

w >= domainWidth)
1

t

case GOAL:
[Qturn(TRUE);

default:

t return(FALSE);

Int Domain:: Ispoint Nmuobi‘>ot (int t, int w, int 1)

It (w<0
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1 (1 <0

1 (t <0

Il (w >= dofflainwidth)

1 @1 domainLenqth)

1 (t domainTimeSlices))
return(TRUE);

switch(GIetPointType(t, wr 1))

case OBJECT:
return(OBJECT);
case MOBILEJDBJECT:
return (MOBILB_OBJECT);
case ADJ__TO_OBJECT:
return(ADJJTO_OBJECT);
default:
return(FALSE);

int Domain::IsPointObject(int t, int w, int 1)

if w < 0)

i {'<o

I (t < 0)

Il (w >= domainWidth)

Il (1 >= domainLength)

Il (t >= domainTimeSlices))
return(TRUE)?

switch(GetPointType(t, w, 1))

case OBJECT:
return(OBJECT);
case MOBILE_OBJECT:
return (MOBILE_OBJECT);
case ADJ_TO__OBJECT:
default:
) return(FALSE);

int Domain::IsPointStart(int t, int w, int 1)

if w < 0)

I &<
<

Il (w >= domainWidth)

Il (1 >= domainLength)

Il (t >= domainTimeSlices))
return(FALSE);

switch(GletPointType(t, w, 1))

case START:
return(TRUE);

default:
return(FALSE);

} ¥

int Domain::IsPointVertex(int t, int w, int 1)

iﬂ iw < 0)

i {"<9

I (t <o

|| (w >= domainWidth)

[I (1 >= domainLength)

Il (t >= domainTimeSlices))
return(FALSE);

switch(GetPointType(t, w, 1))

case VERTEX:
return(TRUE);

default:
return(FALSE);

}

void Domain::MarkMobileObject(iht t, int wf int 1)

int i, j;
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if ((GetPolIntTypejt, w, 1) «” CLEAR)

Il (GetPointType(t, w, 1) — ADJ_TO_OBJECT))

1
SetPolIntType(t, w, 1, MOBILE_OBJECT)
SetPoint FronXt, w, 1, FROM_NOWHERE);
1

for(l-w-l, j-1-1; j<I+2;)

If (GetPointTypelt, I, j) — CLEAR)
1
SetPolntType(t, i, j, ADJ_TO_OBJECT>;
SetPointFromft, i, j, FROM NOWHERE) ;

if G «HI
t

i - w-Il;

jt

1
else

i++;

void Domain: :MoveMobileObject (OBJECT_NODF.*object)

int "domainTimeSlices-1, w(sobject) .w, 1=(»object).l;

ClearMobileObjectlt, w, 1);
swltch((“object).direction)
|
case front:
if ((IsPolntObject(t, w, 1+1)
Il (IsPointStartlt, w, 1+1))
Il (IsPointGoal(t, w, 1+1)))
(eobject).direction *
else
(“object) .1++;
break;
case frontleft:

)

rand()

if ((IsPointOblect(t, w-I, 1+1))

Il (IsPointStartlt, w-I, i+i)

Il (IsPointGoal(t, w-I, 1+1)))
(“object).direction = rand()
else
(sobject).1++, (“object).w—;
break;
case left:

if ((IsPointObject(t, w-I, 1)
Il (I3pointStart(t, w-1, 1))
Il (IsPointGoal(t, w-I, 1)))

(eobject)-direction - rand()
else
(‘object).w—;
break;
case backleft:
If ((IsFointObjecUt, w-I, 1-1))
Il (IsPointStart(t, w-I, i-1))
Il (IsPointGoal(t, w-I, 1-)))
(‘object) .direction - randO
else
(“object).w—, ("object).1—;
break;
case back:
it ((IsPolntObjoctlt, w, 1-1))
Il (IsPointStartlt, w, 1-1))
Il (IsPointGoal (t, w, I"T)))
(“object)-direction - randO
else
(‘object).1—;
break;
case backright:
if ((I3PointObiect(t, w+1, 1-1))
Il (IsPointStartlt, w+1, 1-1))
Il (IsPointGoal(t, w+1, 1-11))
(‘object) .direction = randO
else
(‘object).w+t, (‘object).l—;
break;

case rijht:
if ((IsPointObject(t, w+l, Il
Il (isPointStait(t, w+l, 1!)
Il (IsPointGoal(t, wtl, 1)))
(“object) .direction «

)

)

randO
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else
(‘object) ,wh:
break;
case frontright:
if ((IsPointObject(t, w+l, 1+1))
Il (IsPointStartlt, w+1, 1+1))
Il (IsPointGoal(t, w+l, 1+1)))
(‘object) .direction - rand() % NUMDIRS;

else
(‘object).w++, (‘object).l++;
break;
default:
cout « "eee unknown direction for mobile object ignored ***\n”;
break;

MarkMobileObject(t, object->w, object->1);

void Domain::MoveMobileObjects()
OBOECTNODE'cur, *orig;

brig « cur - objList.GetNextObjectO;

if (CUr — (OBJECT_NODE®)NULL)
return;
do

I
if ((‘cur).velocity > 0)
HoveMobileObject(cur);

cur - objList.GetNextObject();

| ) while (cur !- orig);
int Domain::MoveRobot(int st, int sw, int si, int et, int ew, int el, float'dist)
int dir;
edist - 0.0;
if (!lIsPointStart(st, sw, si))
*dist - 0.0;
r](_eturn(FALSE);

dir = CalcRobotDir (st, sw, si, et, ew, el);
SetPointType(st, sw, si, CLEAR);
SetPointFromlst, sw, si, FROM NOWHERE) ;

switch(dlir)

case frontright:
edist » GetPointCost(st, sw, si, frontright);
st++, sw++, 3I>+;
if ((!'IsBotntClenr(st, sw, si))
v< (MIsPointVertex (st, .w, si))
is (!lsPointGoal(st, sw, si)))

t
st— , sw— , si— ;
edist - 0.0;

break;
case right:
edist - GetPointCost(st, sw, si, right);
stt+, sw++;
if ((!lsPointCloar(st, sw, si))
a (!lsPointVertex(st, sw, si))
it (llsPointGoal(st, sw, si)))

st—, sw—;
-Idist - 0.0;

break;
case backright:
edist * GetPointCost(st, sw, si, backright);
st++, swt+, si- ;
if ((!lIsPointClear(st, sw, si))
(MlsPointVertox(st, sw, si))
<« (ilsPointGoal(st, sw, si)))



st— , sw— , sl*+;
edist - 0.0;

break;
case frontleft:
edist - GetPointCost(st, sw, 31, frontleft)j
st++, sw— , sl++;
if ((!'IsPointClear(st, sw, si))
4 (!lsPointVertex(st, sw, si))
44 ('1sPointGoal(st, sw, si)))

st— , sw*+, si- ;
edist - 0.0;

bieak;
case left:
edist < GetPointCost(st, sw, si, left);
st*+, sw—
if ((!1sPointClear(st, sw, 3l))
4 (!'IsPointVertex(st, sw, si))
44 (11sPointGoal(st, sw, si)))
St— , swf+;
edist - 0.0;

break;
case backleft:
edist - GetPointCost(3t, sw, si, backleft);
st++, sSw— , si-— ;
if (('1sPointClear(st, sw, si))
44 (1lsPointVertex(st, sw, si))
44 (1'lsPointGoal(st, sw, si)))

st— , sw*>, sl++;
edist. - 0.0;

break;
case front:
edist - GetPointCost(st, sw, si, front);
st++, sl*+;
if ((lisPointClear(st, sw, si))
44 ('lsPointVertex(st, sw, si))
is (!1sPointGoal(st, sw, si)))

st— , 31- ;
edi3t - 0.0;

break;
case back:
edist - GetPointCost(st, sw, si, back);
st*+, si—- ;
if ((!'lsPolntClear(st, sw, sv%))
44  (VlsPointVertex(st, sw, si))
44 ('1sPointGoal (3t, sw, si)))

dt— 3

edist - 0.0;

break;
case up:
=dist - GetPointCost(st, sw, si, up);
*xk-
if ((flsPointClear(st, sw, si))
it (!IsPoinLVertex(st, sw, si))
<4 (!'lsPointGoal (st, yw, si)))

at— ; ~—
=di3t - 0.0;

break;

default: // no movement - start IS goa
«dist * 0.0;
break;

|

If (IsPolntGoallst, sw, SI))
return(TRUE);

else

1=etPo intType 31, sw, %1, START);
w, [Ty

;i«t_PointFrom(3t, S FROM NOWHERE)
return(FALSE);
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void Domain::SetAdjob)sinTimeSliceiint timeSlice)

int a,b;
int w1;

tor(w*0; widomainWidth; wn-J
Coi (1-0; KdomaitiLeriqth; 1*+)

1
ti (!IsPointObjectttimeSlice, w, [|>)

continue;
for(ac«w-I; a<-w+l; a++)
ii ((@a <0) Il (a > domainWidth))
continue;
Cor(b=1-1; bo-1+l; b++)
[
if I(b<0) Il (b >=domainLength))

continue;
if (GetPointType(timeSlice, a, b) — CLEAR)

SetPointFrom(timeSlice, a, b, FROMNOWHERE);
SetPointTypejtimeSlice, a, b, ADJTOOBJECT)<

void Domain::SetGoalFromFile(char*flleName)

Int I, w, 1;
char recType;
char tmp|256);
fstream dataFile;

dataFile.open(fileName, ios::in);
if (ldataFile)

cout « "Unable to open " << fileName « No Goal added.\n";
for(s:)
dataFile. getlineftmp, siaeof (tmp));
if (stilen(tmp) — 0)
breaK;
if (tmp||0| — GOAL)
1/ cout « “The GOAL line is: " « tmp « "\n";
if (sscanfltmp, "%ctd%d”, «recType, sw, si) — 3)

fori 10; i<domainTimeSlices; 1++)

SetPointFrom)i, w, I, FROM NOWHERE) ;
| SetPointTypefi, w, 1, GOAL);
break;
else
1 cout =< "TmDroperly formatted line i<jnored\n“;

datafile.close!);

void Domain: :SetMobileQbjsFromFileCchar*fi leName)

Int w, 1;

char recType;

char tmpi256];
fstream dataFile:
OBJECTNODE* newObj;

dataFile.open(fileName, ios::in);

If (jdataFile)
cout « "Unable to open “ « fileName « No Mobile objs added.\n";

Cor(;;)
|
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int i;

dataFile.aetlii\e(tmp, sizeof(tmp));
i - strlen(tmp);

if (i <-0)
break;
cout « "Length of input line is: " « 1 « "\n";
if ((tmp(0] != GOAL)
it. (tmpio) 1= START))
1 cout « "OBJECT line is: " « tmp « "\n";
if (sscalnfltmp, "tc%d%d", SrecType, iw, 41) — 3)

SetPointFrom(domainTimeSllces-1, w, 1, FROMNOWHERE);
SetPointType(domainTimeSlices-I, w, 1, MOBILE_OBJECT);
newOb) « obiList.BuildNéwODbject(w, 1);

if (newi)bj)

objLIst.InsertNewObjectinewObj);
I cout « "Added obj to ob} Ilst\n";

cout « “"Improperly formatted line ignored\n";

els©
|
dataFile.closed ;
void Domain::SetPermObjsinTimeSlice(int timeSlice)

int w, 1;

for(w=0; w<domalnWidth-S; w++)

1-2;
switch(w)
case 3:
case 4:
case 5:
break;
default :
Ser.pointFrom(timeSlice, w, 1, FROMNOWHERE);
SetPointType(timeSlice, w, i, OBJECT);
1 SetAdjObjsInTimeSliceltimeSlice, w, 1);
break;
1
I
for(w=0; w<domainWidth-10; wt-t)
_7,
SetPointFrom(timeSlice, w. |, FROMNOWHERE) ;

SetPointType(timeSlice, w, 1, OBJECT);
11 SletAdjObisInTimeSIiceftimeSIice, w, 1);

for(1»0, w*domainWidth-10; I<domainLenath-2; 1++)

switch(lf
case 3:
case m):
case 5:
case 6:
case 14:
case 15:
case 16:
break;
default:

SetFointF:om(timeSlice, w. |, FROM NOWHERE);
SetPointType(timeSlice, w, I, OBJFCT);
11 SetAdjObjsInTimaSliceftimeSlice, w, 1);
| break;
|

1‘or(1—2,I w«doroainWidth-5; I<domainl.ength-7; |K |
switch(lf
ease 0:
cas© 10

C3se 11
break;



default:
SetPointFrom(timeSlice, w, 1, FROMNOWHERE);
SetPointType(tineslico, w, 1, OBJECT);

I SetAdjOb'jsInTimeSI Ice(times lice, w, 1);
break;
I
for(w-domainWidth-5, I=domainLenqth-V; w<domainWidth; w*+)

SetPointFrom(timeSlice, w, 1, FROMNOWHERE);
SetPointType(timeSlice, w, 1, OBJECT);
11 SetAdjObjsInTImeSlice(timeSllce, w, 1);

for(w»domainWtdth-10, I-domainLencith-2; w<domainwidth; w++)

SetPointFromlItimeSlice, w, 1, FROMNOWHERE);
SetPointTypo(timeSlice, w, i, OBJECT);
11 ISetAdjObjsInTimeSIice(timeSiice,w, 1);

void Domain::SetPointFrora(int timeSlice, int width, int length, int from)
POINT *tmp;

if ((width < 0)

I'l (length < 0)

Il (timeSlice < 0)

I| (width >= domainWidth)

Il (length >= domainLength)

Il (timeSlice >- domainTimeSlices))
return;

tmp - GetPoint(timeSlice, width, length);

tmp->from » from;

void Domain::SetPointTypel!int timeSlice, int width, int length, char type)

rhar oldType;
POINT *tmp;

f ((width < 0)

I (length < 0)

I (timeSlice < 0)

I (width >= domainWidth)
(length >= domainLength)
(timeSlice >- domainTimeSlices))

return;

tmp - GetPoint(timeSlice, width, length);

oldType - tmp->type;

tmp->type - type;

if (oldTIype !- OBJECT)

11 SetAdjObjsIinTimeSlice(timeSlice, width, length);

void Domain::SetStartFromFilo(char*fileName)

int w, 1;

char recType;
char tmp[2561;
fstream dataFile;

dataFile.open(fileName, ios::in);
if (idataFile)

cout <« "Unable to open * << fileName « No Start added.\n";
for(;;)
dataFile. yetline(tmp, 3izeof(tmp));
if (strien(tmp) — 0)
break;
If (tmprOI START)
11 cout « "The START line Is: " « tmp « "\n";

if (sscanfltmp, "%c»d»d", irecType, <w, «1) «*» 3)

SetPolritFrom(domainTImeS lices-1, w, 1, FROM NOWHERE) ;
SetPointType (domainTimeSHces-1, w, 1, START);
break;



el3e
|

dataFile.closed ;

cout « “"Improperly formatted line ignored\n";

void Domain::SetVerticesInTimeSlice(int t)
|
int w, 1;
Int diff_counter, cornercounter;
int sidebits, corner_bits;

for(w»0; w<domainWidth; w++)
|
for(1=0; KdomalnLength; 1++)
|
if (!IsPointClear(t, w, 1))
continue;

cornerbits - BITMASKCLEAR,;

cornercounter - O0;

if (IsPointNearObject(t, w-1, 1-1))
|
cornerbits |- BITMASK LEFT;
corner_bits |- BITMASKJTOP;
corner counter *+;

if (I3PointNearObject(t, w-1, 1H))

corner_bits |- BITMASK_LEFT;
cornerbits |- BITMASKBOTTOM;
corner_counter++;

if (IsPointNearObjecttt, w+1, 1+1))

corner bits |- BITMASKRIGHT;
corner_bits |- BITMASKBOTTOM,;
corner counter++;

if (IsPointNearObject(t, w+l, 1-1))
|
corner_bits |- BITMASKRIGHT;
cornerbits |- BITMASK_TOP;
corner_counter++;

if (corner_bits !- BITMASKCLEAR)
1
side_bits = BITMASK_CLEAR;
if (IsPointNearObject(t, w-1, 1))

sidebits I- PITMASKLEFT;
If (IsPointNearObject(t, w, 1-1))
side_bits I- BITMASK_TOP;
if (IsPointNearObject(t, w+l, 1))
side bits I- RITMASK_RIGHT;
if (IsPointNearObject(t, w, 1+1)>
side bit3 |- BITMASK BOTTOM;

tor(diff_counter-0;
(side bits !> BITMASK CLEAR)
Il (corner bits !- BITMASK CLEAR);
side bits »* 1, corner bits » - 1)

if ((cornerbits « (int)0Ox0l)

<< T(side bTta * (int)Ox0l) - (cornerbits « (int)Ox01)))
|
dlif_counter++;
continue;

if ((side bits £ (Int)ox01) _
m ((si?e bits 4 (int)Ox01l) !* (cornerbits 1 (int)0x01)))

diff_counter++;
cont.i nue;

if ((diffcounter > 2)

Il ((dif(counter — 2) i< (corner_counter — 1)))
|
SetPolntFromit, w, |, FROM NOWHERE) ;
SletPoinIType(t, w, |, VERTEX);
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1

H edge.hpp
(define DEBUGFILENAME "DEBUG.LOG"

typedef struct van

int t,w,l;

float dist;

3truct van *prev, ’next;
| EDGE_NODE;

class EdgeList

|
public:
EdgelListO;
~EdgelList() ;
EDGENODE* BuildNewEdge(int, int, int, float);
void DelAllEdges(void);
void |>1Edge(EDGE NODE¥*);
void DelEdgeToVertex(int, int, int);
EDGE_NODE* GetFirstEdge(void);
EDGENODE* GetNextEdge(EDGE_NODE*) ;
void InsertNewEdgs(EDGENODE?®);
void ListAllEdgeslInt);
private:
EDGENODE *edgeHead;

Il edge.cpp

(include <lostream.h>
(include <fstream.h>
einclude <stdio.h>
(include <conio.h>

einclude <allcc.h> // tor coreleft!)
(include <stdlib.h> Il £or itoal)
Sinclude «string.h> // for strcpyl)

einclude "edge.hpp"

EdgeLisIt: :EdgeList()

edgeHead - (EDGENODE*)NULL;
1 cout « "EdgeList Construotor\n";

EdaeLisIt::—EdgeListO

while (edgeHead 1- (EDGE NODE*) NULL)
PelEdge(edgeHead);
I cout « "EdgeList De3tructor\n";

EDGE_NODE* EdgelList::BuildNewEdge[int t, int w, int 1, float dlst)
EDGENODE *a;
11 if (otherVertex !- (voidMNULL)
// a - (EDGE NODE*)farcallocjl, sieoi (EDGE NoHE)) ;
it (a —1 (EDGE_NODE*)NULL)
oout « "Out of Memory in BuildNewEdge!)\n";

getchO : eixl {O):

'
-

{*a).diat - dist;
(*aj.prev - (‘aj.ncixt - (EDGE_NODE*)NUJ,L;
return(a);

€3>

return! (EDGEJJODE*) NULL);

void EdIgeList::DeIA!IEdges()

EDGE NODE*a;
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forfa - GetFir3tEdge();
a !- (EDGENODE*)NULL;
al m GetFirstEdqeO )

DelEdqge(a);
|

void EdlgeList: :DelEdge(EDGE_NODE*a)

EDGENODE*t.mp;

11 cout « “"edge 0\n”;
If (a !" (EDGE_NQDE*)HULL)
if ((a->prev — (EDGENODE*!NULL) // del last remaining edge
it (a—snlext —  (EI>GE_NODE+) NULL))
I cout« "edge I\n";
free(a);
edgeHaad - (EDGENODE*)NULL;
return;
if (fa->prev 1- (EDGE NODE*)NULL) Il del edge in middle
it (a->next i- (EDGE NODE*)NULL))

I cout« "edge 2\n";
tmp - a->prev;
tmp->next - a->next;
tmp - a->ftext)
tmp->prev m a->prev;
free(a);
return;

if ((a->prev — (EDGE_NODE*)NULL) 1l del edge at sol
it (a->next 1- (EDGE NODE»)NULL))

I cout<< "edge 3\n";
tmp ®m a->next;
tmp->prev - (EDGE NODE*) NULL;
edgoUead - tmp;

free(a);
return;
if ((a->prev 1- (EDGE NODE*)NULL) Il del edge at eol
it (a->next -- (EDGE_KODE*}NULL)J
11 cout« "edge 4\n";

tmp « a->prev;

fctop~>next - (EDGE NODE*)NULL;
free(a);

return;

void EdlgeLIst::DeIEdquoVertex(int t, inc. w, Int 1)
EDGE_NODE*tmp;
forltmp - GetFirstEdge(); imp !- (EDGE NODE*)NULL; tmp - GetNextEdqge(tmp))
if ((tmp->t -- 1t)
st (tmp->w — w)
<t (tmp-—>1 — I?)

F;aIEdge(tm p);
break;

EDGE NOIIZ)E* EdgeList: :GetFii9tEdge()
rfturn(edquead);

EDGE NODE* EdqeLi31::GetNextEdge(EDGE NODE*cur)
r

return(cur->next);
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void EdieLiat::InsertNewEdgetEDGE NODE ‘'‘edge)

EDGE_NODE*cur;

if (edge — (EDGENODE*)NULL)
return;

if (edgTHead - (EDGE NODE*)NULL)
edgeHead - edge;
edqge->prev - edge->next

// cout « "Inserted edge into empty list ";
/7 cout « " ' « o0o(kie->t « « wdgo->w << « edge->1 << 7).
H cout « "Dist - " « edge->dist « "\n";
return;
tor(cur-edgeHead; cur !- (EDGE NODE*)NULL; cur-(*cur).next)
if ((edge-?t > cur->t)
Il ((edge->t m=* cur->l)
4S (edge->w > cur->w))
11 ((edge->t — cur~>t)
it (edge->w “ our->w)
Si  (edge->1 > cur->1)) )
1 // insert after cur
if (cur->next -- (EDGE_NODE*)NULL)
1
edge—>next = (EDGE NODE*(NULL;// no more so append to eol
edge->prev - cur;
cur->next - edge;
break;
1
else
| continue; // try next one
if ( (edge->t < cur->t)
1l {(edge->t “ cur->t)
Si (edge->w < cur->w))
1* 11 ((edge->t < cur->t)V
Il ((edge->t - cur->t)
i-i (edge->w — cur->w)
is (edge->i < cur->1)> )
1 Ii insert before cur
if (cur->prev — (EBSENODE*)NULL)
edge-*prev - (EDGENODE*)NULL; Il at start of list
edge->next » cur;
cur->ptev - edge;
edgeHead < edge;
break;
1
else
edge->prev « cur->prov; Il in middle/Zend of list
edge->next - cur;
cur->prev - edge;
cur = edge-sprev;
cur->oext « edge
break;
I 1
if ( jedge->t cur->t)
it (edae->w — cur->w)
its (edae->i cur-?21) )
1
I' already here - replace it 1 V
/* cout « "Already here - replacing values and disposing of new edqge
cout « “ (7 « edge->t « « edde->w « « edge->1 « ).
cout « "Dist - ” « edge->diot « "\n";

cur->w - edge->w;

<:tir->1 * edge->1;
cur->dist
1 cout << " Already he
cout «
free(edge);
break;
1
i cout. << "lInserted edge into list
it cout << (¢ = edge-H « '/~

<< edge->Ww «

(EDGENODE*)NULL;

edge->disl;*/

re - ignoring..An”;

« edge->1 << ") .
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// cout « "Dist - " « edge->di3t « "\n"

void EdlgeList::ListAIIEdqes(int debugFlag)

char tmp|256);
fstream debugFile;
EDGENODE ‘edge;

strcpy(tmp, "List of all edges in list\n") ;
cout « tmp;
if (debngFIag)

debugFi le.open(DEBUG_FILF.NAME, los: :app) ;
debugFile.write(tmp, strlen(tmp));
debugFile.closed ;

for(edgeI » edgeHead; edge !"™ (F.DGE_NODF.*) NULL; edge = (*edge) .next)

sprintf(tmp, "Edge to (td,%d,ld). Dist is *fin",

(*edge).t, ('edge).w, (*edge).l, (*edge).di3t);
cout « tmp;
if (debngFIag)

debugFile.open (DEBUGFILENAME, ios: :app) ;
debugFile.write(tmp, strlen(tmp));
dlebugFiIe.cIosed;

t
strepyftmp, Moo \n") ;
cout « tmp;
if (debquFIag)

debugFile.open(DEBUG_FILENAME, los::app);
debugFile.writeftmp, strlen(tmp));
debugFile.closed ;

Il object.hpp
edefine FALSE 0
edefine TRUE {FALSE

define GOAL 'G*

edefine START 'S’

edefine OBJECT 'X'
edefine ADJ_TO_OBJECT 'x'
edefine MOBILEOBJF.CT 'M'
edefine CLEAR ’.'

edefine VERTEX 'V'

edefine NUMDIRS 7 I' this is the 8 horizontal directions; (0—7) «m
enum directions ( front, back, left, right, frontright, frontleft, backright, backleft, up, down,

Iypedeflstruct s}

int direction, velocity;

int w, 1;
struct o ‘prev, ‘next;
| OBJEGSC NODE;

class ObjectlIst -

public:

ObjectListd ;

*ObjectL13t() ;

OBJECT_NODE* BuildNewOb)ect(int, int) ;
void DelAl110bject3(void);
void DoiObjeccfOBJF.CT NODE¥) ;
OBJECTNODE* GetNextObject(void);

- void InsertNewObiect (OBJECTNODE®) ;

void ListAllObiects(void);
private:

OBJECT NODE *objectHead;

Il object.cpp

eInclude ciostream.h>

einclude <alloc.h> Il for coreleftd
einclude <stdllb.h> Il for itoad
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«include «string.h> // for strcpyO
*include <conio.h>

// «include "edge.hpp™

«include "object.hpp™

ObjectList::ObjectList O

objectHead - (OBJECT_NODE*)NULL;
cout « "ObjectList Constructor”";

ObjectList::'ObjectListo

cout « "ObjectList DestructorSn";
DelAllObjectsU ;

OBJEC'I;L\IIODE- ObjectList::ButldNewObject(int w, Int 1)
OBJECTNODE -newPtr;

newPtr - (OBJECTNODE') fareal lac(1l, sizeof(OBJECT_NODE));
if (newIPtr — (OBJECTNODE»)NULL)

cout « "Out of memory in BuildNewObjectO \n";

getch();
rleturn(NULL);

(‘newPtr) .direction - rand() | NUMDIRS;

(»newPtr).velocity « 1;
(‘newPtr).prev = (‘newPtr).next - (OBJECT_MODE")NULL;

(‘newPtr).w « w;
(enewPtr).1-1;
return(newPtr):

void Ob(iectList::DeIAIIObjects()
OBJECT NODE »tmp;

while (objectHead !- (OBJECT_NODE*NULL)

tmp ” objectHead;
objectHead = (‘objectHead) .next;
?elobject(tmp):

void ObjectList::DelObject(OBJECT NODE ~iodic)

OBJECTNODE “cur;

if ((ctodie) .prev !- (OBJECT NODE*) NULL)
tf (Ctodie) .next !- (OBJECT_NODE*)NULL) 1
./ cout «. "Deleted Object (" « todie--w « « todie->1 « “I\n";
cur=(*todie).prev;
if (cur »* todie)

objectHead - (OBJECTNODE*)NULL;

// cout « "Object List Empty\n”;
free(todie);
return;
else

(*cur).next-(“todie).next;
«:uC - (“todie).next;
("cur).prev » (*todie).prev;
il (objecMlead todie)
objectHead - (*todie).next;
freejtodie);
return; I
|

cout << *"* “Dili NOT delete rott.cn object (" « iodie->w « « todie->1 «
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OBJFiCTNODE* ObjectLiat::GetNextObject()
OBJECT_NODE* tmp;

if (ObjectHead — (OBJECT NODE*NULL)
return!(OBJECT_NODE* )NULL) ;

tap - objectHead;

objectHead - objectHead->next;
return(trap);

void ObjectLiat::in3ertNevObject(OBJECT_MODE‘newPtr)

OBJECT_NODE *cur;

if (newPtr — (OBJECT MODE*) NUM.)
return;
if (objelctHead — (OBJECT_NODE* ) NULL)
objectHead - newPtr;
i‘neWPtr).prev - (‘newPtr).next « newPtr;
elae
/* inaert before fir3t node */
cur mobjectHead;
(enewPtr).next - cur;
(“newPtr).prev » (*cur).prev;
(‘cur).prev - newPtr;
cur “ (‘newPtr).prev;
(‘cur).next - newPtr;
| objectHead » newPtr;
11 cout « "Inserted object (" « newPtr->w « « newptr->i «

void ObljectLiat::LiatAllObjects()
OBJECT_NODE-trap;
if iobjectHead — (OBJECTNODE’)NULL)

cout « "ObjectLiat is empty\n”;
return;

forltrop-objectHead;;tmp - tmp->next)
cout « "Object: (* « tmp-Jw « "," « tmp->I « ")\n";
tmp - tmp-xiextj
if itmp =» objectHead)

cout « "ObjectList endadVn";
blreak;

1
I

m/ vertex.hpp
«define FALSE 0
jidefine TRUE jFALSE

edefine GOAL ’'G*

(define START 's®

edefine OBJECT X’
¢(define AD.1_TO_OBJECT ’x1
edefine MOBILE OBJECT 'M’
¢define CLEAR T.1

edefine VERTEX 'V'

edefine BITMASK TOP (int)OxOB
edefine BITMASK LEFT (jnt)Ox(M
«define BITMASK BOTTOM (int)0x02
edefine BITMASK‘RIGHT (ini.)OxOl
edetine BITMASK CLEAR (inf)0x00

B -261

")\n*";



»define DEBUG_Fri.ENAME "DEBUG. LOG"

t:ypedef struct vn

int t,w,I|;

char nodeType;

struct vn ‘searchPrev, ‘searchNext;
float searchDist;

int searchMarker;

EdgeList *edgelList;

struct vn "pathFrom, ‘pathTo;
struct vn ‘prev, "next;

| VERTEX NODE;

class VertexList

/1

public:
VertexList();
-VertexList();
void AddToSearchList(VERTEX NODE*);

VERTEX_NODE* BulldNewVertex(int,IntTint.char);
int CalcRobotDIr(VERTEX_NODF.*) ;
void DelAllVertlces(void);

void DelVertex(VERTEX_NODE¥*);

int FindPath(void);

VERTEX_NODE* FindVertex(int, int, int) ;
VERTEXNODE* GetFirstVertex (void);
VERTEX~NODE* GetGoalVertex(void);
VERTEXNODE* GetNextVertex (VERTEX NODE¥*);
int GetSearchMarker(void);

VERTEXNODE* GetStartVertex(void);

void InsertAllVertices(void);
void InsertMewVertex(VERTEXNODE*);
void ListAllVerticeslint);

void ListSearchLIstdnt);
void MoveRobot(int, int, int, Int);
void MarkPath(VERTEXJIODE®) ;
void RerooveFromSearchLI3t(VERTEX_NODE*);

void RemoveVertexVERTEXNODK¥*) ;
void TrimSearchList(void) ;

private:
VERTEX NODE* vertexHead;

VERTEXNODE* searchHead;

int searchMarker;

float searchTrimDiat;

Il vertex.cpp
«include <iostream.h>
»include <fstream.h>
¢include <3tdio.h>

»Include <conio.h> /1 for getcho
»include <alloc.h> /1 for coreleft()
«include <stdlib.h> /1 for ltoa()
«include <string.h> /1 for strcpyO

«include "edge.hpp"
«include "vertex.hpp"

VertexList::VertexList()

vortexltead - (VERTEX NOPE*) NULL;

searchHead = (VERTF.X_NODE*) HULL;
searchMarker « 0;

»mjearchTriinDist -1.0;

eout « "Initialised Vortex classW ;

VertexList::-VertexList()

cour. « "VertexList destructor startod\n";
DelAllVerticesl);

cout « "VortexList destructor ended!\n";
J

void VertexLi3t::AddToSearchList(VERTEX NODE*a)

VERTEX NODE '(.mp;

I (a (VERTEX NODE*)NULL)
return;
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If
1

1-
1-

it already
list,

(VERTEX NODE*)NULL) //

(((*a).searchPrev
( (VERTEX NODE*) NULL)) //

((*a).searchNext
return;

if (searchHead — <VERTEX_NODE*)NULL)

searchHead

a->pathFrom -

a->searchPrev

- a;
a-opath'l'o0 - (VERTEX MODE*) NULL;
- a->searchNext - a;

list (";

a->1

<<"Inserted
<<a->t "t

cout
cout

into empty search

« « a->W « "o« « ")\n";

else

a->searchNext ¢ searchHead;
a->searchPrev sonrchHead->searchPrev;
searchHead->searchPrev m a;
imp - a->searchPrev;
tmp->searchNext = a;
searchHead - a;
cout "Appended to search list (";
cout a->t « « a->w « """ o«

«

«

a->1 ")\n";

«

VERTEXJ\IIODE* VertexList::BuildNewVertex(int t, int w, int 1, char

VERTEX_NODE enewPtr;

newPtr- (VERTEX_NODE*)farcailoc(l, siseof(VF.RTEX_NODE));
if (newPtr -« (VERTEX_NODE*)NULL)

cout << "FarcallocO failed in BuildNewVertex!Vn";
getch();

exit(0);

I
(*newPtr).t t;
(*newPtr).w —w;
(enewPtr).1 » 1;
("newPtr).nodeType m nodeType;
(*newPtr) .edaeL13t - new EdqgelLIstO;
(enewPtr).pathTo » (enewPtr).pathFrom
(«newPtr).searchDist - 0.0;
(snewPtr) .searchPrev (‘newPtr).searchf.'ext
(snewPtr).prev (‘newPtr).next - (VERTEX NODE*)NULL;
if (nodeIType — START)

(VERTEX NODE*)NULL;

(‘newPtr).searchMarker - searchKarker+l;

AlddToSearchList(nothr);

else
(‘newPtr).searchMarker - searchMarker;

return(newPtr);

void VertexLi3t::DeiAllVertices0

while (vertexKead [= (VERTEXNODE*)NULL)

I cout "About to delete (" « v?rtexHead->t «
11 cout < « vertexHead->| << at addr: " « vnr
1 cout « Prev:" « vertexllead-'prev « Next:" «
Deivertex(vertexHead);
COUt « M emmmmmmmmeeeeeee \n";
11 gletch 0;

void VertexList::DelVertex(VERTEX NODE ‘todie)

VERTEX NODE *rmp;

EDGE_NODE* a;

it (Lodie
return;

(VERTEX NODE*)NULL)

todie->*?<taeLl3t-"Get F:rnl._EdgeQ ;
|- (EDGE NODE*) NULL;

tor(a 7
1
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(VERTEX NODE*)NULL;
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a » todie-:>edgeLI3t->GetFIr3tEdoe())
todie->edgeList->DelEdgeToVertex(a->t, a->w, a->1);
tmp - FindVertex(a->t, a->w, a->1);
If itmp 1“ (VERTEX_NODE*J NULL)
t.mp->edgelList->DelEdgeToVertex (todie->t, todie->w, todie->1) ;

tmp - (VERTEXNODE*)(a->otherVertex);

cout « "On vertex (“ « todie->t « "," « todie->w «

cout « todie->1 « "):Del edge to (" « tmp->t « « tmp->w «
cout « tmp->1 « ")\n";

cout « "todie at:" « todie « ". aat:" « a « "\n";

cout « " tmp at:" « tmp << "\n";
todie->edgeLi3t->DelEdgeToVertex((void*)tmp);

cout « "On vertex (" « r.mp->t « « tmp->w «

cout « tmp->1 « "):Del edge to ("« todie->t « "," << todie->w «
cout « todie->1 « ")\n";

tlmp->edgeLi3t->DeIEdqu0V’ertex ((void*) todie);

delete todle->edgelList;
RemoveFromSearchList(todie);

if ( ((‘todie) .prev — (VERTEX_NODE*)NULL)
(6 ((*ttidie).next — (VERTEX NODE*)MULL) )

vertexHead - (VERTEX_NODE*)NULL;
free(todie);
return;

if ( ((‘todie).prev !- (VERTEXNODE*)NULL)
St ((»todie).next !« (VERTEXNODE*)NULL) )

tmp = (*todie).prev;
(*tmp).next - Ctodie) .next;
tmp - (*todie).next;
(*tmp).prev m Ctodie) .prev;
free(todie);

return:
if ( (Ctodie) .prev — (VERTEX NODE*NULL)
Si (Ctoldie) .next !- (VERTF.X_NODE*NULL) )

vertexHead - tmp = Ctodie) .next;
Ctmpl.prev - (VERTEX_NODE*)NULL;
free(todie);

return;
if ( ((‘todie).prev !- (VERTEX NODE*)NULL)
ss (Ctoldie) .next — (VERTEX NODE*) NULL) )

tmp « Ctodie) .prey;

(*tmp).next » (VERTEX NODE*(NULL;
tree(todie);

return;

int IVertexl.ist:: FindFath ()

EDGE NODE *e;

Int noalFounri-FALSF.;

float rii3t;

VERTEX NODE ‘cur, *adi, *tt, '12;

if (searchHead->nodeType " START)
searchMarker “ searchHead->:ieaicliMarker;

else
return(FALSE);
tl - GetStartVertoxO ;
t2 - GetGoalVertex!);
it ((tl 1- (VERTEX NODE*) NUM.)
Si (12 1- (VERTEX ioDEM NULL)
Si (r.l->w t.2-»w)
st — t.*->D)
rl->pat.hTo - t2;
return ITRUE) ;
I
for (curI - searchHead; cut !- (VEKTEX_NODE*)NULL: cur - searchHead)
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if ((cur-'viearchnist >- aoarcliTrImDist)
it (searlchTrimDist > 0.0))

RemoveFromSearchUst (cur) ;
continue;

CoiMe * eue->edgeHst->GetFirstEdqel) ;
< != (EDGE NO(IF.*) NULL;
e = cur->edgeList->GetNextEdqge(e))

adj - FindVertex(e->t, e->w, e->1);
if (adj — (VERTEX_NODE*)NULL)
continue;
ft sdj - (VERTEX_NODF.*) e-iotherVertex;
dist - ciir->searchDiot + *?->di3t;
if ( (adi->searchMarker !- searchMarker)
Il ((ad'j->searchMarker -- searchMarksr)

ils (ad}-?searchDist > dist)) )

if ((diat <- searchTrimDist)
I (searchTrimDist o 0.0))

adi->pathFrom - curi

adj->searehMarkar * searchMarker;

ad}->searchDist - dist;

AddToSearchList(adj);

if (adj—|>nodeType “  GOAL)
gOaLFound - TRUE;
searchTrimDist « dist;

MarkPath(adj);
TrimBearchList () ;

RefitoveFromSearchList(cur) ;

return (goalFound) ;

VER'II'EX_NODE* VertexLi3t::FindVertex(int t, int w, int 1)
VERTEX_NODE* cur;
Lor (cur = GetFirstVertexO ;

ftir !'- (VERTEX. MODE*INULL;
cur - GetNextVartex(cur))

if ((ciir->t - ©)
Hi (cur->w = w)
ii (cur-M =- 1))
returnjcur); /1 found it

(I ((clir->t *e t)
(S (cur->w >= w)
is (cur->1 >= 1))
break; ft passed it - It's not in the list

rleturn)(VERTEX NODE*)NULL);

VEFE‘_I’EX NODE* VectexLi.iL: :t;eLFirsLVer Lex ()
|

return(vertexHead);

VERTEX NODE* VertexList::GetGoalVertex()
VERTEX, NODE* t:mp;
lar (tmp - GetFir-stVortox () ;
tmp 1- (VERTEX NODE*)NULL:
tmp - GelNextvertcx(tmp))

if (tmp-MiodeType = GOAl)
break;

>tum (tmp) ;
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VERTEX__NODE* VertexList::GetNextVertex(VERTEX_NODE*cur)

return(cur->next);

int VertexList;:GetSearchMarker{)

return(searchMarker);

VERTEX_I\IIODE* VertexList::GetstartVertex()
VERTEXANODE+1mp;
for(tmp = GetFirstVertex();
tmp != (VERTEX_NODE*)NULL;
tmp = GetNextVertex {tmp))

i (tmp->nodeType == START)
break;

return(tmp) ;

void VertexList::InsertNewVertex(VERTEX_NODE*a)

VERTEXNODE «cur;

if (a == (VERTEX_NODE*)NULL)
return;
if (vertexHead == (VERTEX_NODE*)NULL)

vertexHead = a;

(*a).prev = (*a).next = (VERTEX_NODE*)NULL;

return;

for(cur=vertexHead; cur != (VERTEX_NODE*)NULL;

|
if ( (a->t > cur->t)
Il ((a->t == cur->t)
Sfi (a->w > cur->w))
Il ((a->t == cur->t)

&& (a->w == cur->w)

s& (a->1 > cur->1)) )
|

if ((-cur) .next =* (VERTEX_NODE*) NULL)

(*a).next =
(*a).prev =
(+cur).next
break;

\

continue;

else

if (:a->t < cur->t)

11 i(a->t == cur->t)
(a-mew < cur->w))

11 i(a->t == cur->t)
& (a-ww == CUr->w)
A&

(*c
cur;

a->1 < cur->1)) )

Il eol

Il get

| insert
if (cuir->muev == (VERTEX_NODE*)NULL)

a->prev = (VERTEX_NODE*)NULL;// at

a->next = cur;
cur->prev = a;

vertexHead = a;

break;

else

a->prev = cur-pprev;
a->next = cur;
cur->prev = a;
cur = a->prev;

if

in

curifcur).next)

insert after cur

next node

before cur

start of list

middle/end of

append new node

list



cur->next - a;

break;
I
1
if (<a->t «« cur->t)
is (a->w — cur->w)
a (a->I — cur->1)>
( Il Insert after cur at eol
If ((‘CLir).next — !'VERTEXNODE*)NULL)
(ea).next- (VERTEX_NODF.*)NULL;
I*a).prev - cur;
(mecur) .next - a;
break;
I
else
continue;
|
11 AddToSearchList(a);
11 cout « "Inserted vertex (”;
// cout « (Fa).t « ", << (*a).w « « a)-1 «  "™\n";

void VertexList;:ListAllVertices(Int debugFlag)

char tmp[256t;
fstream debugFile;
VF.RTEXJIODE *cur;

strcpyltmp, "“List of all nodes In list\n");
cout « tmp;
If (debtigFIaa)

debugFlle.open(DEBUG FILENAME, ios::app);
debugFlle.writeitmp, strlen(tmp));
dlebug File.close();

for (eur-vertexHead; cur !- (VFRTEX..'ODE*)NULL; cur-cur->next)

sprintf(tmp, "Vertex;ec: at (»d,%d,%d)\n",

(‘cur) .nodeType, (*cur).t, !‘cur).w, Cecurl.l)!
cout « tmp;
If (debligFIag)

debugFlle.open(DEBUG FILENAME, ios::app);
debugFlle.writeitmp, strlen(tmp));
1ebugFIIe.cIose!);

clur->edaeLIst->Li3tAII Edges (debugFlaa) ;

void VertexList::LIstSearchLIst(int debugFlag)

Char tmp(256i;
fstream debuaFlle;
VERTEX_NODE*cur;

if (searlchHead — (VERTF.X NODE*) NULL)

sprinti (tmp, "Empty Searchl.ist! (marfcer-Sd)hii*, searchMarker);
cout « tmp;
if (debngFIag)

debuaFile.open(DEBUG FILENAME, ios: :app) ;
debugfile.wrltettmp, strien(tmp));
debuaFile.close!);

return;
sprintf(tmp, "LI3t of nodes in Search list: (marker-id) \n", searchMarker);
COUt « tmp;
1 (debngFIag)
debuaFile.open(DEBUG FILENAME, ios;:app);
dobuaFile.write(tmp, strlen(tiap) 1;
dlebugFIIe.cIose!);

cur - searchHead;
do
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|
sprintfttmp, "SearchLiat nod® (td,%d,%d) DIst - if",

cur->t, cur->w, cur->I, cur->searchDist);
cout « tmp;
te (debngFIag)

debugFlle.open (DEBUGFILENAME, ios: :3pp) ;
debugFlle.write(tmp, strlen(tmp));
1ebugFiIe.closed;

cut»cur->searchN'oxt:

while (cut !» searchHead);
strcpy(tmp, "End of SearchList\n") ;
cout << tmp;

if (debugFlag)

debugFile.open(DEBUG_FILENAME, ios::app);
debuqFile.wrile(tmp, strlen(tmp));
dlebug Fl le,c lose();

void VertexList::MarkPath(VERTEX_NODE*v)

VERTEX_NODE*tmp;

if (v — (VERTEXJIODEMNULL)
return;

11 cout « "Path from Goal to start\n";
v->pathTo - (VERTEX NODF.*) NULL;
do
|
tmp - v->pathFrom;
1/ cout « « Vv->t « «  V-SW o« « v->1 « ")\n";
iX (tmpli- (VERTEXNODE-® JNULL)

fnp->pathTo - v;
v - v->pathfrom;

while (tmp !- (VERTEX_NODE*NULL) ;

void VertexList: :RentoveFromSearchList (VERTEX :.'ODE‘a)

VEP.TEX NODE -our;

Lf ((a->SearchPrev — (VERTEX NODE*) NULL)
Il (a->searchNext — (VERTEX NODE*)NULL))
if (searchHead — a)

SearchHead “ (VERTEX_NODE*) NULL;
return:

cur“a->searchFrev;
IT (cur -- a)

|
searchHead - {VERTEX NODE*)NULL;
11 cout v' "Removed Search Node (";
Il cout « a->t *a "« a>w o« ", " << -3->] << "), jearchList emptyNn";

else
1
cur->searchNext = a-?searchNext;
cur - a->scarcnNext;
cut->searchPrev = a->iiearchPinv;

If (searchHead == a)
searchlload "m ,i->seatchNextj
11 oout <<. "Removed Search Node i";
11 cout << a->t « " a->W « "< a->1 o« ").An";

1
>->searchPrev o .i-“iiearchNext (VERTEX NODE* | NULL;

void VertexList::RemDveverr.ex(VERTEX HOME *i;ndle)

VERTEX NODE «imp;
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if (todie — (VERTEX_NODEs)NULL)
return;

RemoveFromSearchList(todie);

If ( ((‘todie) .prev — (VERTEX_NODE«> NULL)
& {ftoiiie) .next — (VERTEXNODE*) NULL) )

vertexHead - (VERTEXNODE*)NULL;
return;

it ( ((*todie).prev (VERTEX NODE*) NULL)
(i (ftodie) .next i- (VERTEX NODE*)NULL) )

tmp = f*toctle) «prev;
(*tmp).next m (*todie).next;
tmp * (etodie).next;
(stmp).prev - (*todie),prev;

return;
if { (ftodie) .prev — (VERTEX NODE*) NULL)
St (ftoiiie).next I= (VERTEX_NODE*)NULL) )

vertexHead = tmp m f todie) .next;
(*tmp)-prev - (VERTEX_NODE*) NULL;

return;
if ( ({»todie).prev i- (VERTEX_NODE*)NULL)
St (ftoilie) .next — (VERTEX NODE*)NULL) )
tmp - i*todie).prev;
f tmpj.next = (VERTEX NODE*)NULL;
return;

void VertexList::TrimSearchList()

/m/
I

cur

VERTEXNODE *cur, etmpPtr«(VERTEX NODE*)0;
Lnt trimmed=TRUE;

cout « "Trinvmina search list to * « searchTrimDist «

if ((searchHead — (VERTEXNODE*)NULL)
(searchTrimDist < 0.0))
return;

= searchHead;

while ({tmpPtr != cur) Il (trimmed == TRUE))

if (trimmed— TRUE)

tmpPtricur;
]1t irained« FALSE;

If {fcur).searchDist >* searchTrimDist)

cout « “Trimmed out (”;

cout « cnr->t « VL« CUI*>wW << w*« CUr->i «
cout « "Dist was M« cur~>seacchPi»it « "\n M

if (cur ” cur->searchNext)
|
RemoveFrornSearctiList (cur) ;

t\)]reak;

else

tmpPtr - cur->searchNext;
RemoveFromSeaxchList(cur);

cur e« tmpPtr?
trimmed = TRUE;

- cur->searchNext;

")

or

’

less\nn;

B.9. Partial Update Priority First Graph Theory
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The Partial Update Priority First Search Algorithm for Graph Theory which was developed and

implemented as part of this project was coded in ANSI C++. The filenames for each of the separate source

code files were supplied inside C++ format comments (i.e. //) at the beginning of each file listing. A

detailed explanation of the design behind this program was presented in Chapter 4.

/1 main.cpp

»include <!<>stream.h>

»include «fstream.h>

einclude <stdlo.h>

einclude <conio.h> n for
einclude <alloc.h> // for
einclude <stdllb.il> u for
einclude «string.li> n for
einclude <sys\timf?b.h>

eInclude «dir.h>

einclude «ctype.h>

eInclude "edge.hpp"

eInclude "vsrtex.hpp”

einclude "object.hpp”

eInclude "domain.hpp"

einclude "bench.hop”

geteh()

Itoai)
strcpyt)

edefine MAPFILEJWSK "MAP*. DAT"

int mainfint, char® )

coreleft(J

void BuLldUpdateListFromDomain(VertexListi, VertexLists, Domains);
void BuiidVertexListFromDomain(VertexListi, Domains);
void FIndAlIF.dges (VertexLists, Domains) ;
vold rindSdaesFo'cUpdateNode (VERTEX MODE*, VsrtexList*, VertexLIsti, Domains);
Int MemStatus(char*);
void MeigelLIsts(VertexLists, VertexLists, Domains);
Int SétWorkingDir(void);
void RenameMapFllefchar*);
Int train(int argc, char"* arav)
|
char* shortName;
struct jEblk mapflle;
ford;)
|
shortName - strsir (argvtO), "\\");
If (shortName ** (char*) NULL)
|
shortName - argv10);
coiit «< "This is " « shortName « "\n”;
break;
|
else
) argvtQ] - shortMame+l;
MemStatus("Free memory before mainloop in main:
if (ISetWorkingDir{})
|
cout « “"Proerram exiting gracefullyXn";
rfturn(l);
If (flndfirst(MAPFILE_MASK, (mapfileT~0))
|
cout «< "Program exiting gracefully - no map files foundNn";

return(1);
|
do

1
char tmp|256];
int 1;

Benchmark stopwatch (stiortUaroe) ;

upcitttt (tmp, “starting on Is:

MomStatusftmpl;

for (i-0; UNIMTIMES;
1
int timeTaken;
float d1stTravellod;

1f+)

:\>inain LtieWorlddO, 20,
updatel .ist;

VertoxLi .it vertl.I3t,

mapf lie. ff name) ;

?.0, niapflle. tC_name) i
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timeTaken = 0;

distTravelled - 0.0;

stopwatch.lterStartfi, mapfile.ffname);
stopwatch.elicit ();

BuildVertexListFromDomain (vertList, theWorld) ;
FindAllIEdges(vertList, theWorld) ;

for(;;)

int pathFoundFlag, goalFoundFlag, a, b, c;
float dist;
VERTEXNODE *tl;

stopWatch.Click();
theWorld.DrawDomain 0 ;
stopwatch.Click 0 ;

pathFoundFlag - vertList.FindPathO;
stopWatch.Cl1cliQ ;

if (pathFoundFlag — TRUE)

(LI

cout « “"Path foundto the GOAL!”;

ci)ut « "(dist-"« distTravelled « 7”)\n";
else

cout « "Ho path found to the GOAL!";

cout « "(dist-"« distTravelled « ”)\n";
tl - vertList.GetStartVertex();

if (pathFoundFlag)

L~

- tl->pathTo->t;
- tl->patnTo->w;
» tl->pathTo->1;

o o

“tl->w;
= tl—1;

| .
a- ()"

goalFoundFlag - theWorld.MoveRobot(tl->t, tl->w, tl->1,

distTravelled +¢ dist;
timeTaken++;
if (goaIIFoundFIag)

cout « "MADE IT TO THE GOALN\n";

break;

theWorld.AdvanceTimef);
stopwatch.Click();

BuildUpdateListFrotnDomainlvertList, updateList, theWorld) ;
I\I/IergeListS(vertList, updateList, theWorld);
stoDWatch.lterStopftimeTaken, distTravelled);

stopWatch.LogCales();
RenameMapFile(mapfile.ffname);

while (!tinanext (sroapfile));

MomStatus('T-.ee memory after mainioop in main: ") ;
return(0);

void BuildUpdatoListFrumuomain(VertexLisi ivList, Vertexl.i3t fuList, Domain sdomain)

char type;

int t"domain.uetDomainTimeSlices(), a;
int Wdomain.GetDomalnWidth(), b;

int 1-domain.GetDomainLength (), c;
VERTEX NODE-newPtr;

for(a-0; a".t; a>+)

for(b-0 ;I b<w; bt+)
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fOHOQ ccl; d 4
t

type - domain.GetPointType(a, b, c);
If ((type — VERTEX)

(1 (type -= START)

Il (type -= GOAL))

1
VERTEX_NQDE *tmpv, «trapu;

tmpv - vList.FindVertex(a, b, c);
ttnpu - uList.FindVectex(a, b, ©);
Li ((Itmpv)
(S (Itmpu))

newPtr -- uList.BuildNewVertex(a, b, c, type);
uList.InsertNewVertex(newPtr) ;

continue;

1

if ((tmpv 1- (VERTEX_NODEM NULL)
si (tmp\|/->nodeType I- type))

vList.RemoveVertex(tmpvl;
vList.DeiVertex(tmpv);

newPtr - uList.BuildNewVertexta, b, c, type);
«List. InsertNewVertex (newPtr) ;

continue;

1

t ((tmpu !- (VF.RTEX_NODE*)NULL)
1 (tmpu->nodeType I- type))

[

uliist;RemoveVertex (tmpu):
uList,DelVertex(tmpu);

newPtr - uList.BuildNevVertex(a, b, c, type);
uList,InsertNewVertex(newptr);

continue;

else
1
VERTEX NODE

v ~ vList.FindVertex(a, b, ci(
if (vI-(VERTEX NODE*) NULI,)

1

EDGE_NODE™e;

for(e - v-?ed<jeLi3t->GetFirstEdge() ;
e 1- (EDGE NODE*)NULL;
e - v->edgeList~>6e.tNextEdCle(e) )
1
VERTEXNODE* v2;

vi - vList. FipdVertexfe-x., e->w, a->1) ;
If (v2 !- (VERTEXNODE *)NULL)
1
vList.RemoveVertex(v2);
uList.InsertNewVertex(v2);
\/12->edgeList->DeIAIIEdges();

1
vList,DelVertex(v);
1
v - itListrFindVerLex (a, b, ¢);
if (v != (VEKTKXJJODE')NIILL)

1
riList:. DeiVertex (v) ;
1

/evoid BuiU!VertexLi3tKrranDomain(VertexList *vt,ist, Domain (domain)
Tt
char type;
int t’domain.ifetDomainTtme.Slices(), a;
int w-riomain.i'etUomainMIdth (), b;
int 1-rlomain.vietDom.-iinLenqgth(), c;
VERTEX NODE'newPtt;
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£or(a=0; ait; a++)
fortb-O;I b<w; b++)
for(c-0; c<lI; c++)

typo - ilomain.GetPointTypi? (a, b, c);
if ((type — VERTEX)

Il (type — START)

1 (typ(i— GOAL))

newPtr » vList.BuildHewVertex(a, b, ¢, type);
vList.lnaertNewVertex(newptr);

I*/

void BujldVertexLlatFromDomain (VertexList ivList, Domain (jdomain)

char type;

int t-tlomain.GetDomainTimeSlicesO, a;
int w-domain.GetDomainWidth t), b;

int I=domain.GetDomainLen<jth(), c;
VERTEX_NODE*newPtr, *gPtr, *sPtr;

lot (qPtr - sPtr - (VERTEXJIODE*)NULL, a-0; a<t; af+)
|
for(b—o;I b<w; b++)

for(c-0;, c<I/ c++)

type - domain.GetPolntType(a, b, c);
if ((type — VERTEX)

Il (typs — START)

1 (typel “  GOAL) T

newptr = vliist. BuildNewVertex (a, b, ¢, type);
vi.ist. lrise rCNewVertex (newptr);

if (type — GOAL)
gPtr - newptr;
if "(type — START)
sPtr - newPtr;

1
|
|
if ((gPtr |- (VERTEX NODE*)NULL)
is (sPtr !» (VERTEX_NOIE*)NULL))
|
3Ptr->searchDist - 0.0;

vList.AddToSearchLiat(sPtr);

void FindAllEdaoa(VertexList «vList, Domain idomain)

|

EDGE_NODE»e;
VERTEX NODE*>n,‘b;
float dist;

for(a - vList.GetFirstVertexO ;
3 1- (VERTEX NODE*)NULL;
a - vtiat.GetNextVortex(a))
|
forlb - vLIst.GetNextVi’Ltex(a) ;
b I- (VERTEX NODE*)NULL;
b - vList.GetNextVertex(b))

Uu (@- b
continue;

If ((a->t -- b->t)

it (a->w — fo—ivB

i Gl —h=D)
continue;

diat = domain.ChecltLine(a->t, a-"w, a->1, b->t, b->w, b->1I);
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If idist > 0.0)

e » a->edgeList->BuildNewEdge(b->
a|->edgeList->|nsertNewEdge(e);

dist - domain.CheckLine(b->t, b->w, b->I,
if (distI > 0.0)

e - I>->odgelList->BulldNewEdqge(a->t,

bl->edgeList->|nsertNewEdge(e);

void FinldEdgesForUpdateNode(VERTEX_NODE*cur, VertexList ivLIst

EDGE_NODE*e;
VERTEX NODE*a;
float dist;

for(a * vList.GetFirstVertexO ;
a !- (VERTEX NODE*)NULL;
a - vList.GetNextVertex(a))

if (a = cur)

continue;

if ((a->t — cur->t)

ii (a->w «- cur->w)

*« (a->1 — cur->1))
continue;

dist - domain.Chec):Line(a->t, a->w, a->lI,

cur->t, cur->w,
if idist > 0.0)

e “ a->edgeList->BuildNewEdge(cur->t, cur->w,

a|->edgeList->|nsertNewEdqe(e);

dist = domain.ChecltLine(cur->t, cur->w,

t, b->w, b->I, dist)J
a->t< a->w, a->1);
a->w, a->1, dist) ;

, VertexList iulList,
cur->1) ;

cur->1, dist);

cur->1, a->t, a->w, a->1);
if (distI > 0.0)
e - cur->edqgeList->BuiidNewEdqge{a->t, a->w, a->I, dist);
our->edgelList->InsertNewEdqge(e);
for(a - uList.GetFirstVertexO ;
a !- (VERTEX_NODE*)NULL;
a - uList.GetNextVertex(a))
if (a =* cur)
continue;
if ((a->t «— cur->t)
S< (a->w cur->w)
<< (a->1 — cur->1)J
continue;
dist = domain.ChecHLine(a->t, a->w, a->I, cur->t, cur->w, cur->1) |
if (dist > 0.0)I
e - a->f-dqeList->BuildNewEdae(cur->t, cur->w, cur->1, dist);
a|->edgeList->InsertHewEdge(e);
dist - domain.CheckLine(cur->t, cur->w, cur->1, a->t, a->w, a->1);
if (distI > 0.0)
e » cur->edqgeList->BuildNewEdge(a->t, a->w, a->1, dist);

| cur->edgelList->InsortNewEdge(e);

int MemStatus(char ‘StatusMessaqge)
char Imp12561;
fstream debuqFlle;
long Meml.oit;
int rot;

debugf'i le. open ("DEBUG. LOG", i»s::app) ;
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If (1debugFile)
cout « "Unable to open DEBUG.LOGNn";

MemLeft (long) coreleftD;
sprinti' (tmp, “tsfrldvn", StatusMessage, MemLeft);
debugFile.write(tmp, strien(tmp));
debugfile.close();

11 cout « StatusMessage « MemLeft « "\n”;

ret - farheapcheck () ;
if (ret — JIEAPOK)
cout « "Heap ok’l« StatusMessage « "\n";

else
cout « "Heap error <" « ret « ">" << StatusMessage« "\n";
getch()J
return(FALSE);

rleturn(TRUE);

void Hergel.ists(VertexList svList, VertexList «uList, Domain tdomain)

vertex_node* cuUT;
for (cur-uLi3t.GetFirstVertexO;
cur!-(VERTEXJIODE*) NULL;
cur-uList.GetFirstVertexO i
uList.RemoveVertex(cur);
FindfdgesForUpdateNode(cur, vList, uList, domain);
List.InsertNewVertex(cur)l

cur - vList.GetStartVertex 0>
if (curI!« (VERTEX NODE*)NULL)

cux->se3rchMarker - vList.GetSearchMarker() + 1;
vList.AddToSearchList(cur);

int Set\/l\lorkijigDirO
char mapdiri256);

cout «"Enter the directory containing map files, or \"q\” for quit:";

cin » mapdir;
if (toupper(raapdir|0]) — ’'Q%)
cout i< "Quitting.. An";
rleturn(FALSE);
if (chdlirfmaodir))
cout « "The directory * « mapdir « " could not be found.\n";
rleturn(FALSE);
cout « "Made ™ « mapdir « " the current directory.\n";
return(TRUE);
1

void HenameMapFlle(char*filename)

t
char n*wcCiiename (]ZJ),

char* ch;

int I-(int)*“.

strcpy(newt iiename, Tfilename);
<h - sturrchr (npwfilename, i) ;

If (Ch II (char*)NULL)

atrcpy (ch, "ebak");
renami?(1!lename, newfilename) ;

else

// bonch.hpp

oxit(1);
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«define FALSE 0
«define TRUE {FALSE
»define NUMTIMES 10
«define MAXFILENAME 13

class Benchmark

public:
Benchmark(char*);
-Benchmark 0 ;
void Click(void);
void IterStartUnt, char*);
void IterStoplint, float);
void LogCalcs(void);
private:
void Diff(struct timeb*, struct timeb*, struct timeb¥*);

fstream logFile;

fstream avgFiie;

char mapFileName IMAXFILENAME) ;

struct timeb benchmarks(NUMTIMES)(2];

float distRobotTravelled(NUMTIMES1;

int timeTaken(NUMTIMESI;

int currentlter;

int clickToggleFlag;

struct timeb elapsedTime, computeTime;

struct timeb startTime, clickOnTime, clickOffTime;

)

/1 bench,xpp
(include <iostream.h>
(include <fstream.h>
«include <stdio.h>

einclude <alloc.h> /1 for coreleft()
iinclude <stdlib.h> /1 for itoa()
«include <string.h> /1 for strcpy ()

«include <sys\timeb.h>
(include "bench.hpp"

Benchmark::Benchmark(char *fileName)

char *tmp;
char lognamelIMAXFILENAMEIL;

while((tmp - strchr(fileName, *\Ve)) !- (char*)NULL)
filename » tmp+1;
strcpy(logname, fileName);
If ((imp - strchr(logname, '.")) !" (char’JNULL)
strcpy (trap, ”.LOG");
else
strcat(logname, ".LOG");
logKile.open(Logname, ios::app);
if (ilogFile)
cout « "Unable to open " « logname « ”"\n";
if ((tmp - strchr(logname, '.')) !” (char )NULL)
strecpy(tmp, ".AVG");
else
strcat(logname, ".AVG");
avgFiie.open(logname, ios::app);
if (javgFiie)
cout « "Unable to open " « logname « "\n";

cout « "lInitialised Benchmark class\n";

Benchmark::~Benchmark()
if (Iogliile)

logFlle. flush () ;
logFtle.cl03e();

I f (avglliiie)

avgFiie.flush0 >
avgFiie.closed ;

cout « "Closed log files and Destroying Benchmark class\n";
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void Benchmark::Click()
witch (TlickToggleFlag)

case TRUE:
ftime(SclickOnTime);
clickToggleFlag - FALSE;
break;
case FALSE:
default:
ftime(«clickOffTime);
Diff(«clickOnTime, «clickOffTime, «computeTime);
clickToggleFlag » TRUE;

void Benchmark::Diff(struct timeb*start, struct timeb’stop, struct timeb’diff)
if ((*3top).millitm < (“start).millitm)

(estop).millitm e« (short)1000; /¢ carry when subtracting, stops»/
i-start).time +» 1L; /+ negative wraparound problems!*/

(ediff).millitm +- ("stop).millitm - (‘start).millitm;
(ediff).time +- (long)((*dIff).millitm / (short)1000);
(ediff).millitm \- (short)1000;

El:diff).time t- ((*stop).time-('start).time);

void Benchmark: : IterStartUnt i, char’s)

currentlter ¢ i;

clickToggleFlag - TRUE;

computeTime.time « elapsedTime.time * OL;
computeTime.millitm - elapsedTime.millitm - 0;

strcpy(mapFileName, s);

ftime(istartTime);

void Benchmark::IterStop(int t, float dlstTravelled)
struct timeb stopTime;

ftime(«stopTime);
Diff(«startTime, «stopTime, «elapsedTime);

benchmarks(currentlter|(0]|.time - elapsedTime.time;
benchmatks(currentite r|[01.mi 11litm - elapsedTime.mi 11litm;
benchmarks(currentlter)(1J.time * computeTime.time;
benchmarksjcurrentlterj[1J.millitm < computeTime.millitm;
timeTaken(currentlter) - t;
distRobotTravelled(currentlter) - distTravelled;

void Benchmark::LogCalcs()

char tmp|256];

float rivgDist;
struct timeb avg;
int i, avgTimeTaken;

for(i*0, avg.time-OL, avg.mlllitm-0, avgDist=»0.0, avgTimeTaken-O;
1<NUMTIMES;
1M)
t
sprinti(tmp, "%3 (%02d) Elapsed time:»051d.\03d\n", mapFileName, i,

benchmarks(i|(0).time, benchmarks(i)(01.millitm);

logFile.write(tmp, strlen(tmp));
r.printf (trap, "ts (%02d) Compute time:%051d.»03d\n", mapFileName, i,

benchmarks lil 111.time, benchmarks(i)(11.millitm);

logFile.write(tmp, strlen(tmp));

3printf(tmp, "Is (%02d) Dist travelled:tf\n", mapFileName, i,
distRobotTravellodli));

logFile.write(tmp, 3trlen(tmp));

eeiprintf(tmp, "ts (102d) Time Slices Taken:td\n", mapFileName, i,
timeTakenl11);
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logFile.write(tmp, strlen(tmp));
avg.time+=benchmarks[i][0].time;
avg.millitm+=benchmarkal[i][0].millitm;
if (avg.millitm % 1000 != avg.millitm)

avg.time += (long)(avg.millitm / (short)1000);
avg.millitm % (short)1000;

¥

sprinti(tmp, "%s Tot. Elapsed time:%051d.%03d\n", mapFileName, avg.time,
logFile.write(tmp, strlen(tmp));

cout « avg.time « « avg.millitm « "\n";

cout « tmp « "\n";

i = (int) (avg.time % (long)NUMTIMES);
avg.time /= (long)NUMTIMES;
avg.millitm +- i * 1000;

avg.millitm /= NUMTIMES;

sprinti(tmp, "%s Avg. Elapsed time:%051d.%03d\n", mapFileName, avg.time,
avgFiie.write(tmp, strlen(tmp));
sprinti(tmp, "%s Avg. Elapsed time:%051d.%03d\n", mapFileName, avg.time,
logFile.write(tmp, strlen(tmp));

for(i:O,I avg.time=0L, avg.millitm=0; i<NUMTIMES; i++)

avg.time+=benchmarks[i][1].time;
avg.millitm+=benchmarks[i][1].millitm;
if (avg,millitm % 1000 != avg.millitm)

avg.time += (long)(avg.millitm / (short)1000);
avg.millitm % (short) 1000;

sprintf(tmp, "%s Tot. Compute time:%051d.%03d\n", mapFileName, avg.time,
logFile.write(tmp, strlen(tmp));

i = (int) (avg.time % (long)NUMTIMES);

avg.time /= (long)NUMTIMES;

avg.millitm += i * 1000;

avg.millitm /- NUMTIMES;

sprinti(tmp, "%s Avg. Compute time:%051d.%03d\nM mapFileName, avg.time,
avgFile.write (tmp, strlen(tmp));

sprintf(tmp, "%s Avg, Compute time:%051d.%03d\n", mapFileName, avg.time,
logFile.write(tmp, strlen(tmp));

for(i=0, avgTimeTaken=0; i<NUMTIMES; i++)
avgTimeTaken+=tirneTaken[i];

avgTimeTaken = avgTimeTaken / NUMTIMES;

sprinti(tmp, "%s Avg. Time Taken:%d\nnf mapFileName, avgTimeTaken);

avgFiie.write(tmp, strlen(tmp));

logFile.write(tmp, strlen(tmp));

for(i=0, avgDist=0.0; i<NUMTIMES; i++)
avgDist += distRobotTravelled[i];
avgDist = avgDist / ((iloat)NUMTIMES);
sprinti(tmp, "%s Avg. Dist Travelled :%i\n", mapFileName, avgDist);
avgFiie.write(tmp, strlen(tmp));
logFile.write(tmp, strlen(tmp));

sprinti(tmp, "%s =====================\n", mapFileName);
avgFiie.write(tmp, strlen(tmp));
sprinti(tmp, "ls =====================\n", mapFileName);

logFile.write(tmp, strlen(tmp));

/1 domain.hpp

#define
#define

tfdefine
ifdefine
#define
#define
«define
fldefine
#define

~define
«define
fldefine
«define
Adefine

FALSE 0
TRUE !FALSE

GOAL 'G'

START 'S’

OBJECT 'X'
ADJJTOJDBJECT 'x'
MOBILEJDBJECT fM!
CLEAR '.*

VERTEX 'V1

BITMASK_TOP (int)0x00
BITMASK_LEFT (int)0x04

BITMASK~BOTTOM (int)0x02
BITMASK~RIGHT (int)0x01
BITMASK'cLEAR (int)0x00
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»define FROM FRONT 0
«define FROMJ3ACK 1
»define FROM_LEFT 2
«define FROMRIGHT 3
«define FROM_FRONTRIGHT 4
»define FROMFRONTLEFT 5
»define FROMBACKRIGHT 6
¢define FROMBACKLEFT 7
«define FROMJJP 8
»define FROMDOWN 9
»define FROMNCWHERE 10

«define NOCOST (float)0.0

»define NORMAL (float)1.0

»define NORMAL DIAG (float)1.414214
»define BLOCKED (float)1000.0

typedef Istruct

float dist;
int from;
char type;
float cost[91;
) POINT;

class Dogmain

public:
Domainfint, int, int, char*);
-Domain();
void AdvanceTime(void);
float CheckLine(int, int, int, int, int, int);
void DrawDomain(void);
int GetDomainLength(void) | return(domainLength); |
int GetDomainTimeSlices(void) ( return(domninTimeSlices); |
int GetDomainWidth(void) | return(domainWidth); |
POINT* GetPoint(int, int, int);
float GetPointCost(int, int, int, int);
char GetPointFromlint, int, int);
char GetPointType(int, int, int);
Int IsPointClearfint, int, int);
int IsPointGoaKint, int, int);
int IsPointNearObjectfint, int, int);
int IsPointObjectlint, int, int);
int IsPointStart(int, int, int);
int IsPointVertex(int, int, int);
int MoveRobotdnt, int, int, int, int, int, float*);
void SetPointFromlint, int, int, Int);
void SetPointType(int, int, int, char);
private:
void AgeTimeSiices(void);
int CalcRobotDirfint, int, int, int, int, int);
int ClearAdjPointOK(int, int, int);
void ClearMobileObjectlint, int, int);
void ClearVerticesInTimeSlice(int);
void DrawTimeSlice(int);
void InitTimeSlice(int);
void MarkMobileObject(int, int, int);
void MoveMobileObject (OBJECT_NODE?) ;
void MoveMobileObiects(void);
void SetAdjObjsinTimeSlice(int);
void SetGoalFromFiiefchar*);
void SetMobileObjsFtomFilelcharM ;
void SetPermObjsinTimeSlice(int);
void SetStartFromFile(char*);
void SetVerticesInTImeSlice(int);

ObjectList objl.i3t;
POINT” domainHead;
int domainWidth;
int domainLenath;
int domainTimeSlices;
[N

/1 domain.cpp
»include <iostream.h>
«include <fstream.n>

«include <alloc.h> /I Cor coreleft()
*include <stdio.h>

«include <stdlib.h> /1 for itoa()
minclude <string.h> /1 Cor strcpyO

«include <conio.h>
«include "object.hpp"
=include "domain.hpp”
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Domain:

Domain:

:0omain(int numTimeSlices, int width/ int length, char'mapFileName)
int i;

coul « "Contructing Domain class\n”;
domainTimeSlices - numTimeSlices;
domainWidth - width;

domainLength « length;

cout « "FreeHeap:" << farcoreleftO « "Vn";
cout « "Amount needed for one timeslice:";
cout « width*length*sizeof(POINT) « "\n";

domainHead - (POINT**)farcalloc(numTimeSlices, sizeof(POINT1*));
if (domilinHead — (POINT**)NULL)

cout « "Not enough memory to build model of world\n";
domainHead - (POINT***)NULL;

domainTimeSlices - domainWidth - domainLength - 0;
return;

for(i-0; i<numTimeSlices; 1++)

domainHead[i] - (POINT™*)farcalloc(width'length, sizeof(POINT));
cout « “"FreeHeap after timeslice allocated:” « farcoreleft() « ”Sn”;
if (domlainHeadIi] -- (POINT*)NULL)

if (i==0)
cout « "Not enough memory to build model of world\ri";
else
cout « "Only enough memory to build " « i « " of the
cout « numTimeSlices « " timeslices in model of worldvn";
domainTimeSlices - i;
blreak;

InitTimeSlice(l);
SletPermObjsInTimeSlice(i);

SetStartFromFile(mapFileName);
SetGoai FromFile(mapFileName);
SetMobileObjsFromFile(mnpFileName);
for(i”0; i<domainTimeSlices; i++)

SetAdjObjsInTimeSlice(i);
SetVerticesInTimeSllce(i);

for(i-0; i<aomainTimeSlices-l; i++j

AdvanceTime();
cout « "FreeHeap after Domain allocated:” « farcoreleftl) « ”\n”;

:-Domain()

POINT Ump;
int i;

cout « "Pesr.ructing Domain class\n";

if (domlainHead — (POINT*«)NULL)
cout “"Not freeing domain - DomainHead w,i3 NULIAn”;
return;

for(i»0; i<domainTimeSlices; in)

imp - domainllead (i|;
flarfroe(tm p);

fartreo(domainHead);
domainHead * (POINT**)NULL;
cout « "FreeHeap after Domain deallocated:" « Carcoreleft() « "\n";

gletch 0 ;

void Domain::AdvanceTime()

/1

AaeTimeSlices();

DrawDomain0 ;

ClearVerticestnTime.Siice (domainTinieS lices-1);
HovnMobileObiects();



11 DrawDomainO ;
5etVerticesinrimeSlice{domainTimeSllces-1) ;

/1 DrawDomainO;

;//////////////////////////////////////

/1l Copy the contents of every timeslice
// into the previous timeslice

/1 [01 <- [1), 111 <- [2]|, etc.

/1 Leave the last timeslice unchanged.
/1 Another routine will decide the moves

//// for all the mobile objects.
/1 A quick way to do this is moving ptr3
/1l to the timeslices and only copying the

// contents of the last timeslice over the
contents of the first timeslice

;9////////////////////////////////////

void Domain::AgeTimeSlices()

Int i, j;
POINT «tmp;

tmp - domainHeaa[0];
for(i-0, j~i; Kdoroain'l'imesllces-1; i++, j++)
domainHead(i) - domainHead [j);
domainHead(domainTImeSlices-1) - tmp;
fmemcpy(domainHead(domalnTimeSlices-I1,
domainHead[domainTimeSlices-2),
sizeof{‘domainHead[domainTimeSlices-1]));

int Domain: :CalcRoi>otDir (int st, int 3w, int si, Int et, int ew, Int ei)
|
if (('IsPointStart(st, aw, si))
Il (IsPointGoal(st, sw, si)))
return(clear);

(ew - sw >
%d -SI >C&
sw++, sl++;
if ((IsPointClear(st, sw, 31))
Il (IsPointVertex(st, sw, sl)J
Il (IsPointGoal(st, sw, si)))
return(frontriaht);
else
return(clear);
1

if ((ew - sw > 0)
it (el - s) -- 0))

swf+;
if ((IsPointClear(st, sw, si))
Il (IsPointVertex(st, 3w, si))
Il (IsPointGoal(st, sw, si)))
return(right);
else
return(cleirl;
1

if ((ew - sw > 0)
(el - si < 01)

SW++, si—;
Li ((IsPointClear (st, sw, si))
Il (IsPointVertex (st, sw, :1))
Il (IsPointGoal(3t, sw, si)))
return(backright);
else
return(clear);
|

if ((ew - sw 0)
£Eft (el - si > 0))
|

sl++;
if ((IsPointClear (st, sw, :i!))
Il (IsPointVertex (st, sw, ::!))
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Il (IsPointGoal(st, sw, si)))
return(front);
else

| return(clear);

If ((ew - sw -- 0)
it, (el - si == 0)
it (et - st > 0))

St++!

if ((IsPointClear(st, 3w, si))

Il (IsPointVertex(st, 3w, si))

Il (IsPointGoailst, sw, si)))
return(up);

else

| return(clear);

if ((ew - sw 0)

it. (el - si <0))
=
it ((IsPointClear(st, sw, si))
Il (IsPointVertexjst, sw, si))

Il (IsPointGoailst, sw, si)))
return(back);

| return(clear);

if ((ew - sw < 0)

ri (el - al > 0))
|
sw—, sl++;
if ((IsPointClear(st, sw, si))
Il (IsPointVertex(st, sw, si))
Il (IsPointGoailst, sw, si)))

return(frontleft);

else

| return(clear)>

if ((ew - sw < 0)
it (el - si ™ 0))

3W—;

if ((IsPointClear(st, sw, si))

Il (IsPointVertex(st, sw, si))

Il (IsPointGoailst, sw, si)))
return(left);

else

| return(clear);

if ((ew - sw < 0)
is (el | si < 0))
sw— si—

if ((IsPoii)tClear(st, sw, si))

Il (IsPointVertex(st, sw, si))

Il (IsPointGoailst, sw, si)))
return(backleft);

else

return(clear);

|

return(clear);

float Domain: :CheGk!,ine (int st, int aw, Int si, int et, int ew, int el)
11 static Int displayCounter-I;

Int tmpt, impw, tmpl;

float «list;

for (dist-0.0, tmpt-et-st, t.mpw»w-r.w, taipl»el-sl;
(tmpt !'—0) 1| (tmpw !- 0) Il (tmpl !- 0);
tmpt«et-3C, tmpw-ew-sw, trapl»el-si)
it (tmpT < 0)

return(-1.0);
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|
if ((tmpw > 0)
is (tmpl > 0))
|

(list +- GetPointCostlst, ;iw++, sl++, frontright);

if ((!'IsPointClearlst, sw, 31))
66 ((‘at !'- et) 11 (sw I- ew) Il (si !'- “1)))
return(-1.0);
continue;

((tmpw > 0)
66 (tmplI - 0))

dist += GetPointCostlst, swm, si, right);
if ({!IsPointClear(st, sw, si))

66 ((st !- et) I (sw !- ew) Il (si h- el)))
return(-1.0);
continue; |
if. (ttropw >
66 Etmpl <0%
l
dlst +- GetPointCostlst, swt-t, si—, bacKright);

if ((ilsPointClear(at, Sw, si))
Si (fit - et) 1l BW  1-ew) Il (si I-¢el)))
return(-1.0);
continue;

if ((tmpw < 0)
Si (tmpl > 0))

|
dist +- GetPointCostlst, sw—, sl++, frontleft);

If 111IsPointClear(st, sw, si))
66 (1st !- et) Il (sw ew) 11 (si I-el))(

return(-1.0);
continue;

If ((tmpw < 0)

si (tmpl ~ 0))
disc +- GetPointCostlst, sw—, si, left);
if ((llsPolntCleai: (st,sw, si))
66 ((st et) I (sw 1= ew) It (si, !“ el))l

return(-1.0);
continue;
|
If ((tmpw < 0)
66 (tmpl < D))
|

dist GetPointCostfst, sw—, si—, bacfcieft);
if (('lIsPointClear(st, sw, si))
is ((st '- et) Il (sw !'» ewl Il (31 1- el)))

return (-1.0);
continue;
|
if ((tmpw — 0)
?i (tmpl > 0))
|
di3t +* GetPointCost(3t, sw, slt+, front);
If ((!'lIsPointClear(3t, sw, si))
66 ((3t !“ et) Il (sw 1= ew) 11 (at!*“ el)))
return(-1.0);
continue;
|
if ((tmpw «» 0)
is (tmpl < 0))
1

dist. +- GetPointCostlst, sw, si—, back);
If ((!'IsPointClear(st, sw, si))
si ((st l—et) 11 (sw I- ew) Il (si !-el)))

return(-1.0);
continue;

((tmpw »= 0)
4« (tmpl — 0)
ss (tmpt, >0))

dlst 1“ GetPointCostlst*t, sw, si, up);
if ((11sPointClear (st, sw, si))
Si ((st !'- et) Il (aw !'- ew) |) (si !-el)))
return(-1.0);
continue;
|
|



/7 cout « “CheckLine:" «. dlsplaycounter++ « ":returned” « dist «
return(di3t);

int. Domain: :CJ.eHtAdiPoIntOK(int t, ini w, int 1)

char type;
int a,b)

tor (a=w-l;a<-wfl ;a++)

if ((@a <0) Il (a > domainWidth) 1
continue;
for(b-l-ll;b<:HI;bt*i

if ((b<0 N1 (b > domainLength))
continue;

if (@a- w) 4 b- D)
continue;

type - GotPolntTypelt, a, b);
if ((type --OBJECT)
Il (type — KOBII.E_OBJECT))
1 return(FALSE);

Seturn(TRUE)j

void Domain::ClearMobileObjeet(int t, int w, int 1)

Int i, j;
ii (GetPolntTypelt, w, i) MOBILE OBJECT)
if (ClearAdjPolIntOKit, w, 1) j

SetPointTypeft, w, 1, CLEAR):
SetPointFromlt, w, 1, FROM NOWHERE)J
|

else
SetPointType(t, w, 1, ADJ TO OBJECT);
SetPointFromit, w, 1, FROM nowhere);
|
|
tor(i-w-1, <-1-1; }<H2;)
if ((GetPointType(t, 1, j) - ADJ_TO_OBJECT)

f.t (ClearAdi PointOK(t, i,“j)7)

SetPoint'l'ypelL, 1, j, CLEAR);

SletPointFromft, i, j, FRCMNOWHERE);
if (i 2 w+l)

|

S.- w-S;

lit;
else

i++;

W**, Domain: :clearVertlcestnTimeSlic“ (int t)
Int w, 1, pointType;
for(w-'O_; w<domalllwidth; w*>)
Enr(i—o; Kdoroainl-ength; |ti)

pointType < setPointTypeit, w, 1);

if (poiptType VERTEX)
Si>tl'ointFrom(t,, w, |, FPnM_N<SWHERE) j
5f>t.PointType(t, w, 1, CLEAR);
<-onlinue;

I
il (polllITypo — MOBILE OBJECT)

(



void

void

OlearM obiIeObjeeItIt, w, 1);

I
1

Domain: : DrawOamnin()
int i;
for (i-0; i< domainTimeSHc03; i++)

DrawTimeSli,ce(iJ;

g}etch\);

Domain::DrawTimeSlice(int timeSlice)

char type;
int a,b,y;

cirscr{) ;
ijotoxy{l,1);
cout « “"l:ime-tl" « timeSiice;

for(b-O,I y-2;b<domainLencith; b+<-, y++)

gotoxyU» y)i
for(a-0; a<domainWidth; a++)

type - Get.PointTypo (tirneSlico, a, b):
switch(type)

case GOAL:

case START:

case ADJ_TO OBIJECT:

case OBJECT:

case MOBILF. OBJECT:

case VERTEX?
cout « type;
break;

case CLEAR:
switch(GetPointFrom(timeSlice,

case FRDMRIGKT:
cout « "R™;
break;
case FROM LEFT:
cotit « "L";
break;
case FROMUP:
cout « "U";
break;
erase FROM DOWN:
mout « "D";
break;
case FROMFftONT:
cout « "F";
break;
case FROMBACK:
cout « "B";
break;
mViw FROM EIftCKLEFT:
cout « "T";
break;
FROM E1ACKRIGHT:
cout << "It";
Dreak;
case FROM FRONT« FT:

-.m130
cout « "w";
break:

«i3e FROMNOWHERE:

default:
cout <<
break;

|

break;
default!

a,

b))



cout «
break;

|
cout « "\n";

POINT* Domain::GetPoint(int timeSlice, int width, int length)
POINT *tmp, *tmp2!

tmp = domainHead(LimeSlicel;
tmp2 - tmp + (domainWidth*width) + length;
cleturn(tmpz);

float Domain::GetPolntCost(Int timeSlice, int width, int length, int dir)
POINT *tmp;

tmp = GetPoint(timeSlice, width, length);
return(tmp->cost[dir));

char Domain::GetPointFrom(int timeSlice, int width, int length)
POINT 'tmp;

tmp - GetPoint(timeSlice, width, length);
return(tmp->from);

char Domain::GetPointType(int timeSlice, int width, int length)
POINT *tmp;

tmp = <3etPoint(timeSilce, width, length);
return (tmp->r.ype) ;

void Domain::InitTimeSlice(int timeSlice)

POINT*tmp;
int a,b;

for(a”0;a<doma inWidth;a++)
for(b=0;b<domainLength;b++)

tmp « GetPointltimeSlice, a, b);
Imp->dist-0.0;
mp->from- FROM_NOWHERE;
tap->type-CLEAR;

/ue if (timeSlide -» domainTimeSlices-i)
tmp->cost[FROMUP) - BLOCKED;

else*/
trap->cost|FROM_UP] - NORMAL;

If (1 — 0) (b — 0)1

tmp->cost | FROM—PRONTRIGHT1 ** NORMAL DIAG;
tmp->COSt | FROM RIGHT) " NORMAL;
tmp->cost(FROM_BACKRIGHT) - BLOCKED;
tmp->cost) FROM BACK) - BLOCKED;
tmp->co3t | FROM BACKLEFT) - BLOCKED;
trap->cost(FROM_LEFTI - BLOCKED;
tmp—>C03t t FROM FRONTLEFT) - BLOCKED;
tmp->cost (FROMAFRONT) - NORMAL;

continue;

if ((a -I> 0) AS (b < ciomainLength-1))

tmp->cost(FROM FRONTRIGHTI - NORMAL DIAG:
tmp->cost [FROM RIGHT) - NORMAL;
fmp->cost|fFROM_BACKRICtITI - NORMAL DtAG;
tmp->cosl. (FROM RACK) e« NORMAL;
Unp-Xrost(FROM HACKLF.cTI BLOCKED;

I mp->C03l. (FROM LEFT) BLOCKED;
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id

((a

({a

((a

((a

tmp->cost[FROM_FRONTLEFT] = BLOCKED;
tmp->cost[FROM_FRONT] = NORMAL;
continue;

-= 0) £5 (b—domainLength-1))

|

tmp->costfFROM_FRONTRIGHT] = BLOCKED;
tmp->cost[FROM_RIGHT] = NORMAL;
tmp->co5t [FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost(FROM_BACK] = NORMAL;
tmp->cost[FROM_BACKLEFT] = BLOCKED;
tmp->cost[FROM_LEFT] = BLOCKED;
tmp->cost(FROM_FRONTLEFT] = BLOCKED;
tmp->cost[FROM_FRONT] « BLOCKED;
continue;

< domainWidth-1) & (b == 0))

tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->costfFROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = BLOCKED;
tmp->COSst[FROM_BACK] = BLOCKED;
tmp->cost[FROM_BACKLEFT] = BLOCKED;
tmp->costfFROM_LEFT] = NORMAL;
tmp->costfFROM_FRONTLEFT] = NORMAL_DIAG;
tmp->costfFROM_FRONT] = NORMAL;

continue;

< domainLength-1) (b < domainWidth-1))

tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->costfFROM_RIGHT] = NORMAL;
tmp->costfFROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_BACKJ * NORMAL;
tmp->coat[FROM_BACKLEFT] = NORMAL_DIAG;
trap->cost [FROM_LEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] - NORMAL_DIAG;
tmp->cost[FROM_FRONT] - NORMAL;

continue;

< domainWidth-1) Sfi (b == domainLength-1))

tmp->cost[FROM_FRONTRIGHT] = BLOCKED;
tmp->costfFROM_RIGHT] - NORMAL;
tmp->cost[FROM_BACKRIGHT] = NORMALIJ3IAG;
tmp->cost[FROM_BACK] = NORMAL;
tmp->cost[FROM”ABACKLEFT] = NORMAL_DIAG;
tmp->COSt [FROM_LEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] = BLOCKED;
tmp->cost [FROM_FRONT] = BLOCKED;
continue;

== domainWidth-1) & (b == 0))

tmp->cost[FROM_FRONTRIGHT] = BLOCKED;
tmp->cost[FROM_RIGHT] = BLOCKED;
tmp->cost[FROMBACKRIGHT] « BLOCKED;
tmp->cost[FROM_BACK] = BLOCKED;
tmp->costfFROM_BACKLEFT] = BLOCKED;
tmp->cost[FRQM_LEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] - NORMAL_DIAG;
tmp->cost[FROM_FRONT] = NORMAL;
continue;

== domainWidth-1) s& (b < domainWidth-1))

tmp->cost[FROM_FRONTRIGHT) = BLOCKED;
tmp->cost[FROM_RIGHT] = BLOCKED;
tmp->COSt[FROM_BACKRIGHT] = BLOCKED;
tmp->cost[FROM_BACK] = NORMAL;
Lmp->costfFROM_BACKLEFT] = MORMAL_DIAG;
tmp->cost[FROM_LEFT] = NORMAL;
tmp->costfFROM_FRONTLEFT] = NORMAL_DIAG;
tmp->cost[FROM_FRONT] = NORMAL;
continue;

== domainLength-1) (b == domainWidth-1))

tmp->cost[FROM_FRONTRIGHT] = BLOCKED;
tmp->coflt(FROM_RIGHT] - BLOCKED;
Lmp->cost[FROM_BACKRIGHT] - BLOCKED;
I.mp->cost[FROM BACK] = NORMAL;
I'.mp->cost [FROM_BACKLEFT] = NORMAL_DIAG;
tmp->cost fFROM_LEFT] - NORMAL;

B - 287



'mp->cost fFROM_FKONTLEFTI = BLOCKED;
tmp->00st[FROM FRONT| - BLOCKED;
continue;

int Domain':isPointCIear(Int t, Int w, tnt 1)

|i &<W <

It < 0)
|[ (« >» domainWidth)
1] (1 >= domainLenath)
|| (t >= domainTimeSllces))
return(FALSE);
switch(GetPointTypeit, w, 1)1
t
case CLEAR:
return(TRUE);
default:
return (FALSE)I
|

inr. Domain::IsPointGoal(int t, int w, int 1)

%W« 0)

II (t < 0)

Il (w >= domainWidth)

Il (1 >« domainLencjth)

I (t dcroainTImeSiices))
return (FALSE);

-3witch(|GetFOIntType(t, w, 1))

case GOAL:
return(TRUE);

default:
ceturn(FALSE);

Lnt Domain::IsPolntMearObject(int t, int w, int 1)

(M< 0)
1

1 >- domainLength)
t >- donalnTimeSiicosl)
return(TRUE);
.iwitch(GetPointType(t, w, i>)
I
case OBJECT:
return(OBJECT);
iase MOBILEQBJECT:
return(MOB TLEOBJECT);
case ADJ TO OBIJECT:
return (ADJ_TO OBJECT);
default:
return (FALSE) ;

(
S

It ((w >= domainWidth)
(

int Domain: :IsSoint0i>lect(int t, int w, int 1)

if ((w <0
oIt <
Mot <0

(w >= domainWidth)
Il (1 >= domainLenqth)
(L >a rtomai nTimeSlI ices))
r“turn(TRUE) ;
switch(GetPftiivtTypett, w, [)>
|

B -288



case OBJECT:
return(OBJECT);
case MOBILE OBJECT:
return(KOBILEOBIJECT);
case ADJ_TO_OBJECT: ~
default:
| return IFALSE) ;

int Domain::IsPointStart(int t, int w, int 1)

I .

if < 0)

i ({*<q

I (t < 0)

Il (w >m domainWidthl

Il (1 >=*domainLenqth)

Il (t >- domainTimeSllces))
return(FALSE);

switch(GIetPointTypeit, w, )))

case START:

return (TRUE);
default:
| return(FALSE):

int Doniain::IaPointVertex(int t, Int w, int 1)
It ((w < 0)
I 1<0
I It < 0)
It (w >“ domainWidth)
Il (1 >” domainLength)
li (t >- domainTimeSllces))

return|FALSE);

switch(GIetFoincTypeft, w, 1))

case VERTEX:
return(TRUE);

default:
return(FALSE);

.0ld Domain::MarKM3hileOblect(int t, int w, int 1)

int i, j;

if ((GetPointTypeit, w, 1) — CLEAR)

N (GetFiointType(t, w, 1) — ADJJTO OBJECT))
:--etpo;nLType(t, w, |, MOBILEOBJECT):

SetFeintFroro(t, w, 1, FROM NOWHERE) ;

for(i—w—ll, J-1-1] j<1+2?)

if (GetiointType(t, i, j) — CLEAR)
SetPointTypett, I, j, ADJ TO OBJECT);
ﬁetPointFromtt, i, i, FROM_hOWHERE);
if (1 -- wil)
it ow-1;
1+
1
el3e
i++;

void Dumain::MoveMobileObject (OBJECT NODE'onject)
Int t-domainTimeSlices-I, w (‘object).w, Wm(eobject).1;

ClearMobileObleet(t, w, 1);
jwi tch( (solMi'ct) .direction)
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case front:
i£ ((IsPointObjectft, w, 1+1))
Il (IsPointStartlt, w, 1+1))
Il (IsPointGoal(t, w, 1+1)))

(‘object) .direction - randO t NUMDIRS;

else
(‘object). l++j
break;
case frontleft:
If I(IsPointObjectlt, w-1, 1+1))
Il (IsPointStartlt, w-1, 1+1))
Il (IsPointGoal(t, w-1, 1+1)))

(eobject) .direction - randO t NUM_DIRS;

else
(eobject).1++, (‘object).
break;
case left:
If ((IsPointobject(t, w-I, 1))
Il (IsPointStart(t, w-1, 1))
Il (IsPointGoal(t, w-1, 1)))

W—3

(sobject) .direction « randO t NUMDIRS;

else
(‘object).w—;
break;
case backleft:
if ((IsPointObject(t, w-1, 1-1))
Il (IsPointStart(t, w-1, I-1)>
Il (IsPointGoal(t, w-1, 1-1)))

(eobject).direction - rand() t NUM_DIRS;

else
(eobject) .w—, (*object)
break;
case back:
if ((IsPointObject(t, w, i-1))
Il (IsPointStartlt, w, 1-1))
Il (IsPointGoal(t, w, 1-1)))

11—

(eobject) .direction - randO t NUM_DIPS;

else
(eobject).1—;
break;
case backrlght:
if |(IsPointObjectlt, w+l, 1-1))
Il (IsPointStartlt, w+1, 1-1))

Il (IsPointGoal(t, w+l, 1-1)))
(‘object).direction - rand!) t NUMDIRS;
else
(sobject) ,w«, (‘object). 1—;
break;
case right:

If ((IsPointObject(t, w+l, 1))
Il (IsPointStart(fci w+1, 1Y)
Il (IsPointGoal(t, w+l, 1)))

(‘object) .direction - randO % NUMDIRS;

else
(eobject). w++;
break;
case frontright:

if ((IsPointObject(t, w+l, 1+1))

Il (IsPointStartlt, w+l, 1*1))
Il (IsPointGoal(t, w+l, 1%*1)))

(eobject) .direction * randO % NUMDIRS;

else
I'object.).w++, (‘object)
break;
default:
cout « "*+* unknown direction
break;

|
MarkMobileObject(t, objeet->w, object->1);

void Domain::MoveMobileObjects()
OBJECT NODE'cur, *ori<t;

orig mcur = objl, 13t .GetNextObj«ct|) ;
iT (cur — (OBJECT MODE*)NUM.)
return;

do

R

fot mobile object
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int

if ((‘cur).velocity > 0)
MoveMobileObject(cut);

cur » objLI3t.GetNextObject();
I while (cur 1- orig);

Domain::MoveRobot(int st, int sw, int si, int et, int ew, int el, float'dist)
int dir;
edlst - 0.0;
if (!lsPointStart(st, sw, si))
edist « 0.0;
rleturn(FALSE);

dir - CalcRobotDirlst, sw, si, et, ew, el);
SetPointTypelst, sw, si, CLEAR);
SetPointFromfst, sw, si, FROM NOWHERE);

switch((iir)

case frontright:
edist - GetPointCostfst, sw, si, frontright);
3t++, swH+, sl++;
if (('lsPointClear(st, sw, si))
it (!IsPointVertex(st, sw, si))
it (!lIsPointGoal(st, sw, si)))

st—, sw—, si—;
edist * 0.0;

break;
case right:
¢dist - GetPointCostfst, sw, si, right);
st>+, sw*+;
if (('IsPointClear(st, sw, si))
ti (!!'3PointVertex(st, sw, si))
a (!lIsPointGoal(st, sw, si)))

st—, sw—;
edist - 0.0;

break;
case backright:
edist - GetPointCostfst, sw, si, backright);
St+t, 3w4a+, Si—;
if (('IsPointClear(st, sw, si))
it (!lsPointVertex(st, sw, si))
<s (!lsPointGoal(st, sw, si)))

st—, sw—, sl++;
-Idist - 0.0;

break;
case frontleft:
edist - GetPointCostfst, sw, si, frontleft);
st‘+, sw—, sl++;
if ((!'IsPointClear(st, sw, si))
it (!IsPointVertex(st, sw, si))
it (!lsPointGoal(st, sw, si)l)

st—, swm, Si—;
-Idlst “ 0.0;
hreak;
case lott:
edlst - GetPointCostfst, sw, si, left);
stn, sw—;

if (f!lsPointClearfst, sw, si))
it (!lIsPointVertex(st, sw, si))
it (!IsPointGoal (st-, sw, si)))

St—, SWH;
edlst - 0.0;

break;

case backloft:
edist * GetPijIntCost(st, sw, «1, backleft) ;

st+t-, sw—, si—;
it ((!'IsPointClear(st, sw, si))
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e (LISPointVertex(st, sw, si))
%L(HSPOHHGOEH(SL sw, si)))
1

St—, Sw++, sl++;
*Idist =0.0;
break;
case front:
*dist = GetPointCost(st, sw, si, front);
St++/ sl++;
if (!IsPointCIeargst, sw, si;;
llsPointVertex(st, sw, si
s& (‘IsPointGoal(st, sw, si)))
St—, Si—;
*Idist = 0.0,
break;
case back:
*dist = GetPointCost(st, sw, si, back);
St++, Si—

if ((!IsPo’inICIear(st
llsPointVertex(st, sw, si))
Sfi (UsPointGoal(st, sw, si)))

sw, si))

St—, sl++;
*dist = 0.0;
break;
case up:
+dist ~ GetPointCost(st, sw, si, up);
St++:

if ((!IsPointClear(st, sw, si))
&& E!IsPointVertex(st, sw, si))

8& !IsP[ointGoaI(st, sw, si)))
St—
*dist = 0.0;
1
break;
default: [Ino movement start IS goal
*dist = 0.0;
break;

if (IsPointGoal(st, sw, si))
return(TRUE);

else
etPointType(st, sw, SL, START),
SetPointFrom (st, sw, SI, FROM NOWHERE);
return(FALSE);

void Domain::SetAdjobjsinTimeSlice(int timeSlice)
ilnt ab;
int w,1;
for(w=0; w<domainWidth; w++)
for(1=0; KdomainLength; 1++)

if (JIsPointObject(timeSlice, w, 1))
continue;

for(a=w-I; a<=w+l; a+t)

if ((@a<0) || (@ >domainWidth))

continue;
for(b=1-1;, b<=l+I; b++)
it ((b <0) || (b > domainLength))
continue;

if (GetPointType(timeSlice, a, b) “ CLEAR)

SetPointFrom (timeSlice, a, b, FROM_NOWHERE) ;
SetPointType(timeSlice, a, b, ADJ_TO_OBJECT);

B -292



void Domaln::SetGoalFromFile(char*fileName)
|
Int 1, w, 1;
chat recType;
char tmp[256];
fstream dataFile;

dataFile.open(fileName, ios::in);
IX (!'dataFile)

tout <i "Unable to open ™ « fileHams « ", Ho Goal added.\n";
for (j:)
c[ataFiIe. getlineltmp, sizeof(tmp));
If (strlen(tmp) — 0)
break;

If (tmp[m — GOAL)

Il cout « "The GOAL line is: " << tmp « "\n";
if (sacanf(tmp, "tc%d%d", srecType, Sw, si) =" 3)
|

for(li-o; KdomainTimeSlices; i++)

SetPointFromii, w, 1, FROMNOWHERF.);
SetPointType(1l, w, 1, GOAL);

brea 1(;
|
else
|
|

dataFile.closed ;

cout « “"Improperly formatted line Ignored\n";

void Domain: :SetMobileObjsFromiMle(char*fl lIeName)

Int w, 1;

char recType;

char tmp[256);
fstream dataFile;
OBJKCT_NOIIE' nefwObii

dataFile.openlfileName, los::in);
if (!dataFile)
cout « "Unable to open

<< fileName « flo Mobile objs addsd.W;
for (3;)
int i

dataFile.getlineftmp, sizeof(tmp;);
i - strlen(tmp);

tf [1 *= 0)
break;
cout « "Length of input line is: " « | « ™"\n";
if (itmplO) !- GOAL)
ii [taiollo] i- START))
// cout « "OBJECT line is: " « tmp « "\n";
if (sscalnf(tmp, "Ncidld", irecType, sw, si) — 3)
éetPointFrom(domainTimeSIices-l, w, i, FROM NCMHF.RE);
SetPointType(domalnTimeSlices-1, w, 1, MOBILE_OBJF.CT) ;
newObi - objLInr.EuildNewQbject(w, 1);
if (new(IDbJ)
objList..Inserf.NewObject (newObj);
cout « "Added ob-j to obj 1131\n";
1
else
1 cout « “"Improperly formatted line ignored\n";
1

dataFile.closet);
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void Domain::SetPermObjsinTlraeSlice(int timeSlice)
int w, |-

foc(w-0; w<domainWidth-5; w++)

1- 2;
switch (w)
case 3:
case 4:
case 5:
break;
default:
SetPointFrom(timeslice, w, i, FROMJJOWhERE) ;
SetPointType (timeSlice, w, 1, OBJECT) -
u SetAdjObjsInTimeSlice(timeSlice, w, 1);
break;
|
|
for(w-0; w<domalnWldth-10; w++)
_|’
SetPolntFromftimeslice, w. I, FROMIfCWIIKRF.) J
SetFointTyps(timeSlice, w, 1, OBJECT);
11 SetAd10bj3InTimeSlice(timeSlice, w, 1);
for(l-O,I w=domaifiwtdth-10; I<doinainl.ongth-2; 1
switch(lf
case 3:
case 4:
case S:
case 6:
case 14:
case 15:
case 16:
break;
default:
SetPolntFrom(timeSlice, w, 1, FROMNOWHERE) ;
SetPointTypeltimeSlice, w, 1, OBJECT);
11 SetAdjObjsInTImeSliceftimeSlice, w, 1);
break;
|
for (1=2, wdomainWidth-5; KdomainLength-7; 1++)
switeh(ll)
case 9:
ca3e 10:
case 11:
break;
default:
SetPointProm(timeSlice, w, 1, FROM NOWHERE);
SetPointType(timeSlice, w, 1, OBJECT);
11 SetAdjObjsInTimeSlice(timeSlice, w, 1(;
break;
1

for (wdomainMtdth-5, t-domainLenath-i; w<domai»Width; wn)

SetPointFrom!limeSlioe, w, 1, FROMNOWHERE);
SetPointType(timeSlice, w, I, OBJECT);
Il SietAdiObjsInTImeSIice(timeSIice, w, 1);

for(w-domainWidth-10, I-domainLenqth-2; w<domainWidth; wt+)

Set t= ntFromftimeSl Ice, w, |, FRCM Ni)WHEKE) ;
Set: ntTypeltimeslice, w, 1, OBJECT);

11 SetAdjObjsInTimeSliceltimeSlice, w, 1)

void Domain::SetPointFrom(int timeSlice, int width,
POINT *tmp;

if ((width < 0)

I'l (lonqth < 0)

11 (timeSlice < 0)

I (width domainWidth)

lot

length,
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I'l (length > domainLength)

It |timeSlice domainTifflsSlices))
return;

tmp - GetPolntftimeSlice, width, length):

tmp->lrom - from;

void Domain::SetPointType(int timeSlice, int width, int length, char typo)

char oldType;

POINT *tmp;

if ((width < 0)

(length < 0)

(timeSlice < 0)

(width s» domainWidth)

I (length >* domainLength)

Il (timeSlice >- domainTimeSllces))
return;

tmp - GetPoint 11imeSlice, width, length);

oldType - tmp->type;

tmp->type - type;

if (oIdTIype S- OBJECT)

11 SftAdjObjslnTimeSlice(timeSIice, width, length);

void Domain::SetStartFromFile(char*fileName)

irst w, 1;

char recType;
char tmp[2561;
f3tream dataFile;

dataFile.open(fileName, ios::in);
if (!dataFile)
cout « "Unable to open " « fileName « *. No Start added.\n“i

for(:;)
dataFile. getlins(tmp, 3izaof(tmp))
if (strlen(tmp) == 0)
break;
if (tmpIIO] — START)
11 cout « "The START line is: H« tmp « ”"\n";
If (sscanfftmp, "tcSdvd", r,recType, *w. Si) ~ J)
T
SetfointFrom(dcwain'fimeSlices-1, w, 1, FROM KCWHERF)
SetPointType(domainTimeSlice3-1, w, 1, START);
break;
else
cout « “Improperly formatted line ignored\n";

dataFile.closed ;
1

void Domain::SetVerticesInTimeSlice(int t)

int w, 1;
Int ditf_counter, corner counter:
int side bits, coin<?r_bit,5;

for(w»0; widomainWidth; w*+)
for(i-O;I KdomainLength; If+)

if (!IsPointClear(t, w. 1))
continue;

corner_bit3 - BITMASKjCLEAR;
corner counter - 0;
if (IsPojntNearOb'ject. (t, w-1, 1-1))

cornerbits I» BITMASK LEFT;
cornerbits |- BITMASK TOP;
cornercounter++;
|

if (I3PointMearObject(t, w-I, 1>1))
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corner_bits I1- BITMASKLEFT;
corner_bit3 |- BITMASK—BOTTOM;

corner_counter++;

if (IsPointNearObject(t, w+1l, 1+1))

cornerbits |- BITMASK_RIGHT;
corner_bits |- BITMASKBOTTOM,;

corner_counter++;
|

if (IsPtiintNearObjectft, w+l, 1-1))

corner_bits I- BITMASKRIGHT;
corner_bits |- BITMASK_TOP;

corner_counter++;

if (corner_bit3 !'m BITMASK_CLEAI

|
side_bits - BITMASKCLEA

R)

R;

if (IsPointNearObject(t, w-1, 1))
side_bits 1- BITMASK_LEFT;
if (IsPointNearObjectlt, w, 1-1))
side_bits 1- BITMASK_TOP;
if (IsPointNearObjectlt, w+1, 1))
sidebits I- BITMASK_RIGHT;
if (I3PointNearObject(t, w, 1+1))
side_bits I- BITMASK_BOTTOM;
for(diff_counter-0;
(side_bits !- BITMASK CLEAR)
I'l (corner bits != BITMASK CLEAR);

side bits »« 1, corner_bits » - 1)

If ((corner_bits s (int)0x01)
(int)OxOIl) !- (corner_bits s

ss ((side_bits s

diff_counter++;

continue;

|
If ((sidebits s (int)OxOl)

ss ((sidebits s
|

(in

t)0x01) !- (cornorbits

diff_counter++;

continue;

|
if ((diff_counter > 2)

1 ((diflf_counter — 2) SS

SetPointFrom (t, w,
SetPolntType(t, w,
|

/t edqe.hpp
edefine DEBUGKILEHAME "DEBUG.LOG"

typedef struct van

int t,w,1;

float dist;

struct van ‘prev, ‘next;  ——
| EDGENODE;

class EdaelList

1
public;
EdgeListO ;
‘EdgelList();
EDGE NODE* BuildNewEdqe(Int, int, int, float);
void DelAllEdqges(vold);
void DelEdoe(EDGE_NODE*);
void DelEdgeToVertex(ini, int, int);
EDGENODE* GetFIrstKdge(void);
EDGENODE* GetNcxtEdqe(EDGE_NODE™);
void InsertNewEdijo(EDGE NODE?*) ;
void ListAllEdqges(Int) ;
private:
EDGE NODE «edceHead;
I

1,
1,

(eorner_counter

FPOMNOWLIERE) ;
VERTEX);
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1 edge.cpp

einclude <iostream.h>
»include <f3tream.h>
einclude <3tdio.h>
einclude <conio.h>

einclude ialloc.h> Il Tor coreleft(l
eInclude <stdllb.h> Il (or itoai)
einclude <string.h> Il for strcpyt)

einclude "edqge.hpp”

EdgeLIsIt::EdgeList{)

edgeHead - (EDGENODE*)NULL;
11 cout « "EdgelList Constructor””;

EdgeList!!-EdgeListO
while (edgeHead !- (EDGE_NODE*)NULL)

DelEdge(edgeHead);
I cout << "EdgeList DestructorWw;

EDGEﬁNOIIDE* EdgelList::BuildNewEdge(int t, int w, |
EDGE_NODE *a;

if (otherVertex != (void*)NULL)

tt
/1

nt 1,

float dist)

a = (EDGE NODE*)farcalloc(1l, sizeof(EDGENODE));

if (a N TeOGE NODE*)NULL)

cout << "Out of Memory in BuildNewEdqget)\n";

getch();
elxit(O);

a).l - 1;
(*a).dist - dist;

(*a).prev - (*a).next - (EDGENODE*)NULL;

return(a);

I
11 return ((EDGE_NODE*)NULL) ;

void EdIgeList::DeIAllEdges()

EDGE_NODE*a;

for(a - GetFirstEdqel);
a !- (F.DGE_NODE*) NULL;
al « GetFirstEdge())
DelEdtje(a);
1

I

void EdgieList::DeiEdqe(EDGE_NODK*a>

EDGE£_MODE*tmp;

11 cout « “"edge 0\n”;
if (a I- (F.DGf._NODE*)NULL)
|
if ((a->prev — (EDGE NODE*) HUT.L.)
SS (a->riext <™ (EDGE NODE*) NULL))
11 cout << "edge I\n";
free(a);
edgeHead - (EDGE NODE*)NULL;
eturn;
If (<a->prev !- (EDGE_NODE*)NULL)
u (a->riext != (EDGE_NODEM NULL))
11 COUt « "edge 2\n";

r.mp - a~>pcev;
imp->next * a->next;

/1 del

Il del

last

edge
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tmp - a->next;
t,mp->prev - a->prev,
free(a);

“turn;

if ((a->prev -* (EDGE_NODE*)NULL) // del edge at sol

SS (a->?ext I- IEDGE_NODE*)NULL)I
1/ c.out « "edge 3\n";
tmp “ a->next;

tmp->prev - (EDGE_WODE*)NULL;
edgeHead - tmp;

freefa);
return;
if ((a->prev !- (EDGE_NODE*)NULL) // del edge at eol
ft (a->riext — (EDGEJJODE*) NULL)}
11 cout « "edge 4\n";

trap * a->prev;

tmp->next - (EDGE_NODE*)NULL;
free(a);

return;

void EdlgeList::DeIEdgeToVertex(int t, int w, int 1)
EDGE_NODE*tmp;
for(tmp | GetEir3tEdge(); tmp !- (EDGENODE*)NULL;
if {(tmp->t -= 1)
ss  (tmp->w -- w)

SS (tmp->1 ““ 1))

DelEdge(tmp);

t‘reak;

EDGENODE* Edgelist::GetFirstEdge()

return(edgeHead);

EDGE NODE* Edqgelist::GetNextEdge(EDGE_NODE*cur)

return(cur-xiext);

void Edgelist: :InsertNewEdqe(EDGENODE ‘edge)
|
EDGE_NODE *cur ;

If (edge — EDGENODE*)NULL)
return;
if (edaeHead — (EDGENODE*)NULL)

1
edgeHead - edae; -
edge-'-?rev - edge->next - (EDGE_NODE*)NULL;

I cout <* "tnserted edge into emptylist ";

11 cout . " (" « Pdge->t « "« edge->w «
I cout «< "Dist - ” « edge->dlIst « "\n";
return;

tmp

«

GetNextEdge(tmp))

edge-M

for(cur=edueHead; cur |* (EDGE_NODE*)NULL; cur-(‘cur).next)

1
if (i?2d(te->t > cur->t)
Il ((»rige->t «m cur->t)
*s (Rdge->w > cur->w))
1 ((irL«e->t == cur->t)
(6 (t'ilge->w «« cnr->w)
sS (edge->1 > cur->D) )
i I
if (eur->next — (EDGE NODE') NULL)
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/*

/1

edge->next - (EDGE_NODE*) NULL;// no more so append to eol

edge->prev m cur;
cur->next - edge;

break;
I
else
| continue; Il try next one
if | tedge->t < cur->t)
11 ((edge->t — cur->t)
is (edge->w < cur->w))
11 ((edge->t < cur->t)*/
Il lledge->t “ cur->t)
ss tedge->w — cur->w)
ss (edge-r>l < cur->1)) )
( Il insert before cur
if (cur->prev — (EDCE_NODE*)NULL)
edge->prev » (EDGENODE*)NULL; // at start of list
edge->nej(t mcur;
cur->prev - edge;
edgeHead = edge;
break;
|
else
|
edge->prev » cur->prev; /1 in middle/end of list

|
if ( <edge->t

“dae->next - cur;
cur->prev - edge;
cur - edge->prev;
cur->next « edge;
break;

— cur->t)

hi (eeige->w — cur->w)

ss |edge->1
|
/* alre
jrout «
cout «
cout «
cur->w
cur—1
cur->d
cout «
cout «

cur->1) )

ady here - replace it ! */

"Already here - replacing values and disposing of new edge

"M « edge->t « " "« edge->w « «
"Dist - “ << edge->dist « "\n";

™ odge->w;

" edge->1;

ist - edge->dist;+/

" Already here - ignoring..An";

e

free(edge);

break;
| |
cout « "Inserted edq
cout « " (" « edge-
cout « "Dist = " «

e into list

>t o« "« edge->w « M« edge->1 « ").

edge->dist « "Vn";

void EdlgeList::ListAIIEdges(ini debugFlag)

char tmp(256);
fstream debugFile;
EDGENODE ’edge;

strcpyltrop, "“List of
cout « tmp;
i£ {debligFIag)

all edges in Ilst\n");

debugFile.open(DEBUG_FILENAME, ios::app);
debugFile.writeltmp, strlen(tmp));

debugfile.clo
for(edge - edgeHead;
sprinifitmp,

cout «m tmp;

sed ;

edqge->1

edge !- (EDGENODE*)NULL; edge - (’edge).next)

"Edge to (td,*d,*d). Dist is if\n",
(edge).t, (’edge).w,

if (debugFlag)

debugF

ile.open(DEBUG FILENAME, ios::app>;

debugFlle.wrlte(tmp, fstrlen(Imp));
debuqFlle.close<);
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|
3trepy (tmp, Tommmmmmmmmmmmm e \n");
cout << tmp;
if (debLigFIag)

debugFile.open(DEBUG_FILENAME, 1ios::app);
debugFile.write(tmp, strlen(tmp));
debugFile.closed ;

Il object.hpp
-define FALSE O
»define TRUE jFALSE

»define GOAL °G~

»define START 'S’

»define OBJECT °X~
»define ADJ_TO_OBJECT
»define MOBILE_OBJECT *M*®
«define CLEAR .~

»define VERTEX *“V*

»define NUMDIRS 1 /* this is the 8 horizontal directions; (0->V)
enum directions 1 front, back, left, right, frontright, frontleft,

typedef struct o

Int direction, velocity;
int w, 1;

struct o *prev, »next;

1 OBJF.CTNODE;

class ObiectList

public:
ObjectListO ;
-ObjectListd ;
OBJECTJJODF.» BuildNewObjectfint, int);
void DelAllObjects(vold);
void DelObject(OBJECTMODE*);
OBJECT_NODE* GetNextObject(void) ;
void InsertNewObject (OBJF.CT_NODE*) ;
void ListAllObjects(void);
private:
| OBJECT_NODE “objectHead;
)

// object.cpp
einclude <io3tream.h>

»include <alloc.h> // for coreleftd
«include <3tdlib.h> // for itoad
«include «string.hi H for strcpyd

einclude <conio.h>

Il »include "edge.hpp"
»Include "object.hpp™
ObiectList: :ObjectLIstd

objectHead - (OBJECT MODEM NULL;
cout « "ObiectList Construetor\n”;

ObiectList::"ObjectList(Q

cout << "ObjectList Destructor\n®“;
PelAl 10bjectsd ;

OBJECT NODE* ObjectList::BuildNowObject(Int w, Int 1)
OBJECTJIODF. *newFtr;

newl’tr - (OBJECT MODEMiareaHoc (1, .-nzeor (OBJECT NODE) );
if (newII'tr —  (OBJECT NODE»)NULL)

«rout <e- "Out <! memory in lini ldNewi. biect QW ;
gotchQ;

./
backright,

backleft,

up,

down,

clearl;



return(NULL);
(“newPtr).direction = rand() t NUMDIRS;
(“newPtr).velocity - 1j
(=newPtr) .prev - (“newPtr) .next = (OBJECT_NODE*“)NULL;
(“newPtr).w - w;
(*newptr) .1 * 1;
return(newPtr);

void ObiectList::OelAIlObjectSO
OBJECT_NODE *tmp;
while (objectHead !- (OBJECT_NODE*)NULL)
tmp - objectHead;

objectHead - (“objectHead).next;
DelObject(tmp);

void ObjectList::DelObject(OBJECTNODE “todie)
OBJECTNODE ™cur;

if (((“todie).prev 1- (OBJECTNODE*)NULL)
SS ((“todie).next != (OBJECT_MODE=)HULL))

// cout « "Deleted Object (" « todie->w « « todie->1 « ")\n”;
cur-(“todie).prev;
if (cur -- todie)

ObjectHead - (OBJECTNODE*)NULL;

/7 cout « "Object List Empty\n";
free(todie);
return;
else

(scur).next-(=todie).next;
cur » (*todie).next;
(*cur).prev - (“todie).prev;
if (objectHead - todie)
objectHead- (*todie).next;
free(todie);
return;

cout « "*e*r*id MOT delete rotton Object (" « todie->w « 7," « todie->1 «

OBJECT NODE* Objei-.tList: jGetNextObject Q
OBJECT_NODE*tmp;

if (objectHead — (OBJECT NODE *)NULL)
return((OBJECT_NODE“)NULL);

tmp - objectHead;

I-iectHead - obleetHead->next;
1eturn(tmp);

void ObjIeCtLISL::InsertNev’\bject (OBJECT MODE"newPtr)
OBJECTJTODE *cur;

if (newPtr — (OBJECT NODE*)NULL)
return;

If (objectHead — (OBJECT NODE*) NULL)

objectHead - newPtr;
enewPtr) .prev - (‘newptr).next - riewptr;

else
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w/- insert before first node </
mur - objectHead;
(enewPtr).next » cur;
(“newPtr).prev - (*cur).prev;
(*cur).prev - newPtr;

cur - (“newPtr).prev;
(ecur).next « newPtr;

objectHead - newPtr;

I cout « "lInserted object (' « newPtr-sw «

void ObﬂectList::ListAIIObjectso
OBJECT_NODE*tmp;
if fobjectHead —  (OBJECT NODE*)NULL)

cout « "ObjectList is empty\n™;
return;

foritmp—objectHead;;tmp = tmp->next)

« newPtr->1

cout « "Object: (" « tmp->w « «  tmp->1 « "I\n";

trap tmp->next;
if ftmp —=* objectHead)

cout « "ObjectList endedVn";
break;

Il vertex.hpp
-define FALSE 0O
sedefine TRUE jFALSE

edefine GOAL "G*

edefine START =S~
s+define OBJECT =X~
¢define ADJTOOBJECT “x"
»define MOBILE OBJECT “M"
edefine CLEAR ~.-

+define VERTEX °V~

»define BITMASK_TOP (int)0x0B
»define BITMASK LEFT (int) Ox0-1
»define BITMASKBOTTOM (int)0x02
edefine BITMASK-RIGHT (int)0x01
edefine BITMASK CLEAR (int)0x00

»define DEBUGFILENAME "DEBUG.LOG™
typedef struct vn

int t,w. I;

char nodeType;

struct vn “"searchPrev, "searchNext;
float searchPist;

int searchMarker;

EdaeList eedaetist;

struct vn ’pathFrom, ‘“pal.liTo;

struct: vn *rrev, "next;

I VERTEX NODE; -

class VertexList
1
public:
Vertex!. ist()
"VertexList(Q;
void AddToSearchList(VERTEX_NODE");

VERTEX NODE* SuildNewVertox(int,int,int.chaf);

Int Cal.-Rohot.Oir (VERTEX NODE?”);
void tVIAIl IVertices(votii) ;

void DelVertex(VERTEX_NODE*);

int FIndPath(void);

VERTEX NODE®" FindVertex(int, int, int);
VERTEX NODE®" GetFimt Vertex lvoid) ;
VERTEX NODE™ net:(™alV/~ilex (void);

VERTEX NODE" “meitNextVer tex (VERTEX NODE*);

«

“I\n”;



int GetSearchMarker(void) ;
VERTEX NODE* GetStartVertex(void)
void InsertAllVertices(void);
void InsertNewVertexfVERTEXNODE™*) ;
void LiatAllVertices(int);
void LIstSearchList(Int);
// void MoveRobot(int, int, int, int);
void MarkPath (VERTEX NODE») ;
void RemoveFromSearchList(VERTEX NODE*);
void RemoveVertex(VERTEX NODE™*);
void TrimSearchLIst(void);
private:
VERTEXNODE* vertexHead;
VERTEXNODE* searchHead;
int searchMarker;
float searchTrimDi3t;

// vertex.cpp
einclude <ioatream.h>
linclude <fstream.h>
einclude <stdio.h>

eInclude <conio.h> // tor getchO
8include <alloc.h> // for coreleftQ
~Include <stdlib.h> /] for itoal)
eInclude <string.h> // for strcpyO

eInclude "edge.hpp™
»include “"vertex.hppIl

VertexList::VertexList(Q

vertexHead - (VERTEX MODE*)NULL;
searchHead - (VERTEX_NODEMNULL;
searchMarker - O0;
searchTrimDist. * -1.0;
cout « "Initialised Vertex cla33\n";

VertexList::~VertexList()

cout « "VertexList destructor start-"- n";
DelAllVerticesO ;
cout « "VertexList destructor ended:\n";

void VertexList: :AddToSearchList(VERTEX_NODE"a)
VERTEX_NODE *tmp;

if (@ — (VERTEX_NODE*)MULL)
return;

if (((*a).searchPrev !- (VERTEX MOPE*)NULL) // if already

Il (Ca) .searchNext !- (VERTEX_NODE*) MULL)) // list, dont
return;

if (searchHead - (VERTEX NODE*)NULL)
searchHead - a;
a->pathFrom - a->pathTo - (VERTEXNODEe)NULL;
a->searcht"rev » a->searchMext - a;
return;

for (tmp = searchHead;tmp !- (VERTEXJiODE*)NULL;)

if (a->searchDist <- tmp-~fearchDist)
1
a->searchPrev » Imp->s9archfrev;
a->searchNext - tmp;
tmp->searchPrev - a;
tmp « a->searchPrev;
tmp->searchNext - a;
if (searchHead - .1-,"."searchNext)

searchHead - a;

return;

if (t:mp->searchNext -« -searchHead)

1
a->searchPrev ~ Ll.mp;
l-~rsearchNext - ."jearohllead;
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tmp->searchNext - scatchHo’i: searchPrev - a;

return;

tmp - tmp->searchNext;

else
[

VERTEXNODE* VertexList::BuildNewVertex(Int t, int w, int 1, char nodeType)

VERTEX_NODE -newPtr;

newPtr - (VERTEX_NODEe)farcallocfl, sizeof(VERTEXJiODE));

tf (newPtr — (VERTEX_NODE*)NULL)
cout « "FarcallocO failed in Bui ldNewVertex! \n";
getchO ;
exit(0);

("newPtr).t « t;

(C’newPtr) -w - w;

(*newPtr).1 - 1;

(#newPtr).nodeType = nodeType;

(“newPtr) .edaeList - new EdgeListl);

(enewPtr) .pathTo - (*newptr) .pathFrom - (VERTEXNODE*)NULL;
(“newPtr).searchDist » 0.0;

(*newPtr).searchPrev - (*newptr).searchNext = (VF.RTEX_NODE*) NULL;
(“newPtr).prev - (“newPtr).next - (VERTEXJIODE*) NULL;

if (nodeType «- START)

(enewPtr)-searchMarker m searchMarker+l1;
AddToSearchList(newPtr);

else
(*now?tr).searchMarker = searchMarker;

return (newPtr) ;

void VertexList::DelAllVerticesO

/7
//

//

while (vertexHead I1- (VERTEXNODE*)NULL)

cout « "About to delete (7 « vertexHead->t « ",* « vertexHead->w ;
cout « LI« vertexllead->i « ") at addr: “ « vertexHead ;
cout « " Prev:” « vertoxHead->prev « ": Next:” « vertexHead->next

DelVercex(vertexHead);

void VertexList::DelVertex(VERTEXNODE ™todie)

//
//
/7
//

/1
7/
V74
V4
V4
1/

VERTEX NODE -tmp;
EDGE_NODE»a;

if (todie — jVERTEX NODE*)NULL)
return;

tor (a - todie->oduoLint-MletFir3t.EdgeO
a “KDGE_NODE*1 NULL;
1 m todie->edgeList->GetFirstE«Joe0)

todi-->->ed<ieList->LlelE<I<ieToVortox(a->t, a->w, a->1);
imp - FindVerrex(a->t, a->w, a->1);
if ftmp 1- (VERTEX NODE*)NULL)

imp->edoeLi5t->DelEdaeToVertex(todi9-">t, l.odie-"-w, todie->1);

Imp- (VERTEX NODE*)(a->otherVertex);

cout "On vertex (" « todie-.-t « "," « t.odie->w «

cout todie->i « "):Del edae to (" << tmp->t « ",” « tmp->w <<
cout << tmp->1 « ")\n";

cout << "todie at:” « todie << ", a at,:' « < << "\n";

cout « " tmp at:" « tmp « "Vn"-;

t.odie-"ediiehi3t-">1V>1 EdgeToVertex ((void*) tmp) ;

cout <= "On vertex (' << tmp->t *m Y« tmp->w <<

cout < tmp->1 ”):Del odfje to << iodie->t « "« todie->w «

couf <e todie->1 JAN™;
tmp->eilaebi3t->1H>1EdgeToVertex( (void*) todie);

«"\n";



|
delete todie->edqgelist;
RemoveFromSearchList (todie);

if ( {Ctodie) .prev — (VERTEX NODE"*)NULL)
<i (Ctodie) .next -- (VERTEX NODE*) NULL) )
vertexHead - (VERTEX NODE4)NULL;
free(todie);
return;
if ( (Ctodie) .prev I- (VERTEX NODE*) NULL)
ii (Ctofie) .next !- (VERTEXNODE*)NULL) )
trap “ (*todie).prov;

(*tmp) .next -« Ctodie) .next;
trap - (*todie).next;

Ctmp) .prev - Ctodie) .prev;
freeftodie);

return;

if ( (Ctodie) .prev — (VERTEX NODE*)NULL)
Si (Ctodie) .r.ext 1- (VERTEX_NODE*)NULL) )

vertexHead - tmp - Ctodie) .next;
Ctmp).prev - (VERTEX_NODE*)NULL;
free(todle);

return;
if ( (Ctodie) .prev I- (VERTEX MODE*)NULL)
££ (Ctodie) .next — (VERTEX NODE*) HULL) )

tmp » (“todie).prev;

ctmp).next = (VERTEXJJODE*) NULL;
free(todie);

return;

int VertexList: :Fir.S?athQ

//

EDGE NODE <?.»

int ijoalFouna-FALSF.;

float dist;

VERTEX_NODS -:ur, *adj, *de3t, *tl, *t2;

if (searchHead->nodeType — START)

searc.-.Marker - 3earchHead->searchMarfcer;
else

returnjFALSE);

tl - GetStazZiVertex Q ;
t2 - GatGoalVertex():

if ((tl != jVERTEX NODE*)NULL)
SS (t2 1= (VERTEXNODE*)NULL)
ss tl->y — t2->w
« Et|->_| —->

|
tl->pathTo - t!;
return(TRUE);

for (cur « J’lrchHead; cur I (VERTEX MODE*)NULL; cur
if ; ir->searchDist >* searciiTrliHDist)
«« (i?arcl»TrimOist > 0.0))
1
RemoveFromSearchList(cur);
continue;
1
for(e <« cur->edaelLlst-x;et FirstEdoeO
e 1- (EDGE_NODE*)NULL;
e - cur->edgelLlst->GetMextEd<ie (e))
1
adi = FindVertex(e->t, e->w, «->1);
if (adj »- (VF.RTEX_NODF.*)NULL)
continue;

adj - (VERTEXNODE*) e->otherVertex;
dist - cur-’searchDist » o-xliat;
if ( (ndi->searchMarker !- searchMarker)

1l ((a<l}->3earchMarker :>earcMMarker)
££ (adi->nearcMDi3t > -list)) )

searchllead)



it ((dist <* searchTrimDist)
Il (searchTrimDist <= 0.0})

adj->pathFrom - cur;
adj->searchMarker - searchMarker;
adj->searchDist - dist;
AddToSearchLisC(adj);

if (adji>nodeType —  GOAL)

goaiFound - TRUE;
searchTrimDist - dist;
MarkPath(adj);
TrimSearchListO;

RemoveFromSearchList(cur);

return(goaiFound);

VERTEXNODE* VertexList;:FindVertex(int t, int w, int 1

VERTEXNODE* cur;
tor(cur - GetFirstVertex(Q;

cur 1- (VERTEX_NODE*)NULL;
cur - GetNextVertex(cur))

if ((cur->t ~ ©
it (cur->w -- w)
is (cur->1 - U)
return(cur); // found it

if ((cur->t >» ©
(cur->w >« w)
it (cur->1 >« i))
break; Il passed it - it"s not in the list

return! (VF.RTEX_NODE*)NULL) ;

VERTEX NODE* VertexList:jGetFirstVertex(Q

return(vertexHeaa);

VERTEX MODE* VertexList::GetGoajVertex(Q
VERTEXNODE™* tmp;
forttmp - GetFirstVertexO;
Crop I- (VERTEX NODE*) NULL;

Cmp - GetNextVertex(tmp))

if (tmp->nodeType ** GOAL)
break;

return(tmp);

VERTEX NODE* VertexList::GetNextVertex(VERTF~X NODE"cur)

return (cur-i-next) ;

int VertexList:Sea rchMarker Q

return(seatchMarker);

VERTEX NODE* V»i texList: :<;etStnrtVert«>x Q

VERTEX NODE"tmp;
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for(tmp = GetFirstVertex{);
tmp 1= (VERTEX_NODE*)NULL;
tmp = GetNextVertex(tmp))

if (tmp->nodeType == START)
break

return(tmp)

void VertexList: :InsertNewVertex (VERTEX__NODE*a)

VERTEX_NODE *cur;

if (a == (VERTEX_NODE*)NULL)
return;
if (vertexHead == (VERTEX_NODE*)NULL)
vertexHead = aj;
{*a).prev * (*a).next = (VERTEX_NODE*)NULL;
return;
for(cur=vertexHead; cur != (VERTEX_NODE*)NULL; cur=(*cur)-next)

if ( (a->t > cur->t)

1] ((a~>t == cur->t)
ss (a->w > cur->w))
I[ ((a->t == cur->t)
&& (a->w cur->w)
&& (a->1 > cur->1)) )
( // insert after cur
if ((*cur).next == (VERTEX_NODE*)NULL)
(*a).next = (*cur).next; // eol - append new node
(*a).prev = cur;
(*cur).next = a;
break;
else
continue; // get next node

if ( (a->t < cur->t)

11 ((a->t == cur**>t)
(a-->w < cur->w) )

11 ((a->t == cur->t)
ss (a-m>w == cur->w)

& (a-> < oco=">
// insert before cur

f (cur->prev == (VERTEX~NCDE+#)MULL)
a->prev = (VERTEX_NODE+)NULL;// at start of list
a->next = cur;
cur~>prev = aj;
vertexHead = a;
break;
else
a->prev = cur->prev? // in middle/end of list
a->next = cur;
cur->prev = aj;
cur = a->prev;
cur->next = aj;
break;
if ((3->t == cur->t)
Si (a->w == cur->w)

& (a->1 =*= cur->1))

1 // insert after cur at eol
if ((*cur).next == (VERTEX_NODE*)NULL)

(*a).next = (VERTEX_NODE*)NULL;

(*a).prev = cur;
(*cur).next = a;
break;

else
continue;
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// AddToSearchList(a);
// cout « "Inserted vortex (;
// cout « Ca).t « « fa).w « ", o« (fa).l « “I\n~7;

void VertexList::ListAllVertices(int debugFlag)

char tmp(256);
f3tream debugFile;
VERTEXNODF. “cur;

strcpy(tmp, “List of all nodes in list\n");
cout « tmp;
if (debligFlag)

debugFile.open(DEBUG_FILENAME, 1ios::app);
debugFile.write(tmp, strlen(tmp));
debugFile.clo3e()>

for(cur=vertexHead; cur 1 (VERTEXNODE*)NULL; cur=cur->next)

sprintf(tmp, "Vertex: iSc: at ¥»d, %d, %d) \n",

(=cur).nodeType, (*cur).t, (»curj.w, (*cur).l);
cout « tmp;
if (debngFlag)

debugFile.open(DEBUG_FILENAME, 1ios::app);
debugFile.writeftmp, strlen(tmp));
ciebugFile.close();

cur->eagelList->ListAllEdges(debugFlag);

void VertexList::ListSearchListtint debugFlag)

char tmp(256);
fstream debuoFiie;
VERTEX_NODE*CUr;

if (searchHead - (VERTEX NODE*)NULL)
sprinti (tmp, "Empty SearchListi (marker=%d)\n", searchMarker);
coat «  tmp;

if (debugFlag)

debuuFile.open(DEBUG FILENAME, ios::app);

debuaFile.writettmp, strlen(tmp));
dlebugFl e.closet) ;
return ;

sprintfttmp, "List of nodes in Search list (roarker=»d)\n", searchMarker);
cout « tmp;
if (deblinlag)

debugFile.openiDEBUGFILENAME, ios::app);
debugFile.uri te(tmp, strlen(tmp) );
debugFile.closel!);

cur - searchHead;
do I

sprint:jtmp, "SearchList node TTd,ld,td) Di3t ~ If",
cur->t, ci;r-:w, ouc->l, cur->searchDiat) ;
cout «  tmp;
if (debLinlag)

debugFile.open (DEBUG FILENAME, 1ios: :app) ;
debugFile.write(tmp, strlen(tmp) );
debugFile.closed ;

cur-cur-"-snarchNext ;

while (cur I searchHead);
strcpy(tmp, "End et SearchListNn");
cout « tmp;

If (debLinlag)

dobuqFlle.open(DEBUG FILENAME, ios::app);
rlebugFi le.wr Ito (tmp, .strlen (tmp) );



debut!File .

close Q ;

void VertexList::MarkPath(VERTEX_NODEev)

/7/

VERTEX_NODE*tmp;

if (v — (VERTF,X_NODE*)NULL)
return;
cout « "Path from Goal to start\n";
v->pathTo - <VERTEX_NODE*“)NULL;
do |
tmp - v->pathFrom;
cout « (7 « v->t « «
if (tmp !'- <VERTEX_NODEMNULL)
tmp->pathTo - v;
v - v->pathFrom;
while (trap != (VERTEXNODE*)NULL) ;

V->W «

void VertexList::RemoveFromSearchList (VERTF.X_NODE*a)

VERTEXNODE “cur;

if ((a->searchPrev

«=

(VERTEXNODE*)MULL)

I (a->searchNext *wm (VERTEX_NODE*)NULL))

if (searchHead - a)

searchHead =
return;

(VE

cur”a->searchPrev;
If (cur - a)

searchHead - (VERTEXNODE*)NULL;

cout « "Removed Search Node (;
cout « a->t « LT« a->w o« 7,7« a->l o« ™).
else

RTEXNODE*)NULL ;

cur->searchNext ® a->searchNext;

SearchList emptyNn™;

cur » a->searchNext;
cur->searchPrev =
if (searchHead - > a)

a->searchPrev;

// cout «

searchHead -

a->seaichlJext;

/7

void VertexList::RemoveVertex(VERTEX NOPE

cout « a->t « >
1

a->searchPrev -

a->searchNext -

"Removed Search Node (7;

« a->w « . « a->1

<l1~odie)

VERTEXJOTDE ee.mp;
if (fcodie — (VERTEX_NODE*)NULL)
return;

RemoveFroiiuJearchList (todie);

if ( (Ctodie) .prev.
Ik (ctodie) .next —

vertexHead -

(VERTEX NODE*)NULL)
m (VERTEXNODE*)NULL) )

(VKRTEX_NODE*)MULL;

return;
if ( (Ctodie) .prev I- (VERTEX NODE*) NULL)
ii (Ctodie) .»ext !” (VERTEX_NODE*)NULL) )

tmp " Ctodie) .prev;

C tmp). next - Ctodie) .next;

imp - Ctodie) .next;

(=tmp).prev = Ctodie) .prev;

return;

« Tyan;

(VERTEXNODE*)NULL;



if ( ((*todie) .prev = (VERTEX__NODE*) NULL)
& ((*todie).next 1= (VERTEX_NODE*)NULL) )

vertexHead = tmp = (*todie).next;
(*tmp).prev - (VERTEX_NODE*)NULL;
return;

if ( ((*todie).prev != (VERTEX_NODE*)NULL)

((*todie).next == (VERTEX_NODE*)NULL) )

tmp = (*todie).prev;
(+tmp) .next = (VERTEX_NODE*)NULL;
return;

void VertexList::TrimSearchList()

VERTEX_NODE *cur, *tmpPtr=(VERTEX_NODE*)O0;
int trimmed=TRUE;

ft cout « "Trimming search list to " « searchTrimDist « n or less\n"
if ((searchHead == (VERTEX_NODE*)NULL)
Il (searchTrimDist < 0.0))
return;

cur = searchHead;
while (itmthr = cur) 1! (trimmed == TRUE))

if (trimmed==TRUE)

tmpPtr=cur;
trimmed=FALSE;

if ((+cur).searchDist >= searchTrimDist)

11 cout « "Trimmed out (";
Il cout « cur->t « « cur->w « « cur->1 « ) n;
11 cout « "Dist was " « cur->searchDist « "\n";

if (cur == cur->searchNext)

RemoveFromSearchList(cur);
break;
>

else
tmpPtr = cur->searchNext;
RemoveFromSearchList(cur);

cur = tmpPtr;
trimmed = TRUE;

cur = cur->searchNext;

B.10. Partial Update A* Graph Theory

The Partial Update A* Search Algorithm far Graph Theory which was developed and implemented as
part of this project was coded in ANSI C++. The filenames for each of the separate source code files were
supplied inside C++ format comments (i.e. //) at the beginning of each file listing. A detailed explanation

of the design behind this program was presented in Chapter 4.

/1l main.cpp

dinclude <iostream.h>
«include <fstream.h>
Ainclude <stdio.h>

$include cconio.h> /1 for getch()
jinclude <alloc.h> /1 for coreleft()
include <stdlib.h> /1 for itoa ()
ifinclude <string.h> /1 for strcpy()

Unclude <sys\tirneb. h>
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(include <dir.h>
einclude <ctype.h>
(include "edge.tlpp”
linclude "vertex.hpp™
»include "object.hpp”
(include "domain.hpp™
»include "bench.hpp™

(define KAPFILE_MASK "MAP-_DAT"

int main(int, char**);
void BulldUpdateListFromOomain(VertexLists, VertexLists, Domains);

void BulldVertexListFromDomain(VertexLlots, Domains);

void FindAllEdges(VertexLists, Domains);

void FindF.dgesForUpdateNode(VERTEX_NODE*, VertexLists, VertexLists
int MemSt._atus(char*) ;

void MergeLists(VertexLists, VertexLists, Domains);

int SetWorkingDir(void);

void RenameMapFilefchar*);

int main(int arqc, char** arqv)

char* shortName;
struct ffblk mapfile;

for(s)
shortName - strstr(arqvf0o], "\\");
if (shortMame «* fuhar*)NULL)
shortName - argv(0);
cout « "This is " « shortName « "\n";
break;
else
arqv(0] = shortMame* 1;
Tt
itemStatusCFree memory before mainloop in main: ™);

ir (!SetWorkingDLr())

cout << "Program exiting gracefullyWw;
return(l);

if (CIndf irst(MAPFILF._MAdK, sSmapfile, 0))

cout « "Program exiting gracefully -
return(l);

do
I

char tmp(256);
int I

benchmark stopwatch(shortName);

sprintf(tmp, "Starting on (s: ", mapfile.ff name);

MemSta tus (tmp);
for (i-Q; i-CNUMTIMES; i+t)

lilt timeTaknn;
float distTravelled;

Domain theWorld(10, 20, 20, map!lle.fi name);

VertexList vertList, updateUst;

timeTaken - 0;

distTravelled - 0,0;
stopwatch.ltecStart(l, mapfi le. (f_name);
stopwatch.Click O;

fluildVertexListFromboroain(vertList, theWorld) ;

FindAHEdges{vertList, theWorld);
for(:s) |
int pathFoundFlag, qoalFoundFlaq, a,

float dist;
VERTEX NODE <tli

stopwatch.Click 0;
theWorld.DrawDoma ini);
stopWatch.Clickl);

path FeundFlag “m v<>rtLi.;t.findPathoO ;
stopwatch.Click(Q;
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Domains);

no map files found\n";
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if (pathFanfidFlag == TRUE)

cout « "Path found to the GOAL1";

cout « " (dist=" « distTraveiled « ")\n";
else

cout « “No path found to the GOAIl,!";

cout « 7 (dist-" « distTraveiled « ")\n";

tl = vertList.GetStartVertexO ;
if (pathFoundFlag)

- tl->pathTo->t;
- tl->pathTo->w;
- tl->pathTo->1;

else
- (tl->t)+1;

- t]->w;
- tl->1;

T D o ) T 0

— )

goal FoundFlag - theWorld, MoveRobot (tl->t, 11-»", tl->I,

distTraveiled +« dist;
timeTakent+;
1f (goaIIFoundFlag)

cout « “MADE XT TO THE GOAL! \n”;
break:

theWorid.AdvanceTime(Qi

stopwatch.ClickQ ;

Buildl.!pdateListFromDofflain(vertl,ist, updatelList, theWorld);
MergeLists(vertList, updatelList, theWorld);

stopwatch. IteriStop (timeTaken, distTraveiled)

stopwatch.LoaCalcs i);
RenameMapFllelmapflle.£f_narool;

while (1findnext(smapiilo));

Memstatus("Free memory after mainloop in main: ”);
return(01;

BuildUpdateListFromDomaintVertexList »vList, VertexList iuList, Domain idomain)

char type:

int t-domain.GetDomainTimeSlicesO , a;
int W“domain.CetDomainWidth(), b;

int 1-domaln .GetDoma lnLength (), of
VERTEXNODE"newPtr;

for(a=0; a<t; at+)
1
for(b”0; ij<w ; b+*i
1
for(c=0; c<I! c(+)
1 —
type - domain.GetPointTypefa, b, c);
if 1(lype - VERTEX)
11 (typo — START)
fl (type *3» (MAL,))
1
VERTEX NODE etmpv, etmpu:

tmpv » vList.FindVerte."t (a, b, ¢©) ;
tmpu = uList.FindVertexfa, b, c);

if (('tmpv)
fts (!tm;iu)(

n»wPtr - ul.ist.Bui IdNewVertex (a, b, c, Lype);
uList.InriertNewVortex(newPtr) ;

eont Intie;

1
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i£ ((tmpv 1=
£S (tmpv->nodeType

if ((tmpu 1I=
1tBipu->nodel “ype 1=

is

else

VERTEXNODE

Vv

1/ (vi=

Y
if (v

«

vLIst.FindVertexta,

uList_FindVertex(a,

(VERTEX NODE*(NULL)
I« type))
7List.RemoveVertex (tmpv) ;
viList.DelVertoxftmpv);

newPtr uList.BulldNewVertex(a,
UList.InsertHewVertex(newPtr);
continue;

1

- b, type) ;

c,

(VERTEXNODE*)NULL)
type))

uList.RemoveVertex(tmpu);
uList.DelVertex(tmpu);

newPtr " ulList.BuildNewVertex(a,
uLiat.In3ertNewvertex(newPtr);
continue;

b, ¢, type);

*v;

b,
(VERTEXJJODE*) NULL)
1

EDGE__MODE*e;

c);

- v->edgeLi3t-X3eti irstEdge() ;
e 1- (EDGE_NODE*)NULL;
0 » v->edgelLi3t->GetNextEdge(e))

for(e

VERTEXNODE™* v2;

» vList._FindVertex(e->ti e->w, e->1);

(VERTEXNODE*)NULL)

v2
if (v2 t=

vLIst. RemoveVertex(v2) ;
uList.InsertNewVertex(v2);
v2->edgeList->DeiAllEdges();

vList.DelVertex(v);

b, ¢);

I- (VERTEX_NODE*) NULL)

t
ul
1

ist.DelVertex(v);

void RuildVertexListFromDomain(VertGxLi3t ivList, Domain idomain)
t
char type)
int t-"domain.GetDomainTimeSlicesO, a;
int w*domain.GetDoiaai I<ith ., b;
Int I-riomaln.”etComaitiLength ), c;
VERTEX MODE"newPtr, *«Ptr, *aPtr;
for(gPtr - sFtt - (VERTEX NODE*)NULL, a«0; a<t; a++)
for(b-0; b<w; b++)
1
for(c-0; c<l; eft)
1
type « domain.GetPointTypeta, b, c);
Lf ((type - VERTEX)
11 (type START)
Il (type =» "»AD )
1
newl’tr - viList.HulldNewVertex(a, b, c, type);
viciat. Inserf_NewViirtex(newPtr) ;
1
IF (type — GOAL)
tfPtt " newPtr;
If (type — START]
lleir = newPtr;
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|
if ((gPtr 1- (VERTEX NODE*) NULL)
Si UPtr 1- (VERTEX_HODE*)NULL) )

3Ptr->searchDist “ 0.0;

sPtr->estDist - vlList.CalcEstlmacedDist(sPtr->w, sPtr->1, gPtr->w, gPtr->1);

vLI3t.AddToSearchLIsU(sPtr);

void FindAllEdges(VertexList svList, Domain «domain)

EDGE_NODE*e;
VERTEX_NODE “a, “b;
float dist;

forfa - vLIst.GetFlrstVertexf);
a 1- (VERTEX__NODE“)NULL;
a - viist.GetNextVertex(a))

forlb » vList.Gel"NextVertex (@)
b 1- (VKRTEX NODF.*)NULL;
b = vList.GetNextVertexfb))

if (@a:-»m b)
continue;

if ((a->t =- b->t)
Si (a->w —m b->w)
« (a->1 - b->1))

continue;

dlIst - domain.CheckLine(a->t, a->w, a->1, b->t, b-JW, b->1);
if fdist > 0.0)

0 * a->Qd(jeList->aiiildNcwEdge{b->t, b-*w, b->1, dist) ;
a->edgeList->InsertNewEdge(e);

dist - domain.Checid..ine(b->t, b->w, b->I, a->t, a->w, a->1);
if (dist > 0.0!

q - b->edoeList->BuildNewEdge(a->t, a->w, a->1, dist);
b->cdgeList->tnsertNewEdge(e);

void FIndEdgesForUpdateNode (VERTEX NODE“cur, VertexLlst svList, VertexLIst iulLlst,

EDGE_NODE*e;
VF.RTEX_NODE“a;
float dlst;

forfa - vlList.Getfc"irstVertexfl;

a !- (VERTEXJJODE*)NULL;

1 - vList.GetNextVertex(a))
if (@ =- cut)

continue;

If ((a->t - cur->t) — -
is (a->w «= r:ur->w)
Si (a->1 ciir-m))

continue;

dist - domain.CheckLine(a->t, a->w, a->i, cur->w, cur->1);
if idist > 0.0)
e «< a->edgeLi3t->BiiildNewEd(jefcur->t, cur->w, cur->i, dist) ;
a->edgolL ist->tnser t:NewEdqQ(e);
Tt
dist - domain.CheckLine(cur->t, cur->w, <:ur->I, a->t, a-:-w( a->i);
if (dist > 0.0)

e - car->*»dg»List->BiiiidHpwEdge(a->t, a->w, a->1, dist);
cur->e<lgelilst->InsertNewEdge(e) ;

Domain

idomain)



"orla - ulLlst.GetFlrstVertexO
A 1- (VF.RTEXNOUEMNULL;
ai - uList.GetNextVertex (a))

if @“ curi
continue;

if ((a->t cur-~t)
li (a->w =- cur->w)
ss (a->1 - cur->i))

continue;

dist = domain.CheeKLina(a->t, a->w, a->l, cur->t, cur->w, cur->1);

Lf (dist > 0.0)

e — a->edgeLlst->BuildNewEdge(cur->t, cur->w, cur->1, dist);
a->edgelList->InsertNewEdge(e);

dist - doniain.CheckHne(cur->t, i;Ur->w, cur->1, a->t, a->w, a->l)i
tf (di3t > 0.0)

e - CUr->edqeL13t->BUildNewEdge(a->t, a->w, a->l, diati;
cur->edgeLiat->1n3er tNewEdge(e);

int MemStatus(char *StatusMes3aqe)

char t:nip[256] ;
fstream debugFile;
long MemLeft;

Int ret;

debugFi le.open("DEBUG.LOG™, 1ios::app);
tf (IdebugFile)
colut « “"Unable to open DEBUG.LQGVNn™;

MemLeft - (long) coreleftO;

3printf(trap, “tsild\n™, StatusMessage, MemLeft);
debugFlle.write(tmp, strlen(tmp));
riebuyFlle.closeQ ;

/7 cout « StatusMessage « MemLeft « ™\
ret “ farheapcheckl);
u (ret — KEAPOK)
cout « "Heap ok™ « StatusMessage « "\n";
else
cout « "l-ieap error <" « rat « ">“ << StatusMessage« "\n";
getch Q;

return(FALSE);

return(TRUE) j

void MergeLists(VertexList «vList, VertexLlIst JuList, Domain «domain)
VERTEXJMDE* cur;
for (curatiList .GetFir3tVertex ) ;
cur ' - (VERTEX NODE*)NULL;
eur-uList.GetFirstVertex(Q)
uLi3t.RemoveVertex(cur);
FindEdgesForUpdateNodetcur, vList, ulList, domain);

vL13t.InsertNewVsrtex(cur);

cur - viist.GetStartVertex();
if (cur I- (VERTEXNODE*)NULL)

cur->searchMarker - vl.ist.GetSearchMarlterQ i 1;
vLi3t.AddToSearchL.ist (cur) ;

Int SetWarkingDir Q

char mapdir[256);



cout «"Enter the directory containing map files, or V- qV for quit:";
cin » mapdir;
if (touilper(mapdir[o)) - QM)

cout « “Quitting..,\n";
return(FALSE);

i£ (chdli r(mapdir))

cout « "The directory ” << mapdir « ™ could not be found.\n";
return (FALSE);

cout « “"Made 7 « mapdir « ” the current directory.\n";
return(TRUE);

void RenameMapFile(char*filenaroe)

char neufilename]128);
char* chi
int i-Cint)".";

strcpylnewfilename, filename);
ch * 3trcctic (newf llenaroe, 1) ;
if (ch !- (char*)NULL)

strcpy(ch, ” .bak™);
rename (filename, newfilename);

else
exit]1};

/! bench.hpp

»define FALSE 0
»define TRUE IFALSE
»define NUMTIMF.S 10
(define MAXFILENAME 13

class Benchmark

public:
Benchmark(char m);
"Benchmark 0 ;
void click(void);
void IlterStart(int, char*);
void lterSLop(Int, float);
void LogCalcs(void);
private:
void Diff(struct timeb*, struct timeb*, struct timeb*);

fstream logf-ile;

fstream avgFlle;

char rnapFileName(MAXFILENAME);

struct timeb benchmarks[NUMTIMES1[21;

float distRobotTravelled(NUMTIMES];

int timeTaken(NUMTIMES);

int currentlter;

int clickToggleFlag;

struct timeb elapsedTime, computeTime;

struct timeb startTime, cllickOnTime, clickOtfTime;

// bench mxpp

»include <io3tream.h>
»include <fstream.h>
»include <stdio.h>

»include <alioc..’i> // for core left!)
1lnclude <stdlib.h> // for itoa Q
»include <string.h> // for strcpy Q

»include <3ys\timeb.h>
»Include "bench.hpp"
Benchmark: :Benchmark{char “fileNamel

char *tmp;
char logname[MAXFILENAME];

while)(trnp » atrchr(fileName, *“\\")) I* (char*)NULL)

fileNatne = tmp+1;
strcpy(lognarae, fileNaiae) :
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strchr(iogname,
".LOG™);

if ((tmp -
strcpy(tmp,
else
strcat (logname,
logFile.open(logname,
If (!logFile)
cout «

" LOG™) ;
ios::app);

"Unable to open

if (ttmp -
strcpy(tmp,

strchr(logname,
" AVG");

)

else
strcat (logname,
avgFile.open(logname,
if (iavgFlle)
cout «

" .AVG™);
io3::spp);

"Unable to open

cout «

Benchmark::-BenchmarkQ

it (iogFIIIe)

logFile.flush O;
logFile.close();

if (avgiile)

avgFile. flush<>;
vgFile.close();

cout « "Closed

vo id Benchmark::Click(Q
Switch(ﬁlickToggleFlag)

case TRUE:

« (chat*)NULL)

« logname « "\n”;
17 (chat*)NULL)
« logname « "\n";

"Initialised Benchmark classvn";

log files and Destroying Benchmark clas3\n";

ftime(icllckOnTime);

clickToggleFlag -
break;

case FALSE!

default:

FALSE;

ftime(iclickOffTime);

Dif£ (iclickOnTime,
clickToggleFlag

void Benchmark::Diff(struct timeb*start,
if ((*stop).millitro <

(estep).millitm +-

i“start).time *- 1L;
Cdiff) . millitm +-
(*diff).time +-
<*diff).millitm
i*diff).time +-

»-

(short)1000;

void Bei]chmark: MterStart lint i, char*3)

currentlter * 1;

clickToggleFlag - TRUE;
computeTime.time =
compur.eTime.millitm -
strcpy(mapFileName, s);

ftime(istattTime);

void Benchmark::lterStop(int t,

struct timeb stopTlme:

«clickOffTime,
- TRUE;

(short)1000;

("stop).millitm -
(long) (C*dIff) .milllLm 7/ (short)1000);

elapsedTime.time -
elapsedTime.ml 11itm -

icomputeTime);

struct timeb*stop, struct timeb*diff)

(start) .millita)

/= carry when subtracting, stops*/
/+ negative wraparound problems!*/

(“start) _millitm;

((“¢toD) .time-(“start).time);

oL;
0:

float dlIstTravelled)
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ftime(sstopTime);
Diff(sstartTime, istopTime, ¢elapsedTime);

benchmarks [currentiter][0].time = elapsedTime.time;
benchmarks[currentlter][0].millitm = elapsedTime.millitm;
benchmarks[currentiter][1]-time = computeTime.time;
benchmarks[currentlter][1].millitm = computeTime.millitm;
timeTaken[currentlter] = t;
distRobotTravelled[currentlter] = distTravelled;

void Bepchmark::LogCales ()

char tmp[256];
float avgDist;
struct timeb avg;
int i, avgTimeTaken;

for(i=0, avg.time=0L7 avg.millitm=0r avgDist=0.0, avgTimeTaken=0;
i<NUMTIMES;
ir+)

sprinti(tmp, "%s (%02d) Elapsed time:%051d.%03d\n", mapFileName, ir
benchmarks[i][0].time, benchmarks[i][0].millitm);

logFile.write(tmp, strlen(tmp));

sprinti(tmp, "%s (%02d) Compute time:%051d.%03d\n", mapFileName, i,
benchmarks[i][1].time, benchmarks[i][1].millitm) ;

logFile.write(tmp, strlen(tmp));

sprinti(tmp, "%s (%02d) Dist travelled :%f\n", mapFileName, i,
distRobotTravelled[i]);

logFile.write(tmp, strlen(tmp));

sprintf(tmp, "%s (%02d) Time Slices Taken:%d\n", mapFileName, i,
timeTaken[i]);

logFile.write(tmp, strlen(tmp));

avg.time+=benchmarks[i][0].time;

avg.millitm+=benchmarks[i][0].millitm;

if (avg millitm % 1000 != avg.millitm)

avg.time += (long)(avg.millitm / (short)1000);
avg.millitm %= (short)1000;

)

sprintf(tmp, "%s Tot. Elapsed time:%051d.%03d\n", mapFileName, avg.time, avg.millitm);
logFile.write(tmp, strlen(tmp))?

cout « avg.time « « avg.millitm « "\n";

cout « tmp « “\nn;

i = (int) (avg.time % (long)NUMTIMES);
avg.time /= (long)NUMTIMES;
avg.millitm += i * 1000;

avg.millitm /= NUMTIMES;

sprintf(tmp, "%s Avg. Elapsed time:%051d.%03d\n", mapFileName, avg.time, avg,millitm);
avgFile.write(tmp, strlen(tmp));

11 sprintf(tmp, "%s Avg. Elapsed time :%051d.%03d\n", mapFileName, avg.time, avg.millitm);
logFile.write(tmp, strlen(tmp));

for(i=0,, avg.time=0L, avg.millitm=0; i<NUMTIMES; i++)

avg.time+=benchmarks[i][1].time;
avg.millitm+~benchmarks[i] [1].ml 1litm;
if (avg millitm % 1000 1= avg.millitm)

avg.time += (long)(avg.millitm / (short)1000);
avg.millitm %= (short)1000;

sprintf(tmp, "%s Tot. Compute time:%051d.%03d\n", mapFileName, avg.time, avg.millitm);
logFile.write(tmp, strlen(tmp));
i = (int) (avg.time % (long)NUMTIMES);
ava.time /= (long)NUMTIMES;
avg.millitm += i * 10007?
avg.millitm /= NUMTIMES;
sprinti(tmp, "%s Avg. Compute time:%051d.%03d\n”, mapFileName, avg.time, avg.millitm);
avgFile.write(tmp, strlen(tmp));

11 sprinti(tmp, Mt Avg. Compute time:%051d.%03d\n”, mapFileName, avg.time, avg.millitm);
logFile.write(tmp, strlen(tmp));

for(i=0, avgTimeTaken=0; i<NUMTIMES; i++)
avgTimeTaken+=timeTaken[i];
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avgTimeTaken =
sprintf(tmp,
avgFile.write(tmp,
logFile.write(tmp,

for(i=0

, avgDist=0.0;
avgDist +=

avgTimeTaken / NUMTIMES;
"%s Avg. Time Taken:%d\n",
strlen(tmp));
strlen(tmp));

I<NUMTIMES; i++)

distRobotTravelled[i];

mapFileName,

avgTimeTaken);

avgDist = avgDist / ((float)NUMTIMES);
sprintf(tmp, "%s Avg. Dist Travelled:%f\n", mapFileName, avgDist);
avgFile.write(tmp, strlen(tmp))?
logFile.write(tmp, strlen(tmp));
sprintf(tmp, "%s =====================\n", mapFileName);
avgFile.write(tmp, strlen(tmp));
17/ sprintf(tmp, "%s mapFileName);
logFile.write(tmp, strlen(tmp));
// domain.hpp
»define FALSE 0
»define TRUE IFALSE
»define GOAL "G"
»define START fSf
»define OBJECT ~X*
»define ADJ_TO_OBJECT “x~
#define MOBILE__OBJECT *M~
#define CLEAR 7.7
»define VERTEX ~V©
»define BITMASK_TOP (int)0x08
»define BITMASK_LEFT (int)0x04
»define BITMASK_BOTTOM (int)0x02
«define BITMASK_RIGHT (int)0x01
»define BITMASK_CLEAR (int)0x00
»define FROM_FRONT O
»define FROM_BACK 1
»define FROMJLEFT 2
»define FROM_RIGHT 3
»define FROM~FRONTRIGHT 4
»define FROM_FRONTLEFT 5
»define FROM_BACKRIGHT 6
»define FROM_BACKLEFT 7
»define FROM_UP 8
»define FROM_DOWN 9
»define FROMJMOWHERE 10
»define NOCOST (float)0.0
»define NORMAL (float)1l.0
»define NORMAL_DIAG (float)1.414214
»define BLOCKED (float)1000.0
typedef struct
float dist;
int from;
char type;
float cost[9];
1 POINT;
class Domain
public:
Domain(int, int, int, char*);
-DomainQ;
void AdvanceTime(void);
float CheckLine (int, int, int, int, int, int);
void DrawDomain(void);
int GetDomainLength(void) [ return(domainLength); )
int GetDomainTimeSlices(void) ( return(domainTimeSlices) ; f
int GetDomainWidth(void) [ return(domainWidth); )
POINT* GetPoint(int, int, int);
float GetPointCost(int, int, int, int);
char GetPointFrom(int, int, int);
char GetPointType(int, int, int);
int IsPointClear(int, int, int);
int IsPointGoal(int, int, int);
int IsPointNearObject(int, int, int);
int IsPointObject(int, int, int);
int IsPointStart(int, int, int);
int IsPointVertex(int, int, int);
int MoveRobot(int, int, int, int, int, int, float*);
void SetPointFrom(int, int, int, int);
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void SetPointType(int, int, int, char);
private:
void AgeTimeSiices(void);
int CalcRobotDir(int, int, int, int, int, int);
int ClearAdjPointOK(int, int, int);
void ClearMobileObject(int, int, int);
void ClearVerticesInTimeSlice(int);
void DrawTimeSlice(int);
void InitTimeSlice(int);
void MarkMobileObject(int, int, int);

int
int
int

// domain.cpp

MoveMo eObject(OBJECT_NODE*);
MoveMobileObjects(void)
SetAdjoObjsInTimeSlice(int);
SetGoalFromFiie(char*);
SetMobileObjsFromFile(char*);
SetPermObjsiInTimeSlice(int);
SetStartFromFile(char*);
SetVerticesInTimeSlice(int);

void
void
void
void
void
void
void
void

ObjectList objList;
POINT** domainHead;

domainWidth;
domainLength;
domainTimeSlices;

#include <iostream.h>

#include <fstream.h>

#include <alloc.h> // for coreleft(Q

#include <stdio.h>

tinclude <stdlib.h> // for itoa()

~include <string.h> // for strcpy(Q

#include <conio.h>

#include "object.hppf

#include "domain.hpp"

Domain::Domain (int numTimeSlices, int width, int length,
int i;
cout « “Contructing Domain class\n™;
domainTimeSlices = numTimeSlices;
domainWidth = width;
domainLength = length;
cout « “FreeHeap:" « farcoreleftQ « "\n";
cout « “Amount needed for one timeslice:
cout « width*length*sizeof(POINT) « "Xn"

domainHead
if (domainHead

for(i=0

(POINT**)farcalloc(numTimeSlices,
(POINT**)NULL)

“Not enough memory to build model
(POINT***)NULL;
domainWidth

cout
domainHead
domainTimeSlices
return;

«

; dicnumTimeSlices; i++)

domainHead[ij

domainLength *

(POINT*)farcalloc(width*length,

char*mapFileName)

sizeof(POINT**)) ;

of world\n";

0;

sizeof(POINT));

cout « “"FreeHeap after timeslice allocated:” « farcoreleftQ « "\nn;
if (dom1inHead[i] == (POINT*)NULL)
if (i==0)
cout « "Not enough memory to build model of worldXn™;
else
cout « "Only enough memory to build " « i « n of the ™;
cout « numTimeSlices « " timeslices in model of worldNn";
domainTimeSlices = 1i;
break;

InitTimeSlice(i);
SetPermObjsInTimeSlice(i);

SetStartFromFile(mapFileName);

SetGoal
SetMobi
for(i

romFiie(mapFileName);
leObj sFromFile(mapFileName);
KdomainTimeSlices; i++)

SetAdjObisInTimeSlice(i);
SetVerticesInTimeSlice (i) ;
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£or (1-0;

cout «

I<domainTimeSlices-1;

Advancel!ime(Q;

“"FreeHeap after Domain allocated:” «

Domain::-Domain Q

/7/

POINT *tmp;

int

cout «

i++)

"Destructing Domain classvn";
if (domainHead <= (POINT*“)NUM.)

farcoreleftQ

« "™\

cout « “Not freeing domain - DomainHead was NULIAn";

return;

foc(i-0j KdomalnTimeSlicea;

tmp = domainHead!i);
farfree(Lmp);

Earfree(domainHead);
domainHead
cout «

ietch(ﬁ

“"FreeHeap after Domain deallocated:” «

- (PO

INT* )NULT;

void Doqain::AdvanceTimeo

/7/

AgeTImeSlices(Q);
DrawDomainf);

ClearVerticesInTimeSlice(domainTimeSlices-1);
MoveMobileObjectsO;
DrawbDomain{);

SetVert.ices InTimeS lice (doma inTimeS Ilce3-1);

DrawbDomainQ ;

i++)

|/|//////////////H///////H///H//H//N

[
/77
H
//
//
]
1
ft
1/
/7

1

copy the contents of every timeslice
into the previous timeslice

0] <-

Mi),

Leave the
routine will
the mobile objects.

Another
for all

A quick way to do this

[ <-

[2). etc.

last timeslice unchanged.

decide the moves

is moving ptrs

to the timeslicea and only copying the

contents of the

contents of the first timeslice

FAEEEEErre et r e e et rru el

void Domain::AgeTimeSlices(Q
Int i, j;
POINT “tmp;
tmp = domainHead(O];
for(i-0, j

int Domain::CalcRobptDir(int at,

domainHead 1i] -

-1; KdofnainTimeSlices-1;
domain!leadfjl ;

domainHeadldomain®l’imeSlices-11
fmemcpy(doma inHead(doma inTirneSl ices-1),
doma ittHead (doma inT imeSl Ices-21,
sizeof(edomainHeadldomainTimeSlices-1]));

int sw,

if (¢ 1spointstart (St., sw, si))
(Ispointtfcial (st, sw, si)))
return (clear);

if (tew -

ke

(si

- S

twH

sSw » 0>

i > 0)

s|t+;

if tilsPotntClear(st,

(1sl

nl.Vnrtex(3t,

sw,
sw,

last timeslice over the

tmp:

int si,

1+f, jf+)

int et,

B-321

int ew,

farcoreleft(Q «

int el)



Il (IsPointGoal(3t, sw, si)))
return(fxontright)i
else
return (clear) ;

EJ (lew - sw > 0)
Sio (el - Si o-- 0))

swf+;
1£ ((I3PointClear(3t, sw, si))
Il (IsfointVertextst, sw, sl)j
11 (IsPointGoal(st, sw, si)))
return(right)t
else
return(clear);

IX (lew - sw > 0)

i* (el - si < 01)
1
sSw*+, si-— ;
If ((IsPointClearlst, sw, al))
Il (IspointVertaxlst, sw, si))
11 (IsPointGoal(st, sw, si)))

return(backlight);

else

if (few - sw « 0)
is (el - si > 0))

return (clear) ;

1
Sl+4-i
if ((IsPolntClear(st, sw, si))
I (IsPointVertex(3t, aw, si))
I (IsPointGoal(st, sw, si)))
return (front);
else
return(clear);

if (few - sw — 0)

if ¢l - si = 0)

st (et - st > 0))
1
sSt++;
i£ ((IsPointClearfst, sw, si))
Il (IsPointVertex(3t, sw, si))
11 (IsFointGoalfst, sw, si)))

return (up) ;

else

1

if (few - sw -- 0)

ss (el - si < 0))
1
si—- ;
If (flsPointClear(at, sw, si))
Il (liFointVertexfst, sw, 31))
11 (IsPointGoal(at, sw, si)))

return(back) ;

return(clear);

else

)

if ((ew - sw < 0)

Si (el - si ™~ 0)}
1
aw— , sin-;
if ((isPolntClear(st, sw, 31))
Il (IsPointVertexlst, sw, si))
11 (IsPointGoal(st, sw, si)))

leturn(frontleft);

return (clear) ;

else

1

return(clear);
if ((«5W - 3w < 0)
si (el - si " 0))

sSwW-—;
if (lisFdintCleaj(st, sw, si))



Il (IsPointVertex(st, sw, si))

Il (IsPointGoallst, aw, si)))
return(left);

else

If ({ew - aw < 0)

4« (el -si < 0))
1
sw— , si- ;
if ((IsPolntClear(st, sw, si))
Il (IsPointVertexlst, sw, si))
Il (IsPointGoal(3t, sw, si)))

return(backleft);

return(clear);

else

return(clear);

return(clear);

float Domain: :Checl!l.Ine(int at, Int aw, int si, int et, int ew, int el)
1

// static int displayCounter-1;
int tmpt, tmpw, tmpl;
float dist;

for(dist-0.0, tmpt=et-st, tmpw*=w-sw, tnipl“el-sl;

(tmpt !« O1 11 (tmpw !- 0) || (tmpl 1- 0) ;

tmpt-et-st, tmpwtiw-sw, tmpl-el-sl)

1

if (tmpt < 0)

1

return(—l_o);
1

if ((tmpw > 0)
<6 (tmpl > 0))

dist i- GetPointCost (st, sw+*, si++, frontright);
if ((tisPointClear(st, sw, 3l))
is ((st et) 11 (aw !'= ewl 11 (si !- el)))
return(-1.0);
continue;

if ((tmpw > o)
ts (tmplI = 0))

dist t- GetPointCost(st, swt+,

1f {(tIsPolntClear(3t, 3w,

st ((st !'-et) I [sw !I-ewl 11 (si !- el)))
return(-1.0);

continue;
1
if [(tmpw > 0)
it (tmpl < 0))
|

dist |» GetFointCoat(st, Swtt, si- , racttright) ;
if t(!'IsPolntClear(st, sw, ill)
it ((st 1- et) I (swi- ew) Il (si 1= el)))

return(-1.0);
continue;

If ((tmpw < 0)
Si  ttmol > 0))
1

dist +* thetFointCost (sL, sw-— , sl+<, front left);
if (('IsPolntClear(st, sw, si))
ft ((st 1= et) Il (swd= ew) 1l (si ! el)))

return (-1.0) ;
Continue;
1
if ((tmpw < 0)

ft (tmpl - 0))
1
dist “"m GetFointCoat(st, sw- , si, left);
if (('laPointClearlst, sw, si))
ti ({st 1" et) || {sw !'- ew) N (si mel)))

return(-1.0) i
continue;

|
if ([tmpw < 0)
it (tmpl < 0)1
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/7

dist +=m GetPointCost(st, sw- , si—, backleft);

if ((!lsPointClear(st,
&& ((st 1= et) || (sw
return(-1.0);
continue;

if ((tmpw == 0)
(tmpl_ > 0))

sw, si))

1= ew) || (si 1= el)))

dist += GetPointCost(st, sw, Si1++, front);
if ((MlsPointClear(st, sw, si))

& £(st 1= et) Il (sw
return(-1.0)?
continue;

if ((tmpw — 0)
£& (tmpl_< 0))

dist += GetPointCost(st, sw, si-

1= ew) 11 (si != el)))

., back);

if ((MlIsPointClear(st, sw, si))

&& ((st 1= et) 11 (sw != ew)
return(-1.0);
continue;

11 (si 1= el)))

if ((tmpw == 0)
&€ (tmpl “ 0)
& (tmpt >0))
|
dist +- GetPointCost(st++,
if (('IsPointClear(st,
&& ((st = et) || (sw 1= el)))
return(-1.0);
30ntinue;
cout « "CheckLine:" « displayCounter++ « returned”

return(dist);

int Domain::ClearAdiPointOK(int t, int w,

void Domain::ClearMobileObject(int t,

char type;
int a,b;

for(a=w-1;a<=w+l;a++)

if (@< 0 |l (@ >= domainWi
continue;
for (b=*1-1 ;b<=1+1;b++)

int 1)

dth) )

if (b < 0 || (b >= domainLength))

continue;

if ((@a==w) ss (b == 1))
continue?
type = GetPointType(t, a, b);
if ((type == OBJECT)
Il (type == MOBILKJ3BJECT))

| return(FAL5S)!
1

return(TRUE);

int i, j;

int w, int 1)

it (GetiointTypeft, w, 1) == MOBILE_OBJECT)

if (ClearAdjPointOK(t, w, 1))

SetPointType(t, w

[N

SetPointFrom(t, w, 1,
else |

SotPoi ntTyp«i(t, w, [,

SstPointPromtt, w, 1,

CLEAR);
FROM NOWHERE) ;

ARJ TO 00JF.CT).
PROM NOWHEREI ;
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Cot (B-w-1, j-I1-1; j<I*-2;>

if ((GetPointType (t, i, i) — ADJJt"0 OBJECT)
it (ClearAdjPointoKtt, i,—j)f)

SetPointType(t, 1, j, CLEAR);
SetPointFrom(t, i, j, FROM NOWHERE),

if (@ —I w+1)
i - w-1;

.+

—r

void Domain::ClearVerticesInTimeSlice(int t)

Int w, 1, pointType;
for(w=0; w<domainWidth; w++)
for (1-0; KdomainLength; 1*m)

pointType - GetPointType[t, w, 1);
if (pointType — VERTEX)

SetPolntFromlt, w, 1, FROMJIOWHERF.) ;
SetPointTypelt, w, 1, CLEAR);
continue;

if (pointType — MOBILEOBJECT)

ClearMobileObjectlt, w, 1);

void Domain:ijDrawbDomain!)

for (i»0; i< domainTimeSlices; 1++)

DrawTImeSllced);
1/ gletch();

void Domain::DrawTimeSlice(int timeslice)

char type;
Int a,b,y;

clrscroO ;
gotoxyll
cout «

Ib)

ime-t+" « timeSlice;

for(b"0, y-2;b<domainl,enuth; b++, y+t)

gotoxyll, y); -
for(a«0; .KdomainWidth; a++)

type = GetPointType(timeslice, a, b);
-twitch (iype)

case GOAL:

case START:

case ADJ TO OBJECT:
“ml-"i objectT
MOBILE OBJECT:

c.i.

cas"™ VERTEX?
cout « lype;
break;

case CLEAR:
switchlGetPointFromltimeSlice,

case FROM RIGHT:
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cout « "R
brea);;

case FROMLEFT:
cout « NL™;
break;

case FROMJJP:
cout « Ut
break;

case FROM DCMN:
cout « "D";
break;

case FROM FRONT:
cout « H
break;

case FROM_BACK:
cout «
break;

case FROM_BACKLEFT:
cout « T
break;

case FROM_BACKRIGHT:
cout « U";
break;

case FROM_FRONTLEFT:
cout « VA

break;
case FROMFRONTRIGHT:
cout « TW7;
break;
case FROM_NOWHERE:
default:
cout «
break;
break;
default:
cout « A
break;

cout « “\n”;

POINT- Domain::GetPoint(int timeslice, int width, int length)
POINT “tmp, *t.mp2;
tmp m domainHead|timeslice);

tmp2 - tmp + (domainWidth*width) + length;
return(tmp2);

float Domain:jGetPointCost(int timeslice, int width, int length, int dir)

POINT *tmp;
t.mp - GetPoint(timeslice, width, length);
return(tmp->cost(dir]);
char Domain::GetPointFrom(int limeSllce, int width, int lenqth)
POINT “tmp;

tmp » GetPoint(timeSlice, width, length);
| return (t.mp->from) ;

char Domain::GetPointType(int timeSlice, int width, int length)

POINT “tmp;

tmp - GetPointltimeSllce, width, length);
return (!;mp->type);

void Domain::InitTimeSlicefint timeslice)

POINT* t.mp;
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/*

for(a=0;a<domainWidth;a++)
for(b=0;b<domainLength;b++)

GetPoint(timeSlice, a, b);

tmp->dist=0.0;
tmp->from=FROM_NOWHERE ;
tmp->type=CLEAR;

if (timeSlice == domainTimeSlices-1)
tmp->cost[FROM_UP] = BLOCKED;

else*/
tmp->cost[FROM_UP] = NORMAL;

if ((a «= 0) fit (b == 0))
tmp->COSt(FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->COSt(FROM_RIGHT] « NORMAL;
tmp->co3t(FROM_BACKRIGHT] = BLOCKED;
Imp->cost iFROM BACK] = BLOCKED;
tmp->cost[FROM~BACKLEFT] = BLOCKED;
trop->cost[FROM_LEFT] = BLOCKED;
tmp->COSt(FROM FRONTLEFT] = BLOCKED;
tmp->COSt(FROMAFRONT] = NORMAL;
continue;

if (@ ~= 0 (b < domainLength-1))
tmp->Ccost[FROM FRONTRIGHT] = NORMAL_DIAG;
tmp->COst [FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_BACK] = NORMAL;
tmp->cost[FROM_BACKLEFT] = BLOCKED;
tmp->cost[FROM_LEFT] = BLOCKED;
tmp->cost[FROM_FRONTLEFT] = BLOCKED;
tmp->cost[FROM_FRONT] = NORMAL;
continue;

if ((@ == 0) ss (b-=domainLength-1))
trap->cost[FROM_FRONTRIGHT] = BLOCKED;
tmp->cost[FROM_RIGHT] = NORMAL;
tmp->cost[FROMBACKRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_BACK] = NORMAL;
tmp->cost[FROM_BACKLEFT] = BLOCKED;
tmp->cost[FROM_LEFT] = BLOCKED;
tmp->cost[FROM_FRONTLEFT] = BLOCKED;
tmp->cost[FROM_FRONT] = BLOCKED;
continue;

if ((a < domainWidth-1) && (b == 0))
tmp->cost[FROM_FRONTRIGHT] = NORMAL_DIAG;
tmp->cost[FROM_RIGHT] = NORMAL;
tmp->cost[FROM_BACKRIGHT] = BLOCKED;
tmp->cost[FROM_BACK] = BLOCKED;
tmp->COst[FROM_BACKLEFT] = BLOCKED;
tmp->cost[FROM_LEFT] = NORMAL;
tmp->cost[FROM_FRONTLEFT] = NORMAL_DIAG;
tmp->cost[FROM_FRONT] = NORMAL;
continue;

if ((a < domainLength-1) (b < domainWidth-1))
tmp->cost[FROMAFRONTRIGHT] = NORMAL_DIAG;
tmp->cost[FROM RIGHT] = NORMAL
tmp->cost[FROM_BACKRIGHT] = NORMALDIAG;
tmp->cost(FROM_BACK] = NORMAL
tmp->cost[FROM_BACKLEFT] = NORMAL_DIAG;
tmp->costfFROM_LEFT] = NORMAL
tmp->cost[FROM_FRONTLEFT] - !IORMAL_DIAG;
tmp->cost(FROM FRONT] = NORMAL;
continue;

if ((@a < domainWidth-1) AfA (b — domainLength-1))

tmp->cost[FROM_FRONTRIGHT] = BLOCKED;
tmp->cost[FROM~RIGHT] = NORMAL;
tmp->cost[FROMBACKRIGHT] - NORMAL_DIAG;
tmp->cost(FROMBACK] - NORMAL;
tmp->cost[FROM_BACKLEFT] = NORMAL_DIAG;
tmp->cost[FROM_LEFT] = NORMAL;
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tmp->cost|FROM_FRONTLEFT] = BLOCKED;
tmp->cost |FROM_FRONT] - BLOCKED;
continue;

if {(a -- domainWidth-1) si (b -- 0))
tmp->cost|FROM_FRONTRIGHT) - BLOCKED;
tmp->CO3t|FROM_RIGHT] = BLOCKED;
tmp->cost[FROM_BACKRIGHT] - BLOCKED;
1.mp->costIFROM_BACK] - BLOCKED;
tmp->cost[FROM_BACKLEFT] - BLOCKED;
tmp->Cost[FROM_LEFT) - NORMAL;
t.mp->cost TFROM FRONTLEFT] - NORMALDIAG;
tmp->co3t (FROM_FRONT] - NORMAL;

continue;
if ((a—I domainWidth-1) ii (b < domainWidth-1))

tmp->cost[FROM_FRONTRIGHT] m BLOCKED;

tmp->cost(FROM RIGHT] - BLOCKED;
tmp->cost(FROMBACKRIGHT) - BLOCKED;
tmp->cost[FROMBACK] - NORMAL;

tmp->cost [FROM_BACKLEFT] - NORMAL_DIAG;
tmp->CO3t[FROM LEFT] - NORMAL;
trap->cost (FROM FRONTLEFT] - NORMAL DIAG;
tmp->cost|FROM*“FRONT] - NORMAL;

continue;
if ((@a — domainLength-1) ss (b -*» domainWidth-1))

tmp->cost(FROM_FRONTRIGSIT] - BLOCKED;
tmp->cost[FROM_RIGHT] - BLOCKED;
tmp->cost[FROM_BACKRIGHT| - BLOCKED;
tmp->cO3t(FROM_BACK) = NORMAL;
tmp->cost(FROM_BACKLEFT] - NORMAL_DIAG;
tmp->cost(FROM~LEFT) = NORMAL;
t.mp->cost (FROM FRONTLEFT) = BLOCKED;
tmp->cost (FROM>RONT] - BLOCKED;
continue;

int Domain::IsPointClear(int t, int w, int 1)

if w < 0O

i {{'<g

I (t < 0)

11 (w >- domainwidth)

11 (1 >- domainLenqgth)

Il (t >* domainTimeSlices))
return(FALSE);

switch(GetPointType(t, w, 1))

case CLEAR:
return(TRUE);

default:

) return(FALSE);

int Domain::IsPointGoal(int t< int w, int 1)

if w < O

il {{'<g

n (t <o

I (w > domalnWidth)

11 (@ >_ domainLenqth)

Il (t >- domainTimeSlices))
return(FALSE);

switch(GetPointType(t, w, 1))

case GOAL:
return(TRUE);

default:
return(FALSE);
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int Domain::IsPointNearObject(int t, int w, int 1)

if w < 0

I @'<g’

1 (t < 0)

[ (w >= domainWidth)

Il (1 >= domainLength)

Il (t >= domainTimeSlices))
return(TRUE);

switch(GetPointType(tr w, 1))

case OBJECT:
return(OBJECT);

case MOBILE_QBJECT:
return(MOBILE_OBJECT) ?

case ADJ_TO_OBIJECT:
return(ADJJTO_OBJECT) ;

default:
} return(FALSE);
int Dom{ain::IsPointObject(int t, int w, int 1)
if iw< )
@<
I (t < 0)

[| (w >= domainwidth)

Il (1 >= domainLength)

Il (t >= domainTimeSlices))
return(TRUE);

switch(GetPointType(t, w, 1))

case OBJECT:
return(OBJECT);
case MOBILE_OBJECT;
return (MOBILEJDBIJECT);
case ADJ_TO_OBIJECT:
default:
return(FALSE);

int Domain::IsPointStart(int t, int w, int 1)
if fLw < 0)
I 1<0
I (t < 0)

[ (w >= domainwidth)

Il (1 >= domainLength)

Il (t >= domainTimeSlices))
return (FALSE);

switch(GetPointType(t, wf 1))

case START:
return(TRUE);

default:

| return (FALSE);

|
int Domain::IsPointVertex(int t, int w, int 1)
i{f w < 0)
N @'<g
1 (t < 0)
Il (w >= domainwidth)
Il (1 3= domainLength)
[l (t domainTimeSlices))

return(FALSE);
switch(GetPointType(t, w, 1))

case VERTEX:
return(TRUE);

default:

| return (FALSE);
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void Domain::MarkMobileObjeet(int t, int w, int 1)

int i, j;
if ((GetPointType(t, w, 1) — CLEAR)
It (Get?ointType(t, w, 1) -= ADJTO OBJECT))

SetPoinCType(t, w, i, MOBILE_OBJECT);
SetPoinctrom(t, w, 1, FROM NOWHERE) :

for(i-w-1, a-1-1; j<I+2;)

if {GetPointTypeft, i, j) " CLEAR)
1
SetPointType(t, i, j, ADJ TO OBJECT);
SetPointFrom(t, i, j, FROM_NOWHERE);

if G - w+l)

1

i «w-1;
else

i++;

void Domain::MoveMobileQbject{QBJECT_NODE“object)
int t=domainTiraeSlices-1, w~(“object) .w, 1=(‘object).1j

ClearMobileObjectlt, w, 1);
switch((“object).direction)
1
case front:
If ((XsPointObjectlt, w, 1+1))
Il (IsPointStart(t, w, 1+1))
Il (IsPointGoai(t, w, 1+1)))
(“object).direction - rand() 1 NUMDIRS;

else
(“object) . 1++;
break, "
case frontleft;
if {(IsPointQbjectit, 1+1))
11 (IsPolntStart(t, w 1+1))

11 (IsPointGoai(t, w-1, 1+1)))
(“object).direction - rand(Q % NUMDTRS;
else

(“object) .1++, {“object).w-—

break;
case left:
if ((IsPointObjact(t, w-1, 1))
11 (13PointStart(t, w-1, 1))
I (IsPointGoai(t, w-i, 1))]
(“object).direction ™ randl) t HUMDIRS;

else
(“object) .w— ;
break;
case backleft:
ii {(IsPointObjectit, w~I1, 1-11)
Il (IsPointStart(t, w-1, 1-1))
Il (IsPointGoaKt, w-1, 1-1)))
(«Object).direction - randQ 1 NUMDIRS;
else
(“object) .w— , (“object).1l- ;
break;
case back:
It ((1sPointObjectit, w, 1-1>)
Il (IsPointStart(t, w, 1-11)
11 (t3PointGoal(t, w, 1-1)))
(‘object)-direction « randl) " NUM DIRS;
else
{“object).1- ;
break;
case backright:
if ((IsPointObjectit, w+1l, 1-1))
It {IsPolntStart(t, w+l, !-1)(
I (IsPointGoai(t, w+l, 1-1)))
(Tobject) .direction J randl) i NUMDIRS;
otse
(=object) .w++, Cobject).! - ;
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break;

right:
if ((IsPointObject(t,
Il (IsPointStart(t, w+1,
Il (IsPointGoaKt, w+l,

case

else
(“object) .w++;
break;
case frontright:

w+1,

D))

D))
11))

(#object) .direction

- tanclO t NUM DIRS:

if ((IsPointObject(t, w+l, i+l))
I (IsPointStart(t, wU, 1+1)1
Il (IsPointGoaKt, wM, 1+11))
(eobject).direction - randO % NUM_DIRS;
else
(#object) .w++, (“object).l++;
break;
default:
cout « unknown direction for mobile object ignored e**\n"
break;

MarkMobileObject(t, object->w,

void Domain::MoveMobileObjectsQ
OBJECT_NODE*cur, “orig;

cur - objList.GetNextObjectO ;
(OBJECT_NODE “1NULL)

orig -
if (cur -
return;

do

if ((ecurl.velocity > 0)
MoveMobileObject(cur);

objList.GetNextObjectO;
1 while (cur !- orig);

cur -

int Domain::MoveRobot(int st, int sw, int si,

int dir;

edist m 0.0;

if (!lIsPointStart(st, sw, si))
edist - 0.0;

return IFALSE);

sw, si, et,
CLEAR);
FROMNCMHERE)

dir - CalcRobotDir(st,
SetPointType(3t, sw, si,
SetPointt“rom(st, sw, si,

ew,

switch(dir)

case frontright:

object->1);

int et, int ew, int el, float+dist)

eh);

edist - GetPointCost. (st, ?w, si, frontriaht);
*t++, sw++, sl++;
if ((1lsPointClear(st, sw, 31))
Ni (ilspointVertex(st, rv, si))
ss (llsPointGoal(st, sw7~-?i)))
st— , sw— , si-—
edist - 0.0;
break;
case right:
edist - GetPointCost(st, sw, si, right);
it++, 3W++
it ((!'IsPointClear(st, 3w, si))
a (!'IsPointVertex(st, sw, si))
<< (!'IsPoinLGoal(st, sw, ii)l)

creak;
rase backright:



“dist = GetPoi
st++, sw++, si-— ;

if (('lIsPointClear(st, sw, si))
& (!lIsPointVertex(st, sw, si))
i (ilsPointGoai(st, sw, si)))

tCost(st, sw, si, backright);

st— , sw— , sl++;
*dist = 0.0;

break;
case frontleft:

*dist = GetPointCost(st, sw, si, frontleft);

st++, sw— , sl++;

if ((ll1sPointClear(st, sw, si))
(!1sPotntVertex(st, sw, si))
(!1sPointGoai(st, sw, si)))

st— , sw++, si-— ;
*dist = 0.0;

break;
case left:
-dist - GetPointCost(st, sw, si, Isft);
st++, sw- ;
if (('lsPointClear(st, sw, si))
Si (ILsPointVertex(3t, sw, sDi
Si (l1sPointGoai(st, sw, 31)))

st— , sw++;
*dist - o0.0;

break;
case backleft;
-dist » GetPointCost(st, sw, si, backleft);
st++, sw—- , si—- ;
if (('IsPointClear(st, sw, si))
it (tlspointvertex(st, sw, sDI
Si (!'IsPointGoai(st, sw, si)))

st— , sw++, sl++;
edist - 0.0;

break;
case front:
“‘dist - GetPointCost(st, sw, si, front);
st++, sl++;
if (('IsPointClear(st, sw, si))
Si (!IsPointVertex(st, sw, si))
ii (!'lIsPointGoai(3t, sw, si)))

st— , si— ;
edist - 0.0;
!
break;
case back:
‘dist « GPtfointcoat (Gjt, .=sw si, back) ;
st++, si—- ;
f ((ilsPointClear(st, sw, si))
(!'IsPointVortox(st, sw, si))
('IsPointGoai(3t, sw, si)))

st— , sin;
edist = 0.0;
break;
case up:
edist - GetPointCost(3t, sw, si, up) ;
st)-+;

if ((llsPointClear(st, sw, si))
t (1rsPointVortex(st, aw, si))
i (lIsPointGoai(st, sw, si)))

st— ;
edist « 0.0;

break;

default: // no movement - start IS goal
‘dist - 0.0;
break;

if (IsPointGoai(st, sw, all)
return (TRUE) ;

else
|
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SetPotntTypelst, sw, si» START) ;
SetPointFrom(st, sw, si, FROMNOWHERE);
return(FALSE);

void Don|1ain; iSelAdjObjsiInTimeSilceli/Zit timoSiice)
int. a,b;
int w,i;
for(w—o;I w<domainWidth; w)

for (1-0; KdomainLength; 1++)

if (1IsPointObject(timeSlice. w, 1))
continue;

for(a-w~1; a<-w*1; a++)
if (@< 0 D (a > domainwidth))
continue;
for(b—l—ll; b<-1+1; b+)

if (<0 NI (> domainLength))
continue;

if (GethointType(timeSIice, a, b CLEAR)

SetPointFroml timeSlice, a, b, FRCIMIKIWHERE) ;
SletPointType(timeSIice, a, b, ADJ _TO_OBJECT)

void Domain::SetGoalFromFile (crtare[ileNftme)

int i, w, 1;
char recType;
char trap(¢56]>
fstream datafile;

dataFile.open(fileName, 1io0s::in);
if (idataFlle)
cout « "Unable to open " « flieName << No Goal added.\n";

forli;)

datafile, get!lne(tmp, sizeof(trap));

if (strlen(tmp) ~ 0)
break;
if (tropfo) — GOAL)
// cout « “The GOAL line is: " « tmp « “\n";
if (sscanf(tmp, "icldid”, srecType, iw, il) -= 3)

torfi*:Q; t<doma iitTimeSlices; 1t+)

SetPointProm (1, w, 1, FROMJIOWHERE) ;
Ser.PointType(i, w, i, GOAL);

break;
else
da tafi ks,close Q;

%

cout « “Imnroperly formatted line ignored\n™;

void Domain:jSetKobi ieObiaFromFll«j(char* fiieName)

int w, 1;

char recType;

char trap[2561;
f3tream datafile;
OBJECT NODE* newubi;



dataFile.open (fileNatne, 1io0s::in);
if ((datafile)

cout: « "Unable to open " « fileName « *. No Mobile obja added.\n";

for(s) |

Int i;

dataFile.getlineftmp, sizeof(tmp));
i - strlenftmp);

if (1 <- 0
break;
eolit « "Lengtli of Input line is: " « 1« "\n”;
if ((tmpfo) 1- QOH-)
SS (tmpfo] I- START))
// cout « "OBJECT line Y« tmp «  ”\n";

if (sscanf(tmp, 7*c%di
1

SrecType, su, si) - 23)

SetPointFrom(doma inTimeS1lices-1, w, 1, FROM_NCWHERE)
SetPointType(domalnTimeSlices-1, w, 1, MOBILEOBJECT);

newObj = objList.Bui IdNevObject (w, 1);
if (newibj)

objList.InaertNewObject(newObj);
11 cout « "Added obj to obj list\n";
t
else

dataFi is.closel) ;

cout << "Improperly formatted line ignored\n”;

void Domain::SetFermObj3InTimeSlice(int timeSlice)
int w, 1;

for(w-0; w<domainWidth-5; w*+)

i-2;
switch (W)
case 3:
case <4
case b5:
break;
default:

S»tPolntFromtLimeSiice, w, 1, FROM_NOWHERE);
SetPointTypeltimeSlice, w, 1, OBJECT);

11 SetAdjoObjsiInTimeSiice(timeSlice, w, 1)
break;

for (w«0; w<iiomainWidth-10; wn)
t
1-7;
SetPointFromltimeSlice, w, 1, FROM_NOWHERE);
SetPointTypeftimeSLic®, w, 1, OBJECT);
// SetAdiObjalnTimeSlice(timeSlice, w, 1);

for(1-0, w=domalnWidth-10; KdomainLength-2: 1lit)

Switch(P
case 3:
case 4:
case 5:
case 6:
case 14:
case 15:
case 16;
break;
default:

SetPointFrom«times! ice, w, 1, FROM NOWHERE) ;
SetPointTyps(timeSlice, w, 1, OBJECT);
I SetAdjObjsiInTimeSlice(timeSlice, w. 1);
1 break;
I

ford-2, w=domainWidth-5; KdomainLength-7; [lit)



switch(1)

case 9:

case 10:

case 11:
break;

default;
SetPointFrom (timeSlice, w, 1, t"ROMNCWHERE)
SetPointTypeitimeSllcs, w, 1, OBJECT);

// SetAdjobjsInTimeSlice(timesllce, w, 1);
| break;
|

for (w-doraainWldth-5, 1-doma inl.ength-i; w<domainWidth; w++)
SetPoint from (timeSlice, w, 1, FRGM_NOWKERE) ;

SetPplIntTypeftimeSlice, w, 1, OBJECT);
/7 SetAdjObjsInTimeSlice(tImoSlice, w, 1);

for(w-domalnWidth-10, 1-domainLength-2; w<domainWldth; w++)

SetPointFromftimeSlice, w, 1, FROM NOWHERE);
SetPointType(times Lice, w, 1, OBJECT);
// SetAdjOb]sInTinieSlice(timeSlice, w, 1);

void Domain::SetPointfrom(Int timeSlice, int width, int length, int from)

t
POINT *tmp ;

if ((width < 0)

Il (length < 0)

11 (timeSlice < 0)

11 (width >* domainwidth)

Il (length >- domainLength)

Il (timeSlice >- domainTimeSlices))

return;
tmp ~ GetPoint(timeSlice, width, length);
tmp->from - from;

void Domain::SetPolntType(int timeSlice, int width, int length, char type)

char oldType;
POINT *tmp;

if ((width < 0)

1l (length < 0)

Il (timeSlice < 0)

1] (width >- domainwidth)

Il (length >- domainLength)

Il (timeSlice >- domainTimeSlices))
return;

tmp = GetPoint(tImeSlice, width, length);

oldType « rmp->type;

tmp->type - type;

if (old'i'ype I1- OBJECT)

// SetAd}ObjsInTimeSlice(timeSlice, width, tenqth);

void Domain: :SotStartFromFile (char*f1leNameJ—

int w, 1;

char recType;
char tmpl256[;
fstrcam datafile;

datafile.open(fileName, ios::in);
if (jdataFiley
cout << "Unable to open " « filename « Ho Start added.\n"

for(;;)l
datafile, getlineltmp, sizeof(tmp));
If (strien(tmp) -= 0)
break ;
If (tmpI]C-).] — START)

// cout « "The START line is: " « timp « ”“\n";

[3- 335



if (sscanfltmp, “Tcrdid",

SetPointFrom(domainTi

srecType,

Sw,

meSlices-1, w,

SetPolntType(domainTimeSlices-1, w,
break;

else
cout « “Improperly formatted line

dataFile.cl03e{);

void Domain::SetVertice3InTimeSlice(int t)

intw, 1;

int diffcounter,

int 3ide_bits,

corner_counter;
corner_blts;

Ffor(W’0; wcdomainWldth; w+t)

foe(1-0;

KdemainLength; 1++)

if (1X3PointClear(t,
continue;

w,

D)

Gornerbits

BITMASK_CLEAR;

cornercounter - O;

If (IsPointNearObject(t, w-1, 1-i))
1
corner_bits 1- BITMASKLEFT;

corner~bits I-
corner counter++;
If (IsPointNearObjectlt,
corner_blts 1-
corner_bits 1- BITMAS
orner_counter++;
(IsPointNearObjectlt, w+1,
corner_bits 1-
corner_bits 1I-
corner_counter++;
(IsPointNearObjectlt, w+1,
corner bits I-
corner~bits I-
corner_counter++;
(corner_bits i-
|
sidebits
if

(IsPointNearObjectl
side bits I- B
(IsPointNearObjectl
aidobits 1I-
(IsPointNearObjectl
sidebits I-
(IsPointNearObjectl
sidebits I-

if
if

if

for(dif£_count0i-0;
(side bits
1]
slde_bits
1
if ((c
SS ((u.Je bits
1
diff_cou
continue
1
if ((sidebits
iS ((side~bits
1
diff cou
continue
J

»

if ([diff counter >2)

w-1,

(corner_bits
1,

BITMASK_TOP;

1+ )

BITMASKJ.EFT;

KBOTTOM;

1+1))

BITMASK_RIGHT;
BITMASK~BOTTQM;

1-1)

BITMASK_RIGHT;
BITMaskjtoP;

BITMASK_CLEAR)

BTTMASK_CLEAR;

t, w-1, 1)
I TMASKJGEFT;
t, w, ,1-1))

BITKASKJTOP;

t, w+l,

)]

BITMASK_RIGHT;

t, w, 1+1))

BITMASKBOTTOM;

BJTMASK CtEAR)
BITMASK CLEAR) ;

1-
cornerbits

-nor bits S (int)0x01)

i (int(Ox0l)

nter++;

s (int)0x01)
i (int)oxol)

nter++;
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1,
1,

3

PROM NCWHERE) ;

START) ;

ignored\n";

»

D

(corner_bits s

(eornerjbits S

(int)0x01)))

(int)ox01)))



Il ((diff_counter — 2) ss (corner_counter

SetPointFrom(t, w, 1, FROMNOWHERE) ;

SetPointType(t, w, 1, VERTEX)i

// edge.hpp
«define DE8BUG_FILENAME "DEBUG.LOG"

typedei struct van

int t,w,l;

float dist;

struct van *prev, ’next;
! EDGENODE;

class EdgelLi3t

public:
EdgeList Q ;
-EdgelListQ ;

EDGE NODE* BuildNewEdge(int, in
void DelAllEdges(void);
void DelEdge(EDGENODE*);
void DelEdgeToVertex(int, int, int);

EDGENODE™* GetFir3tEdge(void);

EDGE_NODE* GetNextEdge(EDGE_NODE*) ;

void InsertNewF.dge(EDGE_NODE*>;
void UstAl 1lEdges (int);

, int, float);

private:
EDGENODE “edgeHead;

// edge.cpp

«include <iostream.h>
«include <fstream.h>
»include <stdio.h>
«include <conio.h>

«include <alloc.h> // for coreleft(Q
«include <stdlib.h> // for itoa()
«include <string.h> // for 3trcpy()

«include "edge.hpp™

EdgelList::EdgeList()

edgeHead - (EDGE_NODE*)NULL;
// cout « "EdgeList ConstructorXn™;

EdgeList: j"EdgeListO

while (edgeHead !» (EDGE_NODE*)NULL)
DelEdge(edgeHead);
// cout « "EdgeList DestructorNn™;

EPGE_NODE* EdgelList::BuildNewEdge(int I, int w, int 1, float dist)

EDGE_NODE *a; —_—

if (otherVertex P (void*) NULL)

~\
~

a - (EDGE NODE*)farcallocll, 3izeof(EDGENODE));
if (@ — TeDGENODE*)NULL)

cout « "Out of Memory in BuildNewEdgeO \n";

getch O ;
%xit(O);

(*a).t - t;
Ei; -Wo- W
yi-T
(*a).dist - dist;
("a).prev - (*a).next - (EDGE_NO1."E*)NULL;
return (a);

/1 I

// return((EDGENODE*)NULL);
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void EdgeList::DelAllEdgeSP
t
EDGE_NODE*a;
for(a « GetFirstEdgeO
a !« (EDGEHODK*)NULL;
a - GetFirstEdgeO)

?elEdge(a);

void EdieList::DeIEdge(EDGE_NODE*a)
EDGE_NODE*tmp;

// cout « “edge 0O\n";
If (@ 1- (EDGE_NODB*)NULL)

If ((a->prev — (EDGE NODE*)NULL) // del last remaining edge
Si (a->next — (EDGENODE*)NULL))
1
// cout << "edge I\n";
free(a)t
edgeHead - (EDGE_NODE*)NULL;
return;

if ((a->prev 1- (EOGE_NODE*)NULL) Il del edge

in middle
ss (a—>|iext 1- (EDGE_NODE*)NULL))

Il cout « "edge 2\n";
trap “ a->prev;
tmp->next - a->next;
tmp - a->next;
tmp->prev - a->prev;
free(a)
return;
if 1(3->prev — (EOGE NODE*)NULL) Il del edge at sol

4« [a->next 1- (EDGE_NODE*)NULL))

I cout « "edge 3\n";
tmp w a->next;
tmp->prev - (EDGENODE*)NULL;
edgeHead - trap;
free(a);
return;

if ((a->prev !- (EPGE NODE*) muLL) Il del

edge at eol
Si (a->next — (EDGE_NODE*)NULL))

I cout « “edge 4\n";

tmp - a->prev;

tmp->next - (EDGENODE*)NULL;
free(a);

return;

1

void EdieList::DolEdgeToVertex(int t, int w, int 1)

EDGE_NODE*tmp:

Cor(tmpl— GetFir3tEdge(); tmp !- (EDGE_NODE*) NULL; tmp - GetNextEdge (tmp))

if {(tmp->t “ ©)
ss  (tmp->w — W)
SE  (tjnp->1 «m 11)

Del Edge (tmp) ;

Sreak;

EDGE NODE* EdgeList::GetFirstEdge()

return(edgeHead);
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EDGENODE™*

return(cur->next);

void EdgeList::InsertNewEdge(EDGENODE
EDGE_NOOE*cur:

if (edge — (EDGE_NODE*) NULL)
return;

if (edg?Head -

EdgeList::GetNextEdge (EDGENODE"cur)

*edae)

(EDGE_NODE*)NULL)

- (EDGE_NODE*)NULL;// no more so

cur-(*cur) ,next)

Insert after

cur

// try next one

insert

// at

before cur

start of |

in middle/end of

edge->w «

“\n"';

edgeHead - edge;
edge->prev - edge->next = (EDGE_NODE*)NULL;
// cout « "Inserted edge into empty list
// cout « " (" « edge->t « "," « edge->w «
/7 cout « "DIst = " « edge->dist « "\n";
return;
1
for(cur-edgeHead; cur !- (EDGENODE")NULL;
if ( (edge->t > cur->t)
1l ((edge->t - cur->t)
cs (edge->w > cur->w))
1l ((edge->t — cur->t)
ss (edge->w -- cur->w)
6 ( (edge->1 > cur->D) )
1 //
if (cur->next — (EDGENODE*)NULL)
t
edge->next
edge->prev = cur;
cur->next 7 edge;
break;
else
| continue;
if ( jedge->t < cur->t)
1] ((edge->t *s* cur->t)
Si (edge->w < cur->w))
/* Il ((edge->t < cur->t) */
Il ((edge->t — cur->t)
it (edge->w — cur->w)
ii (edge->1 < cur->D) )
(¢ //
if (cur->prev - (EDGE_NODE*)NULL)
edge->prev - (EDGE_NODE*)NULL;
edge->next - cur;
cur->prev = edge;
edgeHead - edge;
qreak;
else
1
sHlge-iprev - cur->pr<?v; //
edge->next - cur;
cur->prev “ edge;-—
cur - edge->prev;
cur->next * edge;
break;
Tt
if ( (edge->t - ctir->t)
(edoe->w — cur->w)
4* (edoe->1 - cur->1) )
1
/* already here - replace it 1 */
/= cout « “Already here -
cout « " ("« edge->t << «
cout << "Dlat ®w " « edge->dist <<
cur->w w edge->w;
eur->1 " edge->1;
.mur->dint = edne~>dlst;*/
// cout « " Already here - ignoring..An";
i-out «
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free(edge) ;

break;
// cout « "Inserted edge into list
// cout « " (" « edge->t « ", * « edge->w << << edge->I
// cout « "DIst - " « edge->dIst « “\n";

void EngeList: :ListAllEdges(int debuqgFlag)

char tmp[2561;
fstream debugFile;
EDGENODE “edge;

atrcpy(tmp, “List of all edges In List\n”);
cout « tmp;
if (debligFlag)

debtlgFi le.open (DEBUG FILENAME, Los: :app!;
debugFile.write(tmp, strlen(tmp)):
debuqgFile.closet);

<< "M .

for(edgeI - edgeHead; edge !- (EDGE NOOK”)NULL; edge - (*edge).next)

sprintf(tmp, "Edge to (%d,ld,ld). Dist is tf\n",

(“edge).t, (*edge).w,

cout « tmp;
if (debngFlag)

debugFile.open IDEBUG_FILENAME, ios::app);
debugFile.writettmp, strlen(tmp));
debugFile.closed ;

strecpyftmp, Me—mmmmmmmme e \n");
cout « tmp;
if (debquFlag)

debug File, open (DEBUG_FILENAME, 1ios: :.ipp) j
debugFile.write(tmp, strlen(tmp));
debugFile.close!);

// object.hpp
»define FALSE O
idefine TRUE 1FALSE

lIdefine GOAL *G*

»define START °S*
»define OBJECT X~
Sdefine ADJ_TO_OBJECT 'S’
edefine MOBILE~OBJECT “M"
*define CLEAR i
idefine VERTEX <V©

»define NUMDIRS 1 = this {3 the 8 horizontal directions; (0->7)
enum directions | front., back, left, right, frontright, frontleft,

typedef struct o

int direction, velocity;
int w, 1;

struct o *prev, ’naxt;

1 OBJECT NODE;

class ObjectList
1
public:
ObjectList O;
"m>bjectList() ;
OBJECT NODEe BuildNewubjsct(int, int)*
void DelAHObjects(void);
void DelObject(OBJECT NODE*);
OBJECT NODE* GetNextObject(void) ;
~ void InsertNowobjrK-ttOUJECTJIODE") ;
void LiStAnObiects (void) ;
private:
OBJECT HODB “objectUead ;
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/] object.cpp
einclude <io3tream.h>

Ilinclude <alloc.h> /1 for coreleft()
einclude <3tdlib.h> 1l for itoaf)
»include otcing,h> /1 for strcpyO

iinclude <conio.h>

Il (include "edge-hpp"
einclude "object.hpp”
ObjectList::0ObjectList()

objected * i0BJF.CT N"ODE*)NULL;
cout << "ObjectList constructor”";

ObjectList::-ObjectListQ

cout « "ObjectList DostructorXn':
DelAllObjectsO ;

OBJECTNODE* ObjectList::Bui IcINewObject (int. w, int 1)
OBJECTNODE -r.ewPtr;

newPtr - (OBJECT NODE*)farealloc(l, sizeof(OBJECTNODE));
If (newPtr — (OBJECT NODE*) NULI,)

cout « "Out of memory In BuiidNevA>bject (I\n";
qetch();

return(NULL)F

1
(“newptr) .direction * randlj 1 NUM DIRS;
(“newPtr)-velocity - 1;
(enewPtr).prev - (“newptr) -next - (OBJECT NODE-) NULL;

(enewptr).w » w;
(*newPtr).1 = 1;
return(newPtrl;

void ObjectList::DeiAllObjectaQ
OBJECT NODE *tmp;
while (objectHead !- (OBJECT_NODB*)NULL)

tmp « objectHead;
objectHead - (“objectHead).next;
Deiobject(tmp);

void ObjectList::DelObject(OBJECT_NODE *todie)

1
OBJECTNODE “’cur;

if (((“todiel.prev 1- (OBJECT NODE*)NULL)
ss ((*todie).next 1!- (OBJECT NODE*)NULL))
1

/7 cout. <v "Deleted Object (" « todin->w « 7,” « todie->I
cur*{“todle).pcev;
if (cur = todie)
t
objectHead - (OBJECT_NODE*)NULL;
11 rout « "Object List KtnpLyXn”;
free(todie);
return;
1
el se

(ecur).next-(‘todie).next;

-ur - (M cidie) .next;
(ecur).prev * (*todie).prev;
it (objectHead - todie)

«

"IN



objectHead » (*todle).next;

free(todie);
return;

cout « "eeeDid NOT delete rotton Object (" « todie->w «

OBJECTNODE* ObjectList::GetNextObject()

OBJECT_NODEetmp;

If (objectHead — (OBJECT NODEM NULL)
return((08JECT_NODE*)NULL) ;

tmp < objectHead;
objectHead = objectHead->next;
return(tmp);

void ObjectList::InsertNevvObject (OBJECT_NODE*newPtr)

OBJECT_NODE *cur;

if (newptr — (OBJECT_NODE*)NULL)
return;

If (objectHead — (OBJECTJJODE*) NULL)

objectHead - newPtr;
f'nethr).prev » (enewptr).next » nowptr;

else
|

/¢ insert before first node ¢/
cur = objectHead;
(*newptr).next = cur;

(enewptr) ._.prev - (ecur).prev;
(ecur).prev - newPtr;

cur- (*newptr).nrev;
(ecur).next - newPtr;
objectHead - newPtr;

// cout « “Inserted object (" « newptr->w

void ObﬁectList::ListAllObjects()
OBJECT_NODE*tmp;
if EobjectHead —  (OBJECT_NODE*)NULL)

cout « "ObjectList is emplyNn";
return;

forftmp—objectHead;;tmp - tmp->next)

cout << "object: (" « tmp->w « << tmp->1 « "I\n";
tmp - tmp->next;
if ftmp objectHead)

cout « "ObjectList ended\n";
break;

// vertex.hpp
«define FALSE O
;define TRUE jFALSE

«defino COAL

«define START 7S~
«define OBJECT ~X*
«define ADJ TOOBJECT “x
«define MOBILE OBJECT “M"
«define CI.EAR 1.°

«define VERTEX ~“v*

« « newptr->1

«

«

todle->1

")\n";

«

“I\n"



»define
-define
»define
»define
(define

»define

typedef

BITMASKJTOP lint) Ox(l
BITMASKALEFT (int)0x04
BITMASK-BOTTOM (int) 0x02
BITMASK~RIGHT (int)0x01
BITMASK~CLEAR (Int.) 0x00

DEBUGFILENAME "DEBUG.LOG"™
struct vn

int t,w, 1;

char nodeType;

struct vn ’searchPrev, ’searchNext;
float searchDist, estDist;

Int searchMarker;

EdgelLlIst *ed<jelList;

struct vn epathFrora, *pathTo;
struct vn “prev, “‘next;

I VERTEXMODE ;

class VertexList

public:
VertexList!)
-VertexList(Q;
void AddToSearchLIstlVERTEXNODE*):

VERTEXNODE™* Bui IdNewVertox(int, int, int,char);

v
i
\

\
\

\
//

v

\
i
f

// vert
»includ
»includ
»includ
jinclud
»includ
»includ
»includ
»includ
Qinclud

VertexL
sear
sear

sear
cout

VertexL

float CalcF.stimatedDistdnt, int, int, int);
int CalcRobotDir(VERTKXNODE®);
void DelAUVertices(voJd);
oid DelVertex(VEKTEXjiODE*);
nt FindPath(void);
ERTEX_NODE* Findvertex(int, Int, int);
VERTEX NODE* GetFirstVertex(void);
VERTEX NODE* GetGoalVertex(void);
VERTEX NODE* GetNextVertex (VF.RTEX_NODE*))
int GetSearchMarker(void);
ERTEXNODE* GetStartVertex(void);
oid InsertAllVertices(void);
void InsertNewVertex(VERTEXNODE*>;
void ListAUVertieesdnt);
oid ListSearchList(int);
void MoveRobotfint, int, int, int);
void MarkPath(VERTEXNODE™*);
void RemovpFromSearchList (VERTEX NODE¥*);
oid Rei«oveVertex(VERTEX, NOPEM ;
void TrimSearchList(void);
private:
VERTEXNODE* vertexHead;
ERTEXNODE* searchHoad;
nt searchMarker;
loat searchTrimOist;

ex.cpp

e <iostream.h>
e <f3tream.h>

e <stdio.h>

e <eonio.h> // for gatch Q

e <alloc.h> /]l for coreleft(Q
e <3tdlib.h> // for itoal)

e otrina.h” // for strcpyl)

e "edge.hpp"
e "ver tex.hpu~”

ist: -_.VertexList Q

vertexHead - (VERTEX NODE*)NULL;
chHead - (VERTEX NODE*)NULL;
chMarker = 0)

chTrimDist = -1.0;

« "Initialised Vertex class\n";

ist::-VertexListQ

cout « "VertexList destructor started\n”;
PelAilvertleas Q;

cout « "VertexList destructor endedivi”;
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Void VertexList: :AddToSearchList (VERTEX_NQDE*a)

VERTEX NODE *tmp;

If (a - (VERTEXNODE1)NULL)
returns
If ((fa).3earchPrev !- (VERTEXNODE*“INULL) // If already in fringe
M ((*a).sssxchNext 1!- (VERTEX_NODE*)NULL)) // 113t, dont add again
return;
if (searchHead -- (VERTEX_NODE*)NULL)

searchHead *m a;
3->[>atbE“com - a->pafc!»To - (VERTEXNODE*)NULLI
a->seatchPrev = a->searchNext - a;

return; |

for (tmp - searchHead;tmp !- (VERTEX NODEMNULL;)
1
if fa->estDist <* tmp->estDi,st)

a~>searchPrev » l:mp->searchprev;
a->3earchNext - tmp;
tmp->searchPrev -a;
tmp ® a->searchPrev;

tmp->searchNext - a;

if (searchHead - a->searchNext)
searchHead < a;

return;

i£ itmp—>searchNext “ searchHead)

a->searchPrev - tmp;
a->searchNext - searchHead;
tmp->searchNext »» searchHead->searchPrev - a;
return;
else

I tmp « tmp->searchNext;

VERTEX_NODE* VertexList::BuildNewVertex(int t, int w, int 1, char nodeType)
VERTEXNODE -newptr;

newPtr- (VERTEX NODE*)tarcailoc(l, siieoi (VERTEX NODE)};

if (nchitr -- (VERTEX NODE*(NULL)

cout « "FarcallocO failed in BuildNewVertex!\n";
getch();

exit(0);

(enewPtr).t -
(enewptr).w = w;
(*newPtr).1 - 1I;
(mnewPtr).nodeType ®m nodeType;
(*newPtr).edgelList » new EdgelLisr.O;
I*newPtr>.pathTo - (-newFtr).pathfrom - (VERTEX NODE*|NULL;
CnewPtr) .3earchlMst - 0.0;
(-newptt) .<istl>i3t t 0.0;

(*newptr).seacchPrev - (“newptr) .searsiNext =ma (VERTEXNODE*)NULL;
(-newPtr) .prev - (“newPLr) .next - (VERTEX NODE*) NULL;
if (nodtIeType — START)
(“newptr) .=searchMarker - searcnMarfcer+l;
AddToSearchLLst(n«wPtr);
t
else
(’newPtr).searchMarker - searchMarker;

return (newPtr) ;

float VertexList::CalcEnLimatedDIst(int sw, int si, int ew, int el]
int a;

-_abslsw - >iw) * ibstsi - nl) ;
|

al-7.
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return((float)a);

void VertexLIst::DelAllVertices(Q

while (vertexHead !- (VERTEX_NODE*)NULL)
// cout « "About to delete (" « vertexHead->t
// cout « « vertexHead->1 « ') at addr:
/7 cout « Prev:"* « vertexHead->prev «
DelVertex(vertexHead);
cout « e \n";
// ietcho;

void VertexList::DelVertex(VERTEXNODE *todle)

VERTEX NODE
EDGE_NODE*a;

*tmp;

(VF,RTEX_NODE*1 NULL)

for(a -
a
a -

todie->edgelList->GetFirstEdae();
1- (EDGE_NODE*)NULL;
todie->edgeList->GetFirstEdge())

todie->edgelList->DelEdgeToVertex(a->t,
tmp * FindVertex(a->t, a->w, a->1);
it ftmp 1* (VERTEXMODE®)NULL)

a->w, a->1);

t.mp->edgeList->De)EdgeToVertex(todie->t,

todie->w,

« « vertexHead->w ;
" « vertexHead ;
Next:" « vertexHead->next

todie->1);

Il tmp- (VERTEXNODE*)(a->otherVertex);

11 cout « "On vertex (" « todie->t « « todle->w «

11 cout « todie->1 « "):Del edge to (" « tmp->t « "o« tmp->w o«
11 cout « tmp->1 « ")\n";

I cout « "todie at:" « todie « ". a at:" « a « "\n";

I cout « " tmp at:" « tmp « “\n";

I todie->edgelList->DelEdoeToVertex((void*)tmp);

11 cout « "On vertex (" « tmp->t « «  tmp->w «

// cout « tmp->1 « "):Del edge to (" « todie->t « « todie->w «
11 cout « todie->I « *)\n";

// tmp->edgeList->DelEdgeToVertex((void*)todie);

delete todie->edgelList;
RemoveFromSearchLIstttodie);
If ( (("todle).prev —
m ((“todie).next —

(VERTEX NODE*I NULL)
(VERTEXNODE*)NULL) )

vertexHead -
free(todie);
return;

(VERTEX_NODE*)NULL;

if ( ((“todie).prev I» (VERTEX NODE*)NULL)

it ((-todie) .next 1- (VERTEXJIODE*)NULL) )
tmp - (“todie).prev;
(=tmp) .next « (*todie).next;
tmp « (*todie).nexL;
(=tmp).prev = (*todie).prev;
free(todie);
return;
ir ( ((=todie).prev - (VERTEX_NODE*)NULL)
«« ((»todie).next I1- (VERTEXNODE*)NULL) )
vertexHead " tmp.« (etodie).next;
(=Imp).prev - (VERTEXNODE-)NULL;
free(todie);
return;
if ( ((-todle) .prev I (VERTEX NODE*) NULL)
*4 ((“todie).next -- (VERTEX NODE*)NULL) )

tmp -
(=tmp).next -
free(todie);
return;

(C todie).prev;
(VERTEXNODE*)NULL;
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int VertexList:.-FindPathO

EDGENODE *e;

int goalFound-FALSE;

float dist;

VERTEX_NODE *cur, "adj, *dest, *tl, *t2;

if (searchHead->nodeType »» START)
searchMarker - searchHead->searchMarker;
else

return(FALSE);
tl - GetStartVertex();

t2 - GetGoalVertexO ;
if ((tl i- (VERTEXNODE*)NULL)

Si (t2 1- (VERTEXMODE*)NULL)
Si (tl->w —  t2->w)
is (tl->i -- t2->1))

tl->pathTo - t2;
return(TRUE);

for (cur - searchHead; cur !- (VERTEX_NODE*)NULL; cur - searchHead)

if ((cur->searchDist >- searchTrimDist)
Si (searchTrimDist > 0.0))

RemoveFcomSearchList(cur);
continue;

forfé » cur->edqgelList->GetFirstEdge();
e !- (EDGE_NODE*)NULL;
e = cur->edgeList->GetNextEdge(e))
adj - FindVertex(e->t, e->w, e->1);
if (adj - (VERTEX_NODE*)NULL)
continue;

// adj - (VERTEX_NODE*) e->otherVertex;
dist » cur->searchDist t e->dist;
if ( (adj->searchMarker !» searchMarker)
Il ((adj->searchMarker — searchMarker)
SS (adj->3earchDist > dist)) )

if ((di3t <= searchTrimDist)
Il (searchTrimDist <« 0.0))

adj->pathFrom - cur;
adj->searchMarker - searchMarker;
adj->searchDist - dist;
adj->estDist ” dist f CalcEstimatedDist(dest->w, dest->I,
adj->w, adj->1);
AddToSearchList(adj);
if (adji>nodeType " GOAL)

goaiFound » TRUE;
searchTrimDist - dist;
MarkPath(adi) ;
TrimSearchLIst(Q;

1
RemoveFcomSearchList(cur);
1
return(goal Found);
1

VERTEX_NODE* VertexList::FindVertex (int t, lilt w, int 1)
VERTEXNODE* cur;
lor(cur - GetFirstVertex(Q;
cur 1- (VERTEXNODE*)NULL;

cur - GetNextVertex(cur))

if (Ccur->1 »* t)
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a (cur->w — w)
r< (eur->1 1))
return (cur); // found it
if ((cur->t >- 1)
SS (cur->w >- W)
a (cur->1 >= 1))
break; // passed it - it"s not in the

return((VERTEX_NODE*)NULL);

VERTEXNODE™* VertexList::GetFirstVertex(Q

return(vertexHead);

VERTEX NODE* VertexList: jGetGoalVertexO
VERTEX_NODE*tmp;
forltmp - GetFirstVertex()i
tmp 1- (VERTEXNODE<)NULL;

tmp « GetNextVertex(tmp))

if (tmp->nodeType GOAL)
break;

return(tmp);

VERTEXNODE* VertexList::GetNextVertex(VERTEX_NODE*cur)

return(cur->next);

int VertexList::GetSearchMarker(Q

return(searchMarker);

VERTEXNODE* VertexList::GetStartVertex(Q
VERTEX_NODE *tmp;
forltmp - GetFirstVertex(Q);
trap '- (VERTEXNODE’)NULL;

tmp - GetNextVertex(tmp))

if (tmp->nodeType START)
break;

return(tmp);

void VertexLi3t::InsertNewVertex (VERTEX NODF.*a)
VERTEX NODE *cur;

if (a "= (VERTEX_NODE*)NULL)
return;

if (vertexHead - (VERTEX_NODE*)NULL)
1
vertexHead 7 a;
(=a).prev - ("a).next - (VERTEXNODE")NULL;
return;

for(cur=vertexHead; cur !- (VKRTF.XNOOF.*)NULL; cur-(*cur) .next)

if ( (a->t > cur->t)

11 ((a->t “ cur->t)
it (a->w > cur->w))
11 ((a->t -- cur->t)
a (a-w — cur->w)

4s (a->i > cur->i)) )

1 // insert after cur
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if ((‘cur).next — (VERTEX NODE*)NULL)

(*3) .next « (*cur).next; // eol - append new node
(*3).prev « cur;
(*cur).next - a;
break;
else
continue; // get next node

if ( (a->t < cur->t)

1] ((a->t - cur->t)

it (a->w < cur->w))
11 ((a->t - cur->t)

it (a->w -- cur->w)

t6 (a->1 < cur->1)) )
1 // insert before cur

if (cur->prev - (VERTEXNODE*)NULL)
a->prev - (VERTEX_NODE*JNULL;// at start of list
a->next - cur;
cur->prev = aj;
vertexHead = a;
break;
else
a->prev “ cur->prev; /+/ in middle/end of list
a->next " cur;

cur->prev - a;
cur - a->prev;
cur->next - a;
break;

|
if ((a->t - cur->t)
it (3->w ZE cur->w)
it (a>1 ™ cur->1))
| // Insert after cur 3t eol
if ((*cur).next - (VERTEX_NODE*)NULL)

(*a) .next - (VF.RTEX_NODE*)NULL;
(*a) .prev = cur;

(*cur).next - a;
break;
else
| continue;
*/ AddToSearchList(a);
// cout « "Inserted vertex (;
// cout « (*a).t « « (*a) .w « « ra)-1 «  "™\n";

void VertexList::ListAllVertices(int debugFlag)

char tmp(2561;
fstrearo debugFile;
VERTEXNODE *cur;

strcpy(tmp, “List of all nodes in Ilst\n");
cout « tmp;
if (debigFlag)

debugFile.open(DEBUG_FILENAME, 1ios::app);
debugFile.write(tmp, strlen(tmp));
debugFile.close(Q);

for(cur-vertextlead; cur 1!» (VERTEX NODE*)NULL; cur-cur->next)

3printf(tmp, ”“Vertox:%c: at |[»d,ld,Sd)\n",

(*cur).nodeType, (*cur).t, (*cur).w, (*cur).l);
cout « tmp;
If (debigFlag)

debutjFi le.open (DEBUG_F1LENAME, ios: :app) ;
debugFile.write(tmp, strien(l.mp));
debugqFile.closed ;

cur->edgeL ist->LislAllIEdges(debuqFlag);
|
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void VertexList::ListSearchList(int debugFlag)

char tmp(256];
f3tream debugFil
VERTEXMODE"cur;

if (searchHead - (VERTEXNODE*)NULL)
|

sprintf(tmp,"Empty SearchLi3t! (marker«»d)\n", searchMarker);

cout « tmp;
if (debigFlag)

debugFile.open(DESUG_FILENAME, 1ios::app);
debugFile.write(tmp, strlen(tmp));
debugFile.closed

return;

sprintf(tmp, "List of node3 in Search 1i3t (marker-1d)\n", searchMarker)

cout « tmp;
if (debigFlag)

debugFile.open(DEBUGFILENAME, ios::app);
debugFile.write(tmp, strlen(tmp));
debugFile.closed ;

cur * searchHead;
do
r
sprintf(tmp, "SearchList node (Id, Id,Id) Dist = tf",
cur->t, cur->w, cur->l, cur->searchDist);

cout « tmp;
if (debugFlag)

debugFile.open(DEBUGFILENAME, ios::app);
debugFile.write(tmp, strlen(tmp));
debugFile.closed

cur-cur->searchNext;

while (cur " searchHead);
strcpyltmp, "End of SearchList\n”);
cout « tmp;
if (debigFlag)
debugFiie.open(DEBUGFILENAME, 1ios::app);
debugFile.write(tmp, strlen(tmp));
debugFile.closed

void VertexList::MarkPath(VERTEX_NODE*v)
VERTEXNODE=tmp;

if (v - (VERTEX_NODE*)NULL)
return;

// cout « "Path from Goal to StartNn";
v->pathTo - (VERTEX_NODE<)NULL;
do I
tmp * v->pathFrom;
7/ cout « "(" « Vv->t « T veSw o« T, o« v=>l « "\NT;

ir (tmp | 1- (VERTEXNODE*)NULL)

tmp->pathTo » v;
y - v->pathFrom;

wfile (tmp 1- (VERTEX NODE*)NULL);
void VertexList::RemoveFromSearchList(VERTEX_NODE*a)
VERTEXNODE *cur;

if ((a->searchPrev — (VERTEXNODE*)NULL)
Il (a->searchNext — (VERTEXNODE*)NULL)1
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if (searchHead - a)
searchHead - (VERTEXNODE*)NULL;
return;

cur-a->searchPrev;
if (cur “ a)

searchHead - (VERTEX_NOOEe)NULL;

I cout « "Removed Search Node (;
// cout « ->t « ",H « a->w « "," « a->1 « ™). SearchList empty\

else

cur->searchNext « a->searchNext;

cur - a->searchNext;
cur->searchPrev » a->seaxchPrev;
if (searchHead - a)
searchHead - a->searchNext;
I cout « "Removed Search Node (;
// cout << a->t« "," « a->w « "L« a->l o« ")-\n";
a->3earchPrev - a->searchNext - (VERTEXNODE*)NULL;

void VertexList::RemoveVertex(VERTEXNODE *todie)
VERTEXNODE *tmp;

if (todle -- (VERTEX_NODE*)NULL)
return;

RemoveFromSearchLIst(todle);

if ( (Ctodie) .prev — (VERTEX_NODE*)NULL)

ft (Ctodie) .next — (VERTEX_NODE*) NULL) )
vertexHead - (VERTEXNODE*)NULL;
return;

if ( ((*todie).prev 1- (VERTEX_NODE*)NULL)

ft (Ctoldie) _next 1- (VERTEX_NODE*)NULL) )

trap - Ctodie) .prev;

(*tmp) .next - (“todi
tmp 7 (*todie).next;
(*tmp) .prev - (*todie).prev;
return;
if ( (ctodie) .prev — (VERTEX NODE*)NULL)
ft ((“todie).next !- (VERTEX_NODE*>NULL) )
1
vertexHead - tmp - Ctodie) .next;
ctmpl.prev - (VERTEXNODE*) NULL;
return;
1
if ( (Ctodie) .prev (VERTEX NODE*)NULL)
ft (Ctodie) .next — (VERTEX_NODE*)NULL) )

tmp - Ctodie) .prev;
(=tmp) .next - (VERTEX_NODE“)NULL;
return;

void VertexList::TrimSearchLi3tQ

VERTEX NODE “cur, etmpPtr-(VERTEXNODE*)O
int trimmed”TRUE;

I cout « “"Trimming search list to " « searchTrimDist « " or less\n
if ((searchHead - (VERTEX_NODE “)NULL)
Il (searchTrimDist < 0.0))
return;
cur - searchHead;
while ([tmthr I- cur) Il (trimmed — TRUE))

if (trimmed- TRUE)

tmpPtr-cur;
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trimmed=FALSE;

if ((*cur).searchDist >= searchTrimDist)

11 cout << "Trimmed out (";
11 cout « cur->t « M" « cur->w « "« cur->i «
11 cout « "Dist was " « cur->searchDist « "\n";

if (cur == cur->searchNext)

RemoveFromSearchList(cur);

break;
else
tmpPtr = cur->searchNext;
RemoveFromSearchList(cur);
cur = tmpPtr;
trimmed = TRUE;
else
) cur - cur->searchNext;
11 cout « R et | LI
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