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ABSTRACT

The project focuses on electronic repair in CNC machine. This 

is justified given that electronic causes determine a high 

percentage of automated CNC machine failures.

An intelligent maintenance workstation is proposed as a vehicle for 

redressing the problem of uncertainty in the skill level of repair 

staff and as a means of enhancing the pace of repair under normal 

circumstances.

The suitability of expert systems in electronic fault diagnosis is 

established through a review of the literature and a realistic role 

for an expert system in the definition of the workstation is 

determined. Circuit interrogation is carried out using a

combination of instruments, probes and driving software written in 

'C'. Procedural guidance available from the expert system and 

detailed circuit knowledge is reproducible in the workstation from 

pre stored CAD data base files. In the absence of a CNC machine to 

carry out the implementation, a partial implementation only was 

possible. However all of the elements were included and credibility 

given to the proposal.
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CHAPTER 1
INTRODUCTION

1.1 Motivation for the Project

During the last 20 years, the complexity of the mechanical

aspect of machine tools has significantly increased; this has been 

accompanied by a corresponding complexity of electronics.

In the early 197 0's, Alfred Herbert limited introduced a variety of 

computer numerical control CNC turning machine tools. These were 

continuously modified in the light of experience gained in the 

field; subsequently, updated models were developed and, more 

recently, microprocessor control, together with manual data input 

CNC systems were introduced.

Because of its considerable inherent flexibility, a CNC machine is 

capable of producing an output (machining rate) of up to three to 

four times the output of manually operated conventional machines.

Because of the high output of these machines, breakdowns have an

increased significance, since the breakdown of a single CNC machine 

can result in the production of an entire workshop being halted 

[34] .

In short, CNC equipment availability seldom reached much beyond the 

60 percent level, because nine times out of ten the maintenance 

people could not make the necessary repairs. So it was necessary to 

call in the machine manufacturer's maintenance people, who, of 

course, were not immediately available, so the down time was 

measured in days.
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To solve the maintenance problem, a technician was hired, to 

specifically cope with control unit emergencies and maintenance. So 

he instituted a preventive maintenance program, and he was able to 

restore equipment to operating condition within an hour or two 

(when parts were available) instead of the two or three days. But 

when this technician left the plant the situation reverted to its 

original status. The search for a more practical solution led some 

plants to a nation wide CNC maintenance service, that means they 

signed a contract with the manufacturer's for minor and major 

preventive maintenance, which is the key to improve operational 

efficiency [3].

JACK MOORHEAD [4] recommended the provisions for programming 

maintenance and operation to be made before the CNC machine tool 

arrive on the shopfloor, and the CNC users should be in a position 

to support and sustain CNC operation internally, even though there 

is considerable assistance available from the outside.

He said, that "to develop this internal capability it is important 

to select the right people and train them thoroughly.

Three groups are involved :

(1) part programmer.

(2) machine operators.

(3) maintenance technicians."

He added "a minimum number of adequately trained people can keep 

the CNC running".

Also when these trained people left the plant the situation 

reverted to its original status, and the breakdown time will cause 

a halt of the production to the entire workshop.

To solve the problem of depending on expert people, some companies 

developed expert systems, however, until the early eighties, expert
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systems required tremendous development work and often special 

purpose hardware.

"The appearance of micro-computerization and more user friendly 

computer program languages led us to investigate the application of 

these new techniques to corrective maintenance of NC machine-tools"

[33] .

1 .2 sinnmrv of  the Project

Usually, any workshop, which contains a large number of CNC 

machines, has its special workstation. This workstation is 

controlled by a service engineer, who is responsible for solving 

any problems that might happen to any of the machines in the 

workshop.

In the case of a breakdown to any machine, the service engineer 

will collect all the information about the machine, and equiped 

with service catalogues and some testing devices, will go to the 

machine location to fix it.

That work may take one or two weeks with a non-expert person, and 

may only take hours with an expert. As a result, maintenance 

engineers are forced to keep up with advances in any technology 

that will reduce downtime.

But as mentioned, in the case of the absence of the expert person, 

the maintenance will depend on the non-expert, who will take a long 

time to fix the broken machine.

This project concentrated on CNC machine corrective maintenance. So 

an intelligent mobile workstation was developed for this purpose. 

Fig. 1-1, shows the intelligent mobile workstation (mobile unit) 

inside the CNC machine workshop. This intelligent mobile 

workstation is controlled by EXP-Test System (the expert system

3



CMC

MACHINEa

1

i CMC 
! 1
! MACHINE I !_______ — i

I -------------

I CnC 
1 MACHINE
i !

fig. 1-1. The Intelligent Mobile Workstation

which was developed inside VP-Expert system shell).

EXP-Test System is a highly flexible, user friendly, and 

pattern_directed inference system, that is adequate for hardware 

fault diagnosis, and is accompanied by a two dimensions graphic 

system; a functional dimension, and a physical dimension. The 

physical dimension sketches the circuit layout and the functional 

dimension sketches the circuit schematic. this is important for 

accessing any component on the circuit.

As a result this will reduce the breakdown time of the CNC machine 

and will allow any maintenance engineer or technician with little 

experience to repair the machine quickly. This he can do without 

returning to the service manual for information about the broken 

machine, having an integrated system which contains complete 

information, procedural and graphic.

The intelligent mobile workstation (mobile unit) has five

SERUICE

ENGINEERS

MOBILE UNIT 

I. * »
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fig. 1-2. The Components of the Mobile Unit

components as shown in fig. 1-2 :

(1) User interface (P.C. screen).

(2) Expert system (VP-EXPERT).

(3) TURBO.C system (TC2).

(4) Graphic system (OrCAD).

(5) Hardware system (controller, IEEE interface card 

Digital Oscilloscope, and Logic Analyzer) .

In the case of a problem the service engineer will move the mobile 

unit to the location of the broken machine, switch on the unit and 

follow the instruction of the expert system.

The main input to the system is the test signal from the test 

equipment. This signal is compared with the reference signal inside 

TURBO.C system, then the result is chained through the function
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test rules and a list of components in which the fault might lie is 

produced, this is the fault candidate list.

The expert system will inform the user and guide him on were to put 

the probe to get the test signal- In addition it will call a 

program in TURBO.C, which converts an OrCAD program for drawing the 

schematic and layout diagrams by (HP plotter), and sketch the 

mentioned diagrams on the screen of the P.C. using the graphic 

library in (TC2).

The system backward-chains through these rules with the goal of 

discovering which of the fault candidates is indeed faulty. If it 

is difficult to get some information using the test equipment, the 

Expert System will query the user for that information. So the 

system gets the extra information that it needs to isolate a fault 

by asking the user about the faulty device, and the existence and 

nature of signals at various points in the circuit.

1.3 Aim of the Project

The aim of the project was to develop a mobile intelligent 

workstation that will:

(1) Include an expert system for electronic fault diagnosis 

which incorporates both deep and shallow knowledge.

(2) Be independent of the need for an expert service 

engineer.

(3) Achieve a quick and easy corrective maintenance to any 

CNC machine.

(4) Decrease the number of service engineers and technicians 

that are needed for maintenance.

(5) Decrease the downtime of any CNC equipment.

(6) Transfer the knowledge between service engineers.
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CHAPTER 2
WORKSTATION SPECIFICATION

2.1 Introduction

As mentioned in the previous chapter, a CNC machine has high 

output, which increases the significance of breakdown time since 

the breakdown of a single CNC machine can result in the production 

of an entire workshop being halted. The maintenance workstation 

associated with a CNC workshop has more significance than a 

workstation inside other workshops where linked production is not 

going on. This chapter will describe the CNC machine maintenance 

workstation specification and the software tools which are designed 

to reduce breakdown time.

2.2 General Workstation Specification

In general every workstation will have a number of 

specifications, to achieve its aims.

In this case they can be broken down into:

1. Service engineer specifications.

2. Test equipment specifications.

2.2.1 Service Engineer Specifications

For the propose of maintaining the CNC machine, which is a 

very complex machine, an expert service engineer who will have 

worked in the maintenance field for a long time, following a 

training course at a CNC machine manufacturer is necessary.

So the service engineer would typically have as minimum
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specification :

1. A good knowledge in maintenance from experience.

2. A specific background in fixing CNC machines.

3. Because circuit complexity is increasing (doubling 

about every two years) he must be able to keep up with 

advances in any technology that will reduce downtime.

2.2.2 Test Equipment Specification

Usually in any workshop which deals with manually controlled 

machines, the basic test tools which are adequate for testing power 

supply, some electrical components, and simple logic circuits 

should be available. These tools include :

1. Analog multimeter.

2. Digital multimeter.

3. Oscilloscope.

4. Function generator.

5. Power supply.

The test or service equipment used in CNC machine troubleshooting 

is basically the same as that used in other fields of electronics. 

That is, most procedures are performed using conventional meters 

(including high voltage meters for measurement of video terminal 

CRT voltages), multitrace oscilloscopes (for measurement of pulses 

on data and address buses, clock and other control lines, etc. ), 

and assorted clips, patchcords, power supplies, and hand tools. 

Theoretically, all CNC machine troubleshooting problems can be 

solved using such instruments.

However, there are some specialized test instruments that greatly 

simplify microcomputer service (just as they do for any programed, 

digital device composed mostly of ICs). such specialized equipment
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includes :

(1) LOGIC PROBE

Such probes will detect and indicate high and low (1 or 0) 

logic levels, as well as intermediate or "bad" logic 

levels, including an open circuit, on a single line of CNC 

machine circuit.

(2) LOGIC PULSER

Such pulsers are hand-held logic generators used for 

injecting controlled pulses into digital logic circuits.

(3) CURRENT TRACER

Such current tracers are hand-held probes that enable the 

precise localization of low-impedance faults in electrical 

systems (including typical CNC machine printed-circuit 

wiring).

(4) LOGIC CLIP

Such clips are designed for logic-level determination only 

on ICs using TTL and DTL circuits.

Generally, clips can test flip-flops, gates, counters, 

buffers, adders, shift registers, and the like, but will 

not test ICs with nonstandard input levels or expandable 

gates.

(5) LOGIC COMPARATOR

Such comparators clip onto 16-pin ICs and, through a 

comparison scheme, instantly display any logic state 

differences between the test IC and a reference IC.

Logic differences are identified to the specific pin or 

pins of the IC with the comparator's display of 16 LEDs. A 

lighted LED corresponds to a logic difference.

(6) LOGIC ANALYZER

9



Although single stepping and a check of system timing can 

pinpoint many CNC machine problems, there are two obvious 

problems. First, present-day multitrace oscilloscopes do 

not have enough traces to accommodate all the lines in data 

and address buses simultaneously. Second, and more 

important, a typical data byte is 8 bits, and thus requires

8 clock pulses, or 8 one-at-a-time pushes of the single-

step button. Since all program steps require at least one 

byte (and often two or three bytes, possibly 24 bits), you 

must push that button many times if the malfunction occurs 

at step 3333 of the program! This means that you must spend 

endless hours comparing program lists against binary 

readouts at addresses.

(If you are already familiar with troubleshooting of any 

programmed device, you know that the most time-consuming 

part of the task is in making such comparison.)

The logic analyzer overcomes this basic problem by

permitting you to select the data at a particular address 

for display. The logic analyzer will then run through the 

program at near the normal system speed (a fraction of a 

second) and display the selected data at the desired

breakpoint or between two breakpoints in the program [69].

2.3 Breakdown Tima

In the case of a breakdown to any CNC machine in the mentioned 

workshop, the service engineer will collect all the information 

about the broken machine and equipped with the service catalogues, 

and all the test equipment which have just been mentioned, will go 

to the machine location to fix it.
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That work may take one or two weeks with a non-expert person 

(service engineer or technician, who doesn't meet the previous 

specification for the service engineer sec. 2.2.1), and may only 

take hours with an expert (person who has the service engineer's 

specification).

2.4 The Alternative Solution

To solve the problems which will face any manufacturer when 

installing workstations inside his plant, which contain CNC 

machines, and to allow service engineers or technicians to carry 

out the necessary maintenance to any of the machines, an 

intelligent mobile unit was developed, controlled by an expert 

system.

Two situations have been mentioned viz:

1. Maintenance where the skill level of the maintenance 

engineer or technician is uncertain.

2. Maintenance where the skill level of the maintenance 

engineer is high.

In specifying the workstation, the intention is to assume the 

realistic situation of an uncertain skill level in the maintenance 

staff (arising through inadequate training, turnover etc.) whilst 

attempting through maximum support in the workstation, to achieve 

the level of performance possible with the highly skilled 

maintenance person.

Translating this intention into appropriate technology-hardware and 

software- is the essence of this project.

The make-up of the hardware has already been hinted at. The major 

components are:

(1) A controller (Personal Computer).
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(2) Digital Oscilloscope.

(3) Logic Analyzer.

(4) A suitable hardware interface.

(5) Probes and other ancillary equipment.

In chapter three the hardware make-up of the workstation is dealt 

with in more detail.

In defining the software many more issues arise such as:

1. What routine software is necessary to drive the instruments?

2. How should the man_machine interface be defined?

3. What level of support is possible with an expert system?

4. If an expert system is to be used, can an off-the-shelf 

expert system be integrated with a standard programing 

language such as 'C'?

5. How do we define the knowledge base given the

context- electronic circuit knowledge is usually documented 

graphically yet maintenance procedures may be stated

linguistically?

6. Maintenance procedures and solutions can be at two very 

distinct levels- shallow and deep- how do we accommodate 

that?

These are examples of the many unfolding issues that arise in any 

attempt to define the software. Most of the agonizing centres 

around the question of knowledge encapsulation and representation. 

Following considerable reading in this area we concluded that any 

attempt to encapsulate known diagnostic procedures in a linguistic 

based expert system would be impossible given the near infinity of 

loops and breakdown possibilities in even modestly complex 

electronic and electromechanical systems. The partitioning of

knowledge into "shallow" and "deep" is useful and has been used as

12



follows.

Routine isolated faults that constitute the largest group of all 

faults (power supply problems for example) are classifiable as 

shallow from a knowledge point of view.

Any problem which requires information with detailed circuit 

information which is normally preserved graphically is classified 

as 'deep' from a knowledge point of view.

The following assumptions underpin the proposed intelligent 

maintenance workstation.

1. Shallow knowledge with diagnostic procedures can be

encapsulated in a standard expert system shell and will

enhance the pace of early fault diagnosis.

2. The normal context applying in the diagnosis of complex

faults must be acknowledged in the sense that:

(a) Graphical information is available and used.

(b) convergence to fault identification is open-ended, 

uncertain, interactive, involves learning whilst 

persueing the fault, and the outcome is unpredictable.

The conclusion reached in defining the software specification 

therefore is that all of the following elements must be available.

1. Routine software for signal detection and instrument 

driving.

2. An expert system shell for shallow knowledge encapsulation 

and user guidance.

3. A graphical facility to allow the introduction of "deep 

knowledge” in the context of complex fault diagnosis.

Specifically the following hardware and software elements 

constitute the workstation.
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This unit consists of four hardware parts which are:

(1) Controller (personal computer).

(2) IEEE interface card.

(3) Digital oscilloscope.

(4) Logic analyzer.

And from four software packages which are:

(1) VP-EXPERT system.

(2) TURBO.C system.

(3) Oread system.

(4) IEEE software system.

By including all the information which is important for fixing CNC 

machines, plus the schematic diagram and layout circuit diagram, 

inside the data base of the expert system, and by making the data 

base follow the maintenance tree, the CNC machine maintenance can 

be made very easy.

As a result this will reduce the breakdown time of the CNC machine 

and will allow any maintenance engineer, or technician with limited 

experience of repair of CNC machines to complete the service 

without having to refer to paper based information.
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CHAPTER 3
HARDWARE CONFIGURATION

3 »1♦ Introduction

As mentioned in chapter 1, the intelligent mobile unit has five 

components, which are :

(1) User Interface.

(2) Expert System.

(3) TURBO C. System.

(4) Graphic System.

(5) Hardware Sys tem.

This chapter will give a more specific discussion about the 

hardware system, which is illustrated in fig. 3-1 and consists of 

five parts:

(1 ) C o n t r o l l e r  ( P . C . ) .

(2) IEEE Interface Card.

(3) Digital Oscilloscope.

(4) Logic Analyzer,

(5) Cables.

3.2. The Controller

The controller sends the command signals to the test equipment 

(Digital Oscilloscope and Logic Analyzer), through the IEEE card, 

those command signals cause :

1. Initialize the IEEE bus and the instruments.

2. Sending the setup information to the test equipments.

3. Command the instruments to get the information from the

15
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U.U.T..

4. Command the instruments to send data to the controller.

5. Check that the correct information was received.

After the controller receives the information from the instruments, 

it compares that information with the reference.

3.3. IEEE Interface Card

The intention is to look into automating a test procedure for a 

volume product, so as to reduce costs. This calls for some kind of 

computer, a program and some interface to particular pieces of test 

equipment needed for this job.

Unfortunately, each piece of test equipment has a different number 

and type of control input, this will require a number of different
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i n t e r f a c e  c a r d s  i n  t h e  c o m p u t e r ,  e a c h  w i t h  a  d i f f e r e n t  s o f t w a r e  

d r i v e r .

A l l  t h i s  i n t e r f a c i n g  i s  a n  o v e r h e a d  t o  a c t u a l l y  d o i n g  t h e  r e a l  j o b  

o f  s p e c i f y i n g  a n d  w r i t i n g  t h e  p r o g r a m  t h a t  m a n i p u l a t e s  t h e  t e s t  

i n s t r u m e n t s  t o  a u t o m a t e  t h e  t e s t  p r o c e d u r e .

W h a t  i s  r e q u i r e d ,  i s  t h a t  e v e r y  t e s t  i n s t r u m e n t  h a v e  t h e  s a m e  

i n t e r f a c e  c a r d s .  I t  w o u l d  b e  p r e f e r a b l e  i f  c o m m u n i c a t i o n  v i a  a  

co m m o n  b u s  i n t o  o n e  c a r d  i n  t h e  c o m p u t e r  w e r e  a v a i l a b l e .

B e f o r e  t h e  s o l u t i o n  i s  d e s c r i b e d ,  a  b r i e f  r e v i e w  o f  D i g i t a l  

C o m m u n i c a t i o n  p r i n c i p l e  i s  g i v e n .

3.3.1 Introduction to Digital Communication

S e r i a l  a n d  p a r a l l e l  d a t a  t r a n s f e r  a r e  t h e  t w o  b a s i c  m e t h o d s  o f  

c o m m u n i c a t i n g  d i g i t a l  i n f o r m a t i o n  b e t w e e n  m i c r o p r o c e s s o r s  a n d

p e r i p h e r a l  e q u i p m e n t .  B o t h  t e c h n i q u e s  a r e  i n  w i d e s p r e a d  u s e

t h r o u g h o u t  t h e  i n d u s t r y  a n d  e a c h  h a s  i t s  a d v a n t a g e s  a n d

d i s a d v a n t a g e s .

3.3.1.1 Serial Data Transfer

S e r i a l  d a t a  t r a n s f e r  i s  c o m m o n l y  u s e d  w h e n e v e r  d i g i t a l  

i n f o r m a t i o n  m u s t  b e  r e l a y e d  o v e r  a  r e l a t i v e l y  l o n g  d i s t a n c e .

T h e  d a t a  i s  o f t e n  t r a n s f e r r e d  t h r o u g h  t h e  t e l e p h o n e  w i r e s  o r  o v e r  

t h e  a i r w a v e s  v i a  s o m e  f o r m  o f  r a d i o  c a r r i e r .

T h e  m a i n  r e a s o n  f o r  l o n g - d i s t a n c e  s e r i a l  t r a n s f e r  i s  t h e  r e d u c t i o n  

i n  t h e  n u m b e r  o f  w i r e s  r e q u i r e d  t o  c a r r y  t h e  i n f o r m a t i o n .  

U n f o r t u n a t e l y  t h e  s p e e d  a t  w h i c h  t h i s  d a t a  c a n  b e  t r a n s f e r r e d  

s e r i a l l y  i s  n o r m a l l y  l i m i t e d  t o ,  a t  p r e s e n t ,  n o  m o r e  t h a n  4 , 8 0 0  

b i t s  p e r  s e c o n d  o v e r  c o m m e r c i a l  v o i c e  g r a d e  t e l e p h o n e  e q u i p m e n t .  

L e a s e d  s e r v i c e  i s  a v a i l a b l e  f o r  r a t e s  o f  9 , 6 0 0  b i t s  p e r  s e c o n d .
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I n  t h e o r y  a  v o i c e  g r a d e  c h a n n e l  c a n  c a r r y  u p  t o  a b o u t  2 0 , 0 0 0  b i t s  

p e r  s e c o n d .  H i g h e r  s p e e d s  a r e  a t t a i n a b l e  i f  s p e c i a l  d i g i t a l  

c o m m u n i c a t i o n s  l i n k s  a r e  l e a s e d  f r o m  t h e  t e l e p h o n e  c o m p a n y .

3.3.1.2. Parallel Data Transfer

P a r a l l e l  t r a n s m i s s i o n  i s  u s e d  f o r  s h o r t  d i s t a n c e s  w h e r e  t h e  

s p e e d  o f  i n f o r m a t i o n  t r a n s f e r  i s  c r i t i c a l .  T h i s  f o r m  o f  d a t a  

c o m m u n i c a t i o n  i s  f o u n d  i n  n e w e r  t y p e s  o f  c o m p u t e r  p e r i p h e r a l  

e q u i p m e n t  w i t h  t r a n s f e r  s p e e d s  o f  u p  t o  o n e  m i l l i o n  c h a r a c t e r s  p e r  

s e c o n d .  T h i s  e q u i p m e n t  i n c l u d e s  p r i n t e r s ,  d i s k  d r i v e r s  a n d  v a r i o u s  

o t h e r  f o r m s  o f  p e r i p h e r a l  c o m p o n e n t s .

3.3.1.3 Asynchronous Serial Data

S e r i a l  d a t a  i s  t r a n s f e r r e d  i n  e i t h e r  t h e  a s y n c h r o n o u s  o r  

s y n c h r o n o u s  f o r m .  I n  a s y n c h r o n o u s  t r a n s m i s s i o n ,  s o m e  t i m e s  r e f e r r e d  

t o  a s  s t a r t - s t o p  t r a n s m i s s i o n ,  s t a r t  a n d  s t o p  b i t  i n t e r v a l s  a r e  

t r a n s m i t t e d  w i t h  e a c h  b y t e  o f  i n f o r m a t i o n  f o r  t h e  p u r p o s e  o f  

s y n c h r o n i z a t i o n .  N o  c l o c k  w a v e f o r m  i s  t r a n s m i t t e d  w i t h  a s y n c h r o n o u s  

d a t a ,  s i n c e  t h e  s t a r t  a n d  s t o p  b i t s  a r e  u s e d  f o r  s y n c h r o n i z a t i o n .

I n  s y n c h r o n o u s  d a t a  t r a n s m i s s i o n ,  s y n c h r o n i z a t i o n  i s  e f f e c t e d  b y  

t r a n s m i t t i n g  a  s y n c h r o n i z a t i o n  c h a r a c t e r  o r  t w o ,  f o l l o w e d  b y  a  

l a r g e  b l o c k  o f  d a t a .  I n  a d d i t i o n  t o  t h e  s y n c  c h a r a c t e r s ,  a  c l o c k  

w a v e f o r m  m u s t  a l s o  b e  t r a n s m i t t e d .

T h e r e f o r e ,  s y n c h r o n i z a t i o n  o c c u r s  f o r  a  b l o c k  o f  d a t a  i n  a  

s y n c h r o n o u s  s y s t e m  a n d  f o r  e a c h  p i e c e  o f  d a t a  i n  a n  a s y n c h r o n o u s  

s y s t e m .

F i g .  3 - 2  i l l u s t r a t e s  t h e  t y p i c a l  f o r m a t  u s e d  f o r  t r a n s m i t t i n g  d a t a  

a s y n c h r o n o u s l y .  E a c h  p i e c e  o f  i n f o r m a t i o n  i s  p r e c e d e d  b y  a  s t a r t  

b i t  t h a t  i s  a t  a  l o g i c  z e r o  o r ,  b y  d e f i n i t i o n ,  a  s p a c e .  T h i s  i s
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f i g .  3 - 2 .  A s y n c h r o n o u s  S e r i a l  D a t a

f o l l o w e d  b y  d a t a  b i t s  t h a t  c o m p r i s e  t h e  i n f o r m a t i o n  t h a t  i s  a l w a y s  

t r a n s m i t t e d  w i t h  t h e  l e a s t  s i g n i f i c a n t  b i t  f i r s t .  T h e  s t o p  b i t ,  o r  

b i t s  i n  s o m e  o l d e r  s y s t e m s ,  f o l l o w s  t h e  d a t a  a n d  i s  a l w a y s  a t  t h e  

l o g i c  o n e  l e v e l  o r ,  b y  d e f i n i t i o n ,  a  m a r k .

3.3.1 .4. Baud Rate

T h e  s p e e d  a t  w h i c h  s e r i a l  d a t a  i s  t r a n s f e r r e d  i s  r e f e r r e d  t o  a s  

i t s  b a u d  r a t e .  T h e  b a u d  r a t e  i s  a r r i v e d  a t  b y  t a k i n g  t h e  r e c i p r o c a l  

o f  t h e  b i t  t i m e  i n t e r v a l  f o r  m o s t  a p p l i c a t i o n .  R e f e r  t o  t h e  s e c t i o n  

o n  PSK ( p h a s e  s h i f t  k e y i n g )  f o r  a  d i f f e r e n t  d e f i n i t i o n  o f  b a u d  r a t e  

a s  i t  a p p l i e s  t o  t h a t  f o r m  o f  d a t a .  F o r  e x a m p l e ,  a  b i t  t i m e  o f  9 . 0 9  

m s w o u l d  h a v e  a  r a t e  o f  1 1 0  b a u d ,  e x c e p t  f o r  P S K . I f  t h e  s e r i a l  

m e s s a g e  c o n s i s t s  o f  a  s t a r t  b i t ,  8 d a t a  b i t s  , a n d  2  s t o p  b i t s ,  a  

s y s t e m  w o r k i n g  a t  t h i s  r a t e  w o u l d  b e  c a p a b l e  o f  t r a n s f e r r i n g  1 0  

b y t e s  o f  d a t a  p e r  s e c o n d .

T a b l e  3 - 1  i l l u s t r a t e s  s o m e  c o m m o n l y  u s e d  b a u d  r a t e s ,  a l o n g  w i t h  t h e  

n u m b e r  o f  s t o p  b i t s  a n d  d a t a  b i t s ,  t y p e  o f  t r a n s m i s s i o n ,  a n d  t h e  

n o r m a l  a p p l i c a t i o n  o f  e a c h .

N o t e  t h a t  a l l  o f  t h e  b a u d  r a t e s  l i s t e d  a r e  m u l t i p l e s ,  e x c e p t  1 1 0  

b a u d ,  w h i c h  i s  u s e d  f o r  c o m m u n i c a t i o n s  b e t w e e n  e l e c t r o m e c h a n i c a l  

t e l e t y p e w r i t e r s  ( w h i c h  a r e  q u i c k l y  d i s a p p e a r i n g ) . T h e  o n l y  s y s t e m s  

e m p l o y i n g  2  s t o p  b i t s  o r  1 . 5  s t o p  b i t s  w e r e  d e s i g n e d  f o r  m e c h a n i c a l  

d e v i c e s .  T h e  e x t r a  t i m e  a l l o w e d  b y  a d d i t i o n a l  s t o p s  w a s  r e q u i r e d
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Data Stop
Baud Bits Bits T>pe Application

110 5 1.5 A syn chron ou s Baudot TTY
110 7 + P* 2 A syn chron ou s ASCII TTY

O o 7 + P 1 A syn chron ou s FSK  M O D EM
600 7 + P 1 A syn chron ou s FSK  M O D EM

1200 7 + P 1 A syn chron ou s FSK  M O DEM
241)0 Variable - Synchronous PSK MODEM
4800 Variable - Synchronous PSK M O DEM
9600 Variable - Synchronous PSK MODEM

NOTE: ’ P = Parity TTY = Telet\ new rile r
MODEM = MOdulLilor DEModnlatur

t a b l e . 3 - 1 .  C o m m o n ly  U s e d  B a u d R a t e s

f o r  m e c h a n i c a l  s y n c h r o n i z a t i o n  i n  t h e s e  d e v i c e s .  A l l  o t h e r  s y s t e m s  

u s e  1 s t o p  b i t .

3.3 .1.5 Synchronous Serial Data

I n  s y n c h r o n o u s  t r a n s m i s s i o n ,  d a t a  i s  t r a n s m i t t e d  w i t h  c l o c k  

p u l s e s ,  s o  i t  i s  n o t  n e c e s s a r y  t o  s e n d  s y n c h r o n i z a t i o n  b i t s  a l o n g  

w i t h  t h e  d a t a ,  a s  w i t h  t h e  a s y n c h r o n o u s  s y s t e m .

S y n c h r o n i z a t i o n  c a n  b e  a c c o m p l i s h e d  b y  t r a n s m i t t i n g  s y n c  

i n f o r m a t i o n  p e r i o d i c a l l y .

F o r  e x a m p l e ,  t r a n s f e r r i n g  1 0 0  b y t e s  o f  i n f o r m a t i o n  b y  a s y n c h r o n o u s  

m e t h o d s  w o u l d  t a k e  1 0 0 0  b i t  t i m e s .  T h i s  a s s u m e s  t h a t  1  s t a r t  a n d  1 

s t o p  b i t  p e r  b y t e  o f  d a t a  i s  b e i n g  t r a n s m i t t e d .  I n  a  s y n c h r o n o u s  

s y s t e m  t h a t  s e n d s  1 s y n c  b y t e  b e f o r e  t h e  s t a r t  o f  t r a n s m i s s i o n  a n d  

e n d  o f  m e s s a g e  c h a r a c t e r  a t  t h e  e n d  o f  t r a n s m i s s i o n ,  i t  r e q u i r e s  

o n l y  8 1 6  b i t  t i m e s .

I f  i n f o r m a t i o n  i s  t r a n s m i t t e d  f o r  a n y  e x t e n d e d  p e r i o d  o f  t i m e ,  

s y n c h r o n o u s  c o m m u n i c a t i o n  i s  o b v i o u s l y  m u c h  m o r e  e f f i c i e n t .

S i n c e  t h i s  s y n c h r o n o u s  c o m m u n i c a t i o n  c a n  t a k e  m a n y  f o r m s ;  m a n y  

c o m p u t e r  m a n u f a c t u r e r s  h a v e  d e v e l o p e d  s t a n d a r d  c o m m u n i c a t i o n s
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p r o t o c o l s ,  s u c h  a s  BISY NC ( b i n a r y  s y n c h r o n o u s  c o m m u n i c a t i o n s ) , a n d  

HDLC ( h i g h - l e v e l  d a t a  l i n k  c o n t r o l )  .

S vn c r o n i za t io n Data

Svnc S\  nc Data Data D a t a  (I Data Da t a Data End
char c ha r b\  le b\  le bs te ) ) bvt e b \  te b \  te of
1 1 T 3 i f N N N transmiss ion

Bi sync  d a t a  f o r ma t

Op en i n g  a d d r e s s  con t ro l
I nf or mat ion  N-b i t s

o m i n o 8 bi ts 8 bi ts

E r r o r  c h e c k  clos ing

16-bit C R C o m i n o

H D L C / S D L C  d a t a  f o r ma t
f i g .  3 - 3 .  Two F o r m s  o f  S y n c h r o n o u s  S e r i a l  C o m m u n i c a t i o n s  P r o t o c o l s

T h e s e  t y p e  o f  p r o t o c o l s  a r e  i l l u s t r a t e d  i n  f i g .  3 - 3 .  B IS Y N C  i s  a  

b y t e  o r i e n t e d  p r o t o c o l ;  SDLC a n d  HDLC a r e  b o t h  b i t  o r i e n t e d  

p r o t o c o l s  [ 7 5 ] .

3.3.2. The Solution

T h e  I E E E - 4 8 8  p a r a l l e l  d a t a  t r a n s f e r  s t a n d a r d  w a s  d e v e l o p e d  b y  

t h e  H e w l e t t - P a c k a r d  C o r p o r a t i o n  f o r  u s e  i n  t h e i r  i n s t r u m e n t s .  I t  

w a s  a d o p t e d  a s  a  g e n e r a l  p u r p o s e  i n s t r u m e n t a t i o n  b u s  ( G P I B )  b y  IE E E  

i n  1 9 7  5 .  T h i s  s t a n d a r d  i s  l i k e  t h e  R S - 2 3 2 C  s t a n d a r d  b e c a u s e  i t  

d e f i n e s  t h e  p i n  c o n n e c t i o n s ,  p r o t o c o l ,  a n d  s t a n d a r d  m e s s a g e s  f o r  

c o m m u n i c a t i o n s .

T h e  I E E E - 4 8 8  i n t e r f a c e  b u s  i s  a  m e a n s  o f  c o n n e c t i n g  a  n u m b e r  o f  

i n s t r u m e n t s  t o  a  co m m o n  i n p u t / o u t p u t  p o r t  o f  a  c o m p u t e r .

A n  8 l i n e  b u s  c a r r i e s  a d d r e s s e s ,  d a t a  a n d  c o m m a n d s  b e t w e e n  

i n s t r u m e n t s  a n d  t h e  c o m p u t e r .  E a c h  i n s t r u m e n t  h a s  a n  a d d r e s s  o r  

a d d r e s s e s  a s s i g n e d  t o  i t  ( u s u a l l y  b y  m e a n s  o f  a  D I L  s w i t c h  o n  t h e
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i n s t r u m e n t )  a n d  c a n  b e  c a l l e d  u p  b y  t h e  c o m p u t e r .

A f t e r  a c t i v a t i o n  t h e  a d d r e s s e d  i n s t r u m e n t  m a y  e i t h e r  s e n d  d a t a  

( t a l k )  o r  r e c e i v e  d a t a  ( l i s t e n ) ,  b e f o r e  b e i n g  d e - a c t i v a t e d  ( u n t a l k ,  

u n l i s t e n )  a n d  t h e  n e x t  i n s t r u m e n t  a c t i v a t e d .

An i n s t r u m e n t  t h a t  c a n  s e n d  d a t a  i s  c a l l e d  a  t a l k e r .  L i k e w i s e ,  o n e

t h a t  c a n  r e c e i v e  d a t a  i s  a  l i s t e n e r  a n d  o n e  t h a t  c a n  s e n d  o r

r e c e i v e  i s  c a l l e d  a  t a l k e r ,  l i s t e n e r .  T h e  c o m p u t e r  i s  c a l l e d  t h e

c o n t r o l l e r .

T h e r e  m a y  b e  o n l y  o n e  c o n t r o l l e r  a c t i v e  o n  t h e  b u s  a t  a n y  

t i m e ,  a l t h o u g h  c o n t r o l  m a y  b e  t r a n s f e r r e d  f r o m  o n e  c o n t r o l l e r  t o

a n o t h e r .  A l s o ,  t h e r e  m a y  b e  o n l y  o n e  t a l k e r  a c t i v e  o n  t h e  b u s  a t  

a n y  o n e  t i m e ,  a l t h o u g h  t h e r e  m a y  b e  m a n y  l i s t e n e r s  i f  d e s i r e d .  

P h y s i c a l  ( e l e c t r i c a l )  l i m i t a t i o n s  a r e ,  u p  t o  1 5  d e v i c e s  c o n n e c t e d  

t o  t h e  b u s ,  w i t h  n o  m o r e  t h a n  2  m e t e r s  b e t w e e n  t h e m  o r  2 0  m e t e r s  

b u s  l e n g t h  o v e r a l l .  A l s o ,  m o r e  t h a n  50% o f  t h e  i n s t r u m e n t s  

c o n n e c t e d  m u s t  b e  p o w e r e d  u p  e v e n  i f  n o t  u s e d .

n o w a d a y s ,  b u s  e x t e n d e r s  e x i s t  t o  b o t h  e x t e n d  t h e  b u s  i n  l e n g t h  a n d  

t o  i n c r e a s e  t h e  n u m b e r  o f  i n s t r u m e n t s  o n  t h e  b u s .

3.3.3. The IEEE-488 Bus Lines

R e f e r r i n g  t o  f i g .  3 - 4  t h e  b u s  c o m p r i s e s  a  n u m b e r  o f  l i n e s  

c o n n e c t e d  t o  e a c h  i n s t r u m e n t  i n  t u r n .

T h e  e l e c t r i c a l  n a t u r e  o f  t h e  i n t e r f a c e  a t  e a c h  i n s t r u m e n t  i s  s h o w  

i n  t h i s  f i g u r e .  A s  a  " w i r e  OR" f u n c t i o n  i s  i m p l e m e n t e d ,  t h e  b u s  

l i n e  i s  a c t i v e  o r  t r u e  w h e n  l o w ,  i . e .  a t  0 . 4 v  o r  l e s s .

W h en  n o t h i n g  i s  d r i v i n g  t h a t  p a r t i c u l a r  b u s  l i n e ,  i t  w i l l  s i t  a t  

a b o u t  + 3 . 3 v  a n d  b e  r e a d  a s  i n a c t i v e  o r  f a l s e .

T h e  m a x im u m  b u s  t r a n s f e r  s p e e d  i s  s u p p o s e d  t o  b e  o n e  m i l l i o n  

t r a n s f e r s  p e r  s e c o n d .  I n  a c t u a l  f a c t ,  v e r y  f e w  m e a s u r e m e n t  s e t _ u p s
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+5V

DATA DATA

CONTROLLER

BUS LINE "INACTIVE" V = + 3 .3VB
BUS LINE "ACTIVE" V = + 0 .4VB



+5V +5V

INSTRUMENT 1 INSTRUMENT 2



c o m e  a n y w h e r e  n e a r  t h i s  s p e e d .

R e f e r r i n g  t o  f i g .  3 - 5  t h e  b u s  i s  m a d e  u p  o f  1 6  l i n e s  a n d  8 g r o u n d s  

m a k i n g  2 4  l i n e s  i n  a l l .

f i g .  3 - 5 .  T h e  G P IB  B u s  L i n e s

I g n o r i n g  t h e  g r o u n d s  f o r  t h e  m e a n t i m e ,  t h e  1 6  l i n e s  a r e  d i v i d e d  

i n t o  t h r e e  g r o u p s ,  n a m e d  t r a n s f e r  c o n t r o l  l i n e s  o r  H a n d s h a k e ,  B u s  

M a n a g e m e n t  l i n e s  a n d  t h e  D a t a  B u s .

T h e  D a t a  B u s  c o n s i s t s  o f  e i g h t  l i n e s  c a r r y i n g  a l l  c o m m a n d s ,  d a t a  

a n d  a d d r e s s e s  b i - d i r e c t i o n a l l y  b e t w e e n  i n s t r u m e n t s  a n d  c o n t r o l l e r .  

T h e  H a n d s h a k e  l i n e s  a r e  m a n i p u l a t e d  t o  e n s u r e  t h a t  e a c h  8 b i t  b y t e  

i s  s u c c e s s f u l l y  r e a d  b y  t h e  l i s t e n e r .

T h e  B u s  M a n a g e m e n t  l i n e s  a r e  p r i m a r i l y  u s e d  t o  d i f f e r e n t i a t e  

b e t w e e n  d a t a ,  c o m m a n d s  a n d  a d d r e s s e s  o n  t h e  b u s ,  a s  w e l l  a s  a  

n u m b e r  o f  m i s c e l l a n e o u s  c o n t r o l  f u n c t i o n s  r e g a r d i n g  t h e  p a s s i n g  o f  

d a t a ,  s t a t u s  a n d  c o m m a n d  s t r e a m s  b e t w e e n  d e v i c e s .
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T h e  d a t a  c o n n e c t i o n s  m a y  b e  o p e n  c o l l e c t o r  o r  t h r e e - s t a t e  

l o g i c .  I n  m o s t  a p p l i c a t i o n s  t h e s e  l i n e s  u s e  t h r e e - s t a t e

b i d i r e c t i o n a l  d a t a  t r a n s c e i v e r s ,  s i n c e  t h e y  i n c r e a s e  t h e  u s a b l e  

f r e q u e n c y  r a n g e  o f  t h e  b u s .  T h e  f r e q u e n c y  r a n g e  i s  i n c r e a s e d

b e c a u s e  a  t h r e e - s t a t e  d r i v e r  c o n t a i n s  a  l o w  i m p e d a n c e  p u l l u p

n e t w o r k  t h a t  c h a r g e s  t h e  l i n e  c a p a c i t a n c e  m o r e  q u i c k l y .  T h i s  

r e d u c t i o n  i n  z e r o  t o  o n e  t r a n s i t i o n  t i m e  a l l o w s  h i g h e r  d a t a  

t r a n s m i s s i o n  r a t e s .  T h e  d a t a  p i n s  a r e  l a b e l e d  D I 0 1  t h r o u g h  D I 0 8 ,  

w h e r e  D I 0 1  i s  t h e  l e a s t  s i g n i f i c a n t  b i t  p o s i t i o n  [ 7 6 ]  . T h e  a c t u a l  

p i n  n u m b e r s  a r e  i l l u s t r a t e d  i n  f i g .  3 - 6 .

3.3.3.1. Data Connections

* SIQJAL GROUND
* ATN GND
* SRQ GND
* SFC GND
* NDAC GND
* NRFD GND .
* DAV GND

* TWISTED PAIR WITH
SIGNAL CABLE OF SAME NAME.

f i g .  3 - 6 .  G P IB  I n t e r f a c e  C o n n e c t o r  P l u g
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T o  e n s u r e  t h a t  b y t e s  p a s s  f r o m  t a l k e r  t o  l i s t e n e r ( s ) ,  a  t h r e e  

l i n e  h a n d s h a k e  i s  i m p l e m e n t e d  w i t h  DAV, NDAC a n d  N R F D .

DAV T h e  DAV, o r  d a t a  a v a i l a b l e ,  i s  i s s u e d  b y  t h e  t a l k e r  t o

i n d i c a t e s  t h e  a v a i l a b i l i t y  o r  v a l i d i t y  o f  d a t a  o n  t h e  d a t a

b u s  c o n n e c t i o n s .

NRFD T h e  NRFD c o n n e c t i o n ,  o r  n o t  r e a d y  f o r  d a t a  p i n ,  i s  i s s u e d  b y

t h e  l i s t e n e r  t o  i n d i c a t e s  t h e  r e a d i n e s s  o f  t h e  d e v i c e  o r

d e v i c e s  c o n n e c t e d  t o  t h e  b u s  t o  r e c e i v e  d a t a .

NDAC T h e  NDAC, o r  n o t  d a t a  a c c e p t e d ,  i s  i s s u e d  b y  t h e  l i s t e n e r  t o

i n d i c a t e s  t h e  c o n d i t i o n  o f  a c c e p t a n c e  b y  t h e  d e v i c e s

c o n n e c t e d  t o  t h e  b u s .

T h i s  h a n d s h a k e  a l l o w s  b y t e s  t o  b e  p a s s e d  a t  t h e  r a t e  t h a t  t h e

s l o w e s t  l i s t e n e r  c a n  t a k e  t h e m .  T h e  h a n d s h a k e  o c c u r s  f o r  e v e r y  b y t e

t r a n s f e r ,  i r r e s p e c t i v e  o f  w h e t h e r  t h a t  t r a n s f e r  i s  d a t a ,  c o m m a n d s  

o r  a d d r e s s e s .

B e f o r e  a  b y t e  i s  s e n t  f r o m  t h e  t a l k e r  t o  t h e  l i s t e n e r s ,  t h e  t h r e e  

h a n d s h a k e  l i n e s  s h o u l d  b e  i n  t h e  s t a t e s  g i v e n  b y  t a b l e  3 - 2 .

3.3.3.2. Handshaking Connections

LINE STATE MEANING

DAV High Data not available
NRFD Eigh Ready for data

NDAC Low Data not accepted

t a b l e  3 - 2 .  Q u i e s c e n t  S t a t e  o f  t h e  H a n d s h a k e  L i n e s

R e f e r r i n g  t o  f i g .  3 - 7  w h e n  t h e  t a l k e r  i s  r e a d y  t o  o u t p u t  d a t a ,  i t  

i n p u t s  NRFD a n d  NDAC (A , B) a n d ,  p r o v i d i n g  t h e y  a r e  i n  t h e  s t a t e
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g i v e n  i n  t a b l e  3 - 2 ,  i t  o u t p u t s  a  b y t e  o n t o  t h e  d a t a  b u s .  A f t e r  

a l l o w i n g  a  f e w  n a n o s e c o n d s  s e t t l i n g  t i m e  i t  d r i v e s  DAV l o w  (C)  

s i g n a l l i n g  t h a t  d a t a  i s  v a l i d  o n  t h e  b u s .

M e a n w h i l e ,  t h e  l i s t e n e r s  a r e  l o o k i n g  a t  DAV, w a i t i n g  f o r  i t  t o  g o  

l o w  a n d ,  w h e n  i t  d o e s ,  t h e y  t a k e  l o w  t h e  NRFD l i n e  ( D ) , s i g n a l l i n g  

t o  t h e  t a l k e r  t h a t  i t  m u s t  n o t  c h a n g e  i t ' s  d a t a .

A t  t h e  s a m e  t i m e ,  t h e  l i s t e n e r s  l a t c h  i n  t h e  d a t a  b y t e  a n d ,  h a v i n g  

d o n e  s o ,  r e l e a s e  t h e  NDAC l i n e  (E )  s i g n a l l i n g  t h a t  t h e y  h a v e  

a c c e p t e d  d a t a .  D u e  t o  t h e  p a r t y  l i n e  n a t u r e  o f  t h e  b u s ,  NDAC w i l l  

n o t  g o  h i g h  u n t i l  t h e  s l o w e s t  l i s t e n e r  h a s  a c c e p t e d  t h e  d a t a .

DA¥

NRFD

NDAC

f i g .  3 - 7 .  T h e  H a n d s h a k e

O n c e  t h e  NDAC g o e s  h i g h ,  t h e  t a l k e r  i n i t i a t e s  a  r e s e t  s e q u e n c e  t o  

p r e p a r e  f o r  t h e  n e x t  b y t e  t r a n s f e r ,  i f  a n y .  T h i s  h a p p e n s  b y  i t  

t a k i n g  DAV h i g h  a g a i n  ( F )  a n d  r e m o v i n g  d a t a  f r o m  t h e  b u s .  T h e  

l i s t e n e r s  i n  r e s p o n s e  t o  DAV g o i n g  h i g h ,  l e t  NDAC g o  l o w  ( G ) , 

s i g n a l l i n g  t h a t  t h e y  h a v e  n o t  y e t  a c c e p t e d  t h e  s u b s e q u e n t  d a t a  b y t e  

( b e c a u s e  i t  h a s n ' t  y e t  b e e n  s e n t ! ! )  a n d  t h e y  l e t  NRFD g o  h i g h  ( H ) , 

t o  s i g n a l  t o  t h e  t a l k e r  t h a t  t h e y  a r e  r e a d y  f o r  ( n e w )  d a t a .
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T h e s e  c o n n e c t i o n s ,  I F C ,  ATN, SRQ, REN, a n d  E O I ,  m a n a g e  t h e  f l o w  

o f  i n f o r m a t i o n  t h r o u g h  t h e  G P I B .

IF C  T h e  I F C ,  o r  i n t e r f a c e  c l e a r ,  i s  i s s u e d  b y  t h e  c o n t r o l l e r  t o

i n i t i a l i z e  a l l  i n s t r u m e n t s  o n  t h e  b u s  t o  t h e i r  k n o w n  s t a t e s .  

ATN T h e  ATN, o r  a t t e n t i o n ,  i s  i s s u e d  o n l y  b y  t h e  c o n t r o l l e r  t o

i n d i c a t e  t h a t  t h e  b y t e  o n  t h e  b u s  i s  a  c o m m a n d ,  o r  a d d r e s s

a n d  n o t  d a t a .

SRQ T h e  SRQ, o r  s e r v i c e  r e q u e s t ,  i s  i s s u e d  b y  a n y  d e v i c e  n e e d i n g

s e r v i c e  f r o m  t h e  c o n t r o l l e r .

REN T h e  r e m o t e  e n a b l e  c o n n e c t i o n s ,  i s  i s s u e d  b y  t h e  c o n t r o l l e r

w h e n  i t  w a n t s  r e m o t e  c o n t r o l  o v e r  a l l  t h e  i n s t r u m e n t s  o n  t h e  

b u s .

EOI T h e  E O I , o r  e n d  o r  i d e n t i f y ,  s e n d  b y  t h e  t a l k e r  w i t h  t h e

l a s t  b y t e  o f  a  d a t a  s t r e a m  t o  i n d i c a t e  e n d  o f  d a t a .

3.3.4. Addressing

A s  a l l  i n s t r u m e n t s  s h a r e  a  co m m o n  b u s ,  t h e r e  m u s t  b e  a  m e t h o d  

o f  s e l e c t i n g  a n  i n s t r u m e n t  f r o m  o t h e r s  t o  m a k e  i t  d o  s o m e t h i n g  

s p e c i f i c .

T h e  I E E E - 4 8 8  b u s  p r o t o c o l  d o e s  t h i s  b y  a l l o w i n g  t h e  c o n t r o l l e r  t o  

s e n d  a n  a d d r e s s  d o w n  t h e  b u s  b e f o r e  s o m e  c o m m a n d  o r  d a t a  i s  s e n t .  

T h e  a d d r e s s e d  i n s t r u m e n t  r e c o g n i z e s  i t s  a d d r e s s  a n d  p r e p a r e s  i t s e l f  

f o r  s o m e  k i n d  o f  a c t i v i t y .

A n a d d r e s s  m a y  b e  s e n t  d o w n  t h e  b u s  b y  m a k i n g  ATN l o w ,  a t  t h e  s a m e  

t i m e  a s  t r a n s m i t t i n g  a  H e x  a d d r e s s  i n  t h e  r a n g e  2 0  t o  3E  

( c o r r e s p o n d i n g  t o  a d d r e s s  0 t o  3 0 i n  d e c i m a l ) , i f  t h e  i n s t r u m e n t  i s  

t o  b e c o m e  a  l i s t e n e r .  A l t e r n a t i v e l y ,  m a k i n g  ATN l o w  w i t h  H e x  4 0  t o  

5 E  w i l l  m a k e  t h e  a d d r e s s e d  i n s t r u m e n t  a  t a l k e r .

3.3.3.3 Interface Management Connections
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I n s t r u m e n t s  g e n e r a l l y  h a v e  t h e  s a m e  a d d r e s s  f o r  t a l k  o r  l i s t e n  a s  

s e t  b y  t h e  a d d r e s s  s e l e c t i n g  D I L  s w i t c h ,  o r  b y  t h e  o t h e r  w a y s ,  

d e p e n d i n g  o n  t h e  i n s t r u m e n t  i t  s e l f .

F o r  e x a m p l e ,  s e l e c t i n g  0 4 o n  t h e  D I L  s w i t c h  w i l l  c a u s e  t h e  

i n s t r u m e n t  t o  r e s p o n d  t o  a d d r e s s  H e x  2 4  f o r  l i s t e n  o r  H e x  4 4  f o r  

t a l k .

I t  s h o u l d  b e  r e m e m b e r e d  t h a t  m o r e  t h a n  o n e  l i s t e n e r  c a n  b e  a c t i v e  

o n  t h e  b u s  a t  a n y  o n e  t i m e ,  b u t  n o t  m o r e  t h a n  o n e  t a l k e r .

3.3.5. Setting the DIL switch on HP-IB Interface Card

T h e  c o n f i g u r a t i o n  s w i t c h e s  o n  t h e  H P - I B  i n t e r f a c e  c a r d  s e t  t h e  

i n t e r f a c e ' s  o p e r a t i n g  p a r a m e t e r s .

T h e y  a r e  s e t  a t  t h e  f a c t o r y  a s  s h o w n  b e l o w  f i g .  3 - 8 .

f i g .  3 - 8 .  T h e  C o n f i g u r a t i o n  S w i t c h e s

T h i s  s e t t i n g  s p e c i f i e s  s e l e c t  c o d e  7 ( m e m o r y  a d d r e s s  D C 0 0 0 )  a n d  

i n t e r r u p t  l e v e l  3 .

A s  a  p r o c e d u r e  t o  c h e c k  t h e  H P - I B  i n t e r f a c e  c a r d  c o n f i g u r a t i o n ,  a  

c o m p a r i s o n  h a s  b e e n  m a d e  b e t w e e n  t h e  s w i t c h  s e t t i n g  o f  t h i s  c a r d  

a n d  w i t h  t h o s e  s h o w n  a b o v e .  A s  t h i s  c o n f i g u r a t i o n  i s  s a t i s f a c t o r y
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f o r  m o s t  s y s t e m s ,  i t  w a s  k e p t  a s  i t  i s .

T h e  a d d r e s s  s w i t c h e s  ( 1  t h r o u g h  4 )  d e t e r m i n e  t h e  m e m o r y  a d d r e s s  a n d

s e l e c t  c o d e  o f  t h e  i n t e r f a c e .  I f  i t  i s  w i s h e d  t o  c h a n g e  t h e

r e c o m m e n d e d  s e t t i n g ,  a n  a d d r e s s  ( o r  s e l e c t  c o d e )  t h a t  i s n ' t  t h e

s a m e  a s  t h e  a d d r e s s  ( o r  s e l e c t  c o d e )  o f  a n y  o t h e r  c a r d  i n s t a l l e d  i n

t h e  s y s t e m  s h o u l d  b e  c h o s e n .

T a b l e  3 - 3  h e l p  f o r  s e t  t h e  a d d r e s s  a n d  s e l e c t  c o d e ,  i t  s h o w s  

a d d r e s s e s  u s e d  b y  s o m e  co m m o n  s y s t e m  c o m p o n e n t s .

M emory Select 1 Switdies 
Address Code ! 1 2 3 4 P oten tial Conflicts

ooU 16 I 0 0 0 0 Used by VGA and EGA.
C-iOOO 1 0 0 0 1 Used by VGA.
C8000 2 0 0 1 0 Used by hard-disk controller on pre-19'5'5 Vectra PC
■:cooo 3 0 0 1 1
D0000 4 0 I 0 0
D4000 5 0 1 0 1
DSOQO 6 0 1 1 0
DC000 7 0 1 1 1 Recom m ended setting.*
E0000 3 1 0 0 0 Used by VGA perform ance setting  on Vectra ES
E4000 9 1 0 0 1 Used by VGA perform ance setting  on Vectra ES.
E3000 10 1 0 1 Û Used by VGA perform ance se tting  on Vectra ES
ECOOO 11 1 0 1 1 Used by VGA perform ance setting  on Vectra ES.
F0000 12 1 1 0 0 Reserved for system  ROM.
F4000 13 1 1 0 1 Reserved for system  ROM.
FS000 14 1 1 1 0 Reserved for system  ROM.
FC000 15 1 1 1 1 Reserved for system  ROM.

* i f  -u have more th an one HP-IB interface, only one can use this setting

t a b l e  3 - 3 .  T h e  A d d r e s s  a n d  S e l e c t  C o d e

T h e  i n t e r r u p t  s w i t c h e s  (5  a n d  6 )  d e t e r m i n e  t h e  l e v e l  a t  w h i c h  t h e  

H P - I B  I n t e r f a c e  i n t e r r u p t s  t h e  C P U . I n t e r r u p t  l e v e l  3 i s  t h e  

f a c t o r y  s e t t i n g .
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A n H P - I B  s y s t e m  c a n  a c c o m m o d a t e  u p  t o  1 4  p e r i p h e r a l s  i n  

a d d i t i o n  t o  t h e  c o m p u t e r ,  w h i c h  i s  t h e  " c o n t r o l l e r "  o f  t h e  s y s t e m .  

T h e  p e r i p h e r a l s  h a v e  b e e n  c o n n e c t e d  u s i n g  (R S  4 8 9 - 3 6 8 )  c a b l e s  1 

m e t e r  l o n g .  T h a t  w a s  d o n e  b y  f o l l o w  t h e  f o l l o w i n g  i n s t r u c t i o n s :

1 .  A s  r e f e r r e d  i n  t h e  p e r i p h e r a l  m a n u a l  t o  f i n d  o u t  h o w  t o  s e t  u p  

t h e  p e r i p h e r a l ,  i t s  p o w e r  c a b l e  w a s  c o n n e c t e d  , a n d  i t  w a s  

s w i t c h e d  o n  ( b e f o r e  c o n n e c t i n g  i t  t o  t h e  c o m p u t e r ) .

2 .  T h e n  i t  w a s  t u r n e d  o f f .

3 .  A b u s  a d d r e s s  f o r  t h e  p e r i p h e r a l  t h a t  d o e s  n o t  c o n f l i c t  w i t h  t h e  

a d d r e s s e s  o f  o t h e r  p e r i p h e r a l s  w a s  d e t e r m i n e d .

E a c h  p e r i p h e r a l  m u s t  h a v e  a  u n i q u e  a d d r e s s  ( t h e  H P - I B  Com m and  

L i b r a r y  u s e s  a d d r e s s  3 0  f o r  t h e  c o n t r o l l e r  a d d r e s s ,  s o  i t  s h o u l d  

n o t  b e  u s e d ) .

4 .  A f t e r  t h a t  t h e  p e r i p h e r a l s  w e r e  c o n n e c t e d .

H e r e  a r e  s o m e  p o i n t s  w h i c h  a r e  i m p o r t a n t  w h e n  c o n n e c t i n g  s e v e r a l  

p e r i p h e r a l s  t o  t h e  i n t e r f a c e :

( 1 )  Up t o  1 4  p e r i p h e r a l s  c a n  b e  c o n n e c t e d  t o  a  s i n g l e  i n t e r f a c e .

( 2 )  D e v i c e s  c a n  b e  i n t e r c o n n e c t e d  i n  a n y  s c h e m e  a s  l o n g  a s  t h e r e  i s  

a n  u n b r o k e n  p a t h  b e t w e e n  e a c h  p e r i p h e r a l  a n d  t h e  c o n t r o l l e r .  

S e v e r a l  d e v i c e s  c a n  b e  c o n n e c t e d  a t  o n e  c o n n e c t o r ,  o r  e a c h  

d e v i c e  c a n  b e  c o n n e c t e d  t o  t h e  n e x t .

( 3 )  T h e  t o t a l  c a b l e  l e n g t h  o n  o n e  i n t e r f a c e  s h o u l d  n o t  e x c e e d

2 m e t e r s  ( 6  f e e t )  t i m e s  t h e  n u m b e r  o f  c o n n e c t e d  d e v i c e s  ( t h e  

c o m p u t e r  i s  c o n s i d e r e d  a s  o n e  d e v i c e )  a n d  i t  s h o u l d  n o t  e x c e e d  

2 0  m e t e r s  ( 6 6  f e e t ) .

F o r  h i g h - s p e e d  d a t a  t r a n s f e r ,  t h e  l e n g t h  s h o u l d  n o t  e x c e e d  1 m e t e r  

(3  f e e t )  t i m e s  t h e  n u m b e r  o f  d e v i c e s ,  a n d  n o t  m o r e  t h a n  1 5  m e t e r s  

( 5 0  f e e t ) .

3.3.6. Connecting Peripherals
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3.4. The Digital Oscilloscope

I n  t h i s  p r o j e c t  t h e  HP 5 4 5 0 1 A  O s c i l l o s c o p e  w a s  u s e d  a s  a  

D i g i t a l  O s c i l l o s c o p e ,  b e c a u s e  i t  i s  a  g e n e r a l  p u r p o s e ,  d i g i t i z i n g  

o s c i l l o s c o p e  t h a t  i s  f u l l y  p r o g r a m m a b l e  a n d  t r a n s p o r t a b l e .  I t  i s  a n

e x c e l l e n t  g e n e r a l  p u r p o s e  d i g i t i z i n g  o s c i l l o s c o p e  b e c a u s e  o f  t h e

f r i e n d l y  u s e r  i n t e r f a c e ,  y e t  i t  h a s  m a n y  s o p h i s t i c a t e d  c a p a b i l i t i e s  

a n d  m u l t i p l e  t r i g g e r i n g  f u n c t i o n s .

3.4.1. Addressing HP 54501A Oscilloscope

T h e  f r o n t  p a n e l  o f  t h e  (HP 5 4 5 0 1 A )  i s  s e p a r a t e d  i n t o  s i x  

f u n c t i o n a l  a r e a s ,  a s  s h o w n  i n  f i g .  3 - 9 .

T h e  M e n u s  S e c t i o n  c o n s i s t s  o f  n i n e  k e y s  t o  s e l e c t  f r o m :

* T i m e b a s e

* C h a n n e l

* T r i g g e r

* D i s p l a y

* W a v e f o r m  M a t h

* W a v e f o r m  S a v e

* D e f i n e  M e a s u r e

* U t i l i t i e s

* D e l t a - t / D e l t a - v

T h e  D i s p l a y  S e c t i o n  c o n t a i n s  t h e  s c r e e n  a n d  s e l e c t i o n  k e y s .  I n  a  

v e r t i c a l  c o l u m n  o n  t h e  r i g h t  s i d e  o f  t h e  s c r e e n  i s  t h e  f u n c t i o n  

d i s p l a y .

T h e  f u n c t i o n s  t h a t  a r e  d i s p l a y e d  a t  a n y  o n e  t i m e  w i l l  c o r r e s p o n d  t o  

a  k e y  i n  t h e  s e l e c t i o n  c o l u m n .  T h e s e  k e y s  c a n  s e l e c t  a n y  a v a i l a b l e  

f u n c t i o n  o r  f i e l d  t h a t  i s  d i s p l a y e d  i n  h a l f r i g h t .

T h e  U t i l i t i e s  M en u  K e y  s h o u l d  b e  p r e s s e d  t o  a d d r e s s  t h e  HP 5 4 5 0 1 A .  

T h i s  w i l l  g i v e  a c c e s s  t o  t h e  c a l i b r a t i o n  a n d  s e r v i c e  f u n c t i o n s ,
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f i g .  3 - 9 .  T h e  F r o n t  P a n e l  o f  t h e  (HP 5 4 5 0 1 A )

a s  w e l l  a s  s e t u p  t h e  H P - I B  I n t e r f a c e .

T h e  s u b m e n u s  w h i c h  a p p e a r  a t  t h i s  t i m e  i n c l u d e s :  ( a s  i l l u s t r a t e d  i n

f i g .  3 - 1 0 )

f i g .  3 - 1 0 .  T h e  S u b m e n u s  o f  t h e  U t i l i t i e s  M e n u
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* H P - I B  m e n u

* S e l f t e s t  m e n u

* P r o b e  c a l  m e n u

* S e l f  c a l  m e n u

* S e r v i c e  m e n u

S o  i f  t h e  s e l e c t i o n  k e y  w h i c h  m a t c h e s  t h e  H P - I B  s u b m e n u  i s  p r e s s e d ,  

i t  w i l l  a l l o w  t h e  u s e r  t o  m a k e  s e t t i n g s  s o  t h e  HP 5 4 5 0 1 A  c a n  t a l k  

t o  p e r i p h e r a l  d e v i c e s .

A s  i l l u s t r a t e d  i n  f i g .  3 - 1 1 ,  t h i s  i n t e r f a c e  i n c l u d e s :

* T a l k  o n l y  m o d e

* A d d r e s s e d  m o d e

* EOI

* F o rm  f e e d

* P a p e r  l e n g t h

f i g .  3 - 1 1 .  T h e  H P - I B  s u b m e n u

1 .  T a l k  o n l y  m o d e

S e t  t h e  o s c i l l o s c o p e  t o  t a l k  o n l y  w h e n  a  h a r d c o p y ,  w i t h o u t



i n t e r v e n t i o n  f r o m  a n  e x t e r n a l  c o n t r o l l e r ,  i s  w i s h e d .  T h e  

a t t a c h e d  p r i n t e r  m u s t  b e  s e t  i n  t h e  l i s t e n  o n l y  o r  l i s t e n  a l w a y s  

m o d e .

2 .  A d d r e s s e d  m o d e

T h i s  m o d e  a l l o w s  a  c o n t r o l l i n g  d e v i c e  t o  s e l e c t i v e l y  a d d r e s s  t h e  

HP 5 4 5 0 1 A  f o r  t a l k i n g  o r  l i s t e n i n g .  T h e  a d d r e s s  o f  t h e  HP 5 4 5 0 1 A  

c a n  b e  s e l e c t e d  w h i l e  t h e  i n s t r u m e n t  i s  i n  t h e  a d d r e s s e d  m o d e .

3 .  EOI k e y

T h e  E O I ( E n d  o r  I d e n t i f y )  k e y  t o g g l e s  t h i s  f u n c t i o n  o n  o r  o f f .

EO I i s  a  l i n e  o n  t h e  H P - I B  a s s e r t e d  w i t h  t h e  l a s t  d a t a  b y t e  o f  a

m e s s a g e .

I f  t h i s  f u n c t i o n  i s  o n ,  EO I w i l l  b e  a s s e r t e d  b y  t h e  HP 5 4 5 0 1 A  o n

t h e  l a s t  b y t e  o f  e a c h  m e s s a g e  s e n t .  I f  i t  i s  o f f ,  E O I w i l l  n o t

b e  a s s e r t e d .

T h i s  f u n c t i o n  o n l y  a f f e c t s  m e s s a g e s  s e n t  f r o m  t h e  HP 5 4 5 0 1 A .  

T h e  H P - I B  w i l l  a c c e p t  a n y  o f  t h e  l e g a l  I E E E - 4 8 8  m e s s a g e  

t e r m i n a t o r s  r e g a r d l e s s  o f  t h e  s e t t i n g  o f  t h i s  f u n c t i o n .

I E E E - 4 8 8  r e q u i r e s  t h a t  EO I i s  a s s e r t e d .  T h e r e f o r e ,  w i t h  EOI o f f ,  

t h e  HP 5 4 5 0 1 A  w i l l  s e n d  m e s s a g e s  t h a t  d o  n o t  f o l l o w  I E E E - 4 8 8  

r u l e s  c o n c e r n i n g  E O I .  EO I s h o u l d  o n l y  b e  t u r n e d  o f f  i f  t h e  

c o n t r o l l e r  d o e s  n o t  d e a l  w i t h  EO I a p p r o p r i a t e l y .

4 .  F o r m  F e e d  k e y  a n d  P a p e r  L e n g t h  k e y

A r e  u s e f u l  w h e n  t h e  o s c i l l o s c o p e  i s  c o n n e c t e d  t o  a  p r i n t e r .

I n  t h i s  p r o j e c t  t h e  a d d r e s s e d  m o d e  w a s  s e l e c t e d ,  t h e n  a d d r e s s  ( 7 )  

w a s  g i v e n  t o  t h e  o s c i l l o s c o p e  a n d  c a s e  " o n "  f o r  t h e  EO I w a s  

s e l e c t e d  ( a s  i l l u s t r a t e d  i n  f i g .  3 - 1 2 )
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f i g .  3 - 1 2 .  A d d r e s s i n g  HP 5 4 5 0 1 A  O s c i l l o s c o p e

3.5. The Logic Analyzer

T h e  T e k t r o n i x  1 2 4 1  w a s  u s e d  i n  t h i s  p r o j e c t  a s  a  l o g i c  

A n a l y z e r ,  b e c a u s e  i t  i s  a  p o r t a b l e ,  g e n e r a l  p u r p o s e ,  d i g i t a l  d e s i g n  

a n d  t r o u b l e s h o o t i n g  t o o l s  t h a t  o f f e r s  s i m i l a r  f e a t u r e  s e t s .  T h e  

1 2 4 1  L o g i c  A n a l y z e r  u s e s  a  l i q u i d  c r y s t a l  c o l o r  s h u t t e r  (L C C S) t o  

p r o d u c e  a  t h r e e  c o l o r  d i s p l a y  s c r e e n ,  i t  a l s o  h a s  a  v e r t i c a l  

e x p a n s i o n  f e a t u r e  t h a t  d o u b l e s  t h e  h e i g h t  o f  t h e  t i m i n g  d i a g r a m  

t r a c e s .

Two t y p e s  o f  d a t a  a c q u i s i t i o n  c a r d s  a l l o w  t h e  i n s t r u m e n t  t o  b e  

c o n f i g u r e d  t o  m e e t  t h e  s p e c i f i c  r e q u i r e m e n t s .  T h e  1 2 4 0 D 1  c a r d  

s u p p o r t s  h i g h - s p e e d  h a r d w a r e  a n a l y s i s  w i t h  9 a c q u i s i t i o n  c h a n n e l s  

a t  1 0 0  MHZ ( 1 0  n s )  a n d  6 n s  g l i t c h  d e t e c t i o n .  T h e  1 2 4 0 D 2  h a s  1 8  

a c q u i s i t i o n  c h a n n e l s  a t  5 0  MHZ a n d  i n c l u d e s  a  b u s  d e m u l t i p l e x i n g  

f e a t u r e .

36



I n s t r u m e n t  c o n f i g u r a t i o n s  i n c l u d e  a n y  c o m b i n a t i o n  o f  1 2 4 0 D 1  a n d

1 2 4 0 D 2  a c q u i s i t i o n  c a r d s  u p  t o  a  m a x im u m  o f  f o u r  c a r d s .  A 1 2 4 1

c o n f i g u r e d  w i t h  b o t h  c a r d  t y p e s  i s  a n  e f f e c t i v e  t o o l  f o r  e v a l u a t i n g

h a r d w a r e - s o f t w a r e  i n t e g r a t i o n .

T h e  1 2 4 1  L o g i c  A n a l y z e r  p r o v i d e  t h e  f o l l o w i n g  f e a t u r e s :

( 1 )  A c q u i s i t i o n  w i t h  o n e  o r  t w o  t i m e b a s e s .  A s y n c h r o n o u s  o r  

s y n c h r o n o u s  s e l e c t i o n s  a r e  a v a i l a b l e .

( 2 )  P o w e r f u l  t r i g g e r i n g  w i t h  t w o  e v e n t  r e c o g n i z e r s  t h a t  c a n  b e  u s e d  

i n d e p e n d e n t l y  o r  t o g e t h e r .  T h e  g l o b a l  e v e n t  r e c o g n i z e r  t r i g g e r s  

o n  a  s i n g l e  e v e n t  i n  o n e  o r  t w o  t i m e b a s e s .  T h e  s e q u e n t i a l  e v e n t  

r e c o g n i z e r  c o n s i s t  o f  u p  t o  1 4  s e p a r a t e  l e v e l s .  E a c h  l e v e l  

s p e c i f i e s  i t s  o w n  e v e n t  a n d  a  t r i g g e r ,  w a i t ,  j u m p ,  d e l a y ,  o r  

r e s e t  a c t i o n .

( 3 )  D a t a  d i s p l a y  i n  s t a t e  t a b l e  o r  t i m i n g  d i a g r a m  f o r m a t s .

( 4 )  S i m p l e ,  m e n u - o r i e n t e d  u s e r  i n t e r f a c e  f e a t u r i n g  a  f r o n t - p a n e l  

k e y b o a r d  a n d  a  d i s p l a y  s c r e e n  w i t h  t o u c h _ s e n s i t i v e , o n - s c r e e n  

s o f t k e y s .

( 5 )  A u t o - a c q u i s i t i o n  m o d e ,  f o r  r e p e a t e d  a c q u i s i t i o n s  w i t h o u t  

m a n u a l l y  r e s t a r t i n g  t h e  i n s t r u m e n t .

( 6 )  E x p a n d a b l e  a c q u i s i t i o n  m e m o r y  d e p t h  w i t h  a  m e m o r y  c h a i n i n g  

f e a t u r e .

( 7 )  D a t a  s e a r c h  a n d  c o m p a r e  f u n c t i o n s .

( 8 )  N o n  v o l a t i l e  m e m o r y  e n s u r e s  t h a t  t w o  i n s t r u m e n t  s e t u p s  ( t h e  

c u r r e n t  s e t u p  a n d  a n o t h e r  s e t u p  o f  t h e  u s e r  c h o i c e )  a r e  n o t  

l o s t  w h e n  p o w e r  i s  t u r n e d  o f f .

( 9 )  F u l l  p r o g r a m m a b l e  ( b y  a d d i n g  t h e  G P IB  COMM p a c k  t o  t h e  L o g i c  

A n a l y z e r .
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T h e  o p e r a t i o n s  o f  t h e  1 2 4 1  L o g i c  A n a l y z e r  a r e  c o n t r o l l e d

t h r o u g h  m e n u s  d i s p l a y e d  o n  t h e  s c r e e n .  U s e  t h e  MENU k e y s  o n  t h e  

f r o n t  p a n e l  t o  s e l e c t  g e n e r a l  m e n u  g r o u p s ,  s e l e c t  i n d i v i d u a l  m e n u s

t h r o u g h  o n - s c r e e n  s o f t  k e y s .  E a c h  s o f t  k e y  i s  o u t l i n e d  o n  t h e

s c r e e n  a n d  h a s  a  l a b e l  d e s c r i b i n g  i t s  f u n c t i o n .

T h e  m e n u  g r o u p s  a s  i l l u s t r a t e d  i n  f i g .  3 - 1 3 ,  c o n s i s t  o f  f i v e  k e y s  

t o  s e l e c t  f r o m :

* CONFIG

* TRIGGER

* DATA

* E D IT

* U T I L I T Y

3.5.1. Addressing 1241 Logic Analyzer

G>
d >

P Ï F n i T C B n M

S T A R T S T O P A U T O

0 MENU ̂
C O N F I G

T R I G G E R

D A T A

E D I T

U T IL IT Y

cm cm cmGxnj m
~ ■ ^ ---- « IGu
cm cm cm 
cm Gu cm
G L I T C H  D O N ’T  C A R I

cm cm cm

f i g .  3 - 1 3 .  T h e  F r o n t  P a n e l  o f  t h e  1 2 4 1  L o g i c  A n a l y z e r

SCROLL

CURSOR
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T h e  U T I L I T Y  m e n u  k e y  s h o u l d  b e  p r e s s e d  t o  a d d r e s s  t h e  1 2 4 1  L o g i c  

A n a l y z e r .  T h i s  w i l l  g i v e  a c c e s s  t o  t h e  STORAGE MEMORY MANAGER m e n u ,  

a  COMM PORT CONTROL m e n u  ( i f  COMM P a c k  i s  i n s t a l l e d )  a n d  ROM P a c k  

m e n u  ( i f  ROM P a c k  i s  i n s t a l l e d ) .

S o  o n c e  t h e  COMM P a c k  h a s  b e e n  i n s t a l l e d ,  ( a s  s h o w n  i n  f i g .  3 - 1 4 ) ,  

e n t e r  t h e  m e n u  b y  p r e s s i n g  t h e  U T I L I T Y  k e y ,  a n d  t h e n  t h e  COMM PORT 

CONTROL s o f t  k e y .

RETAINING S P U R S . Snap the handle on the 
pack over these ^nurs to secure the pack tirmly

Secure the pack firmly to the 1240 by snapping 
the handle over the retaining spurs

4 3 *10.8

f i g .  3 - 1 4 .  T h e  COMM P a c k  i n s t a l l a t i o n

F i g .  3 - 1 5  s h o w s  a  t y p i c a l  COMM p o r t  c o n t r o l  m e n u  d i s p l a y .

T h e  p o r t  s t a t u s ,  G P IB  a d d r e s s ,  a n d  m e s s a g e  t e r m i n a t i o n  t y p e  c a n  b e

s e l e c t e d  b y  u s i n g  t h e  COMM p o r t  c o n t r o l  m e n u .

* G P I B  p o r t  s t a t u s :  V a l i d  s e l e c t i o n s  a r e  O NLINE a n d  O F F L IN E ,

i n  O F F L IN E , n o  c o m m u n i c a t i o n  o c c u r s  b e t w e e n  t h e  c o n t r o l l e r

a n d  1 2 4 1 ,  ( b e f o r e  c h a n g i n g  a n y  o t h e r  p a r a m e t e r s ,  t h e  1 2 4 1
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must be OFFLINE). When the 1241 goes ONLINE, it sends a

s e r v i c e  r e q u e s t t o  t h e

• LOCAL
STORAGE ■- MEMORY I PORT 1
MANAGER 1 CQHTPGL 1

SERUICt; REQUEST

G P IB  PORT STATUS = S R M ! «

12 40’S GPIB ADDRESS = 611 

MESSAGE TERMINATION = I H )

KNOB=SELECT

REQUEST
SETUP
UPLOAD

REQUEST
SETUP
DOWNLOAD

REQUEST
REFNEM
UPLOAD

REQUEST
REFMEM
DOWNLOAD

REQUEST
ACQMEM
UPLOAD

f i g .  3 - 1 5 .  A T y p i c a l  COMM P o r t  C o n t r o l  M e n u  D i s p l a y

o f  i t s  ONLINE s t a t u s .

* 1 2 4 1 ' s  G P IB  A d d r e s s :  V a l i d  a d d r e s s e s  a r e  0 - 3 0 .

* M e s s a g e  T e r m i n a t i o n :  V a l i d  t y p e s  a r e  E O I ,  a n d  LF OR E O I .

I f  EO I i s  s e l e c t e d ,  m e s s a g e s  a r e  t e r m i n a t e d  b y  s e n d i n g  EO I  

c o n c u r r e n t  w i t h  t h e  l a s t  b y t e  o f  t h e  m e s s a g e .  D u r i n g  m e s s a g e  

r e c e p t i o n ,  r e c e i v i n g  a n  EOI i s  t h e  o n l y  r e c o g n i z e d  m e s s a g e  

t e r m i n a t o r ,  i f  LF OR EOI i s  s e l e c t e d ,  a  CR f o l l o w e d  b y  LF  

c o n c u r r e n t  w i t h  EOI i s  s e n t  a s  a  m e s s a g e  t e r m i n a t o r .

I n  t h i s  p r o j e c t  t h e  a d d r e s s  ( 1 )  w a s  s e l e c t e d  f o r  t h e  1 2 4 1  L o g i c  

A n a l y z e r  a n d  t h e  EOI a s  a  m e s s a g e  t e r m i n a t o r .
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CHAPTER 4
APPLICATION OF EXPERT SYSTEM 

IN DIAGNOSTICS

4.1. Introduction

D i a g n o s i s  h a s  b e e n  c o n s i d e r e d  a  t a s k  w e l l  s u i t e d  t o  e x p e r t  

s y s t e m s  s o l u t i o n s  s i n c e  e a r l y  i n  t h e  s h o r t  h i s t o r y  o f  e x p e r t  

s y s t e m s .  T h i s  i s  b e c a u s e  d i a g n o s t i c  p r o b l e m s  a r e  n o t  c l e a r l y  

d e f i n e d  a n d  n o t  w e l l  s u i t e d  t o  a l g o r i t h m i c  s o l u t i o n s .  T h e  e m p h a s i s  

w i t h  e x p e r t  s y s t e m s  h a s  n o t  b e e n  o n  s p e c i f i c  p r o b l e m  s o l v i n g  

p r o c e d u r e s  b u t  o n  k n o w l e d g e  a b o u t  t h e  p r o b l e m  d o m a i n  a n d  g e n e r a l  

p r o c e d u r e s  t h a t  r e a s o n  w i t h  t h i s  k n o w l e d g e .  D i a g n o s t i c  t a s k s  c a n  

e a s i l y  b e  r e p r e s e n t e d  i n  t h i s  f o r m a t  [ 3 5 ] .

T h e  m a i n  c o m p o n e n t s  o f  d i a g n o s i s  c a n  b e  s u m m a r i z e d  a s  f o l l o w s :  

Givens

( 1 )  A c a s e  o f  m a l f u n c t i o n i n g ,  u n u s u a l  ' s y m p t o m s ' ;

( 2 )  A s t a n d a r d  s e t  o f  d i a g n o s t i c  t e s t s .

Goals

( 1 )  T o  f i t  c a s e  i n t o  k n o w n  ' d i s e a s e ,  f a u l t '  c l a s s e s ;

( 2 )  T o  f i n d  p r o b a b l e  c a u s e s  o f  s y m p t o m s ;

( 3 )  T o  r e c o m m e n d  t r e a t m e n t  m e t h o d s .

Constraints

( 1 )  T h e  t e s t s  m a y  b e  n u m e r o u s  a n d  d i f f i c u l t  t o  s e l e c t ;

( 2 )  T h e  t e s t s  m a y  b e  c o s t l y  ( i n  t i m e  o r  m o n e y ) ;

( 3 )  T h e  t e s t s  m a y  b e  u n r e l i a b l e .

Operations

( 1 )  D e d u c e  p o s s i b l e  c a u s e s  o f  s y m p t o m s .
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( 2 )  g a t h e r  d a t a  a b o u t  s y m p t o m s  a n d  c h a r a c t e r i s t i c s  o f  t h e  c a s e .

( 3 )  C l a s s i f y  p o s s i b l e  c a u s e s  i n t o  d i s e a s e  o r  f a u l t  h y p o t h e s e s .

( 4 )  D i s t i n g u i s h  c o m p e t i n g  h y p o t h e s e s .

( 5 )  T a k e  a c c o u n t  o f  t h e  i n t e r a c t i o n s  o f  s e v e r a l  c a u s e s .

[ 5 2 ]

4.2. Introduction to Artificial Intelligence

A r t i f i c i a l  i n t e l l i g e n c e  g i v e s  c o m p u t e r s  e x t r a  c o m p u t i n g  

c a p a b i l i t y ,  a l l o w i n g  t h e m  t o  e x h i b i t  m o r e  i n t e l l i g e n t  b e h a v i o r .  

I n t e l l i g e n c e ,  t h e  a b i l i t y  o f  a  h u m a n  b e i n g  t o  a c q u i r e  k n o w l e d g e  a n d  

a p p l y  i t ,  m e a n s  t h e  c a p a b i l i t y  o f  t h i n k i n g  a n d  r e a s o n i n g .  T o  a  

c e r t a i n  d e g r e e ,  a r t i f i c i a l  i n t e l l i g e n c e  a l l o w s  c o m p u t e r s  t o  a c c e p t  

k n o w l e d g e  f r o m  h u m a n  i n p u t ,  t h e n  u s e  t h a t  k n o w l e d g e  t h r o u g h  

r e a s o n i n g  p r o c e s s e s  t o  s o l v e  p r o b l e m s .

T h e  m a i n  e l e m e n t  o f  a n y  a r t i f i c i a l  i n t e l l i g e n c e  a p p l i c a t i o n  i s  

k n o w l e d g e ,  a n  u n d e r s t a n d i n g  o f  s o m e  s u b j e c t  a r e a  o b t a i n e d  t h r o u g h  

e d u c a t i o n  o r  e x p e r i e n c e .  T h e  p r o b l e m  t h a t  t h e  c o m p u t e r  c a n n o t  h a v e  

e x p e r i e n c e s  o r  l e a r n  a s  t h e  h u m a n  m i n d  c a n .  S o  i t  c a n  a c q u i r e  

k n o w l e d g e  g i v e n  t o  i t  b y  h u m a n  e x p e r t s .  T h i s  k n o w l e d g e  c o n s i s t s  o f  

f a c t s ,  p r o c e d u r e s  a n d  i n f o r m a t i o n  t h a t  h a s  b e e n  o r g a n i z e d  t o  m a k e  

i t  u n d e r s t a n d a b l e  a n d  a p p l i c a b l e  t o  p r o b l e m  s o l v i n g  o r  d e c i s i o n  

m a k i n g .  M o s t  k n o w l e d g e  b a s e s  t y p i c a l l y  c o n c e n t r a t e  o n  s o m e  s p e c i f i c  

d o m a i n .

A f t e r  b u i l d i n g  t h e  k n o w l e d g e  b a s e ,  a r t i f i c i a l  i n t e l l i g e n c e  

t e c h n i q u e s  w i l l  b e  u s e d  t o  g i v e  t h e  c o m p u t e r  r e a s o n i n g  c a p a b i l i t y .  

S o  t h e  c o m p u t e r  w i l l  b e  a b l e  t o  t h i n k ,  r e a s o n ,  a n d  r e a c h  

c o n c l u s i o n s  b a s e d  o n  t h e  f a c t s  c o n t a i n e d  i n  t h e  k n o w l e d g e  b a s e .
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4.2.1. Application of Artificial Intelligence

T h e  a r t i f i c i a l  i n t e l l i g e n c e  s o f t w a r e  c a n  b e  a d o p t e d  t o  a n y  

p r o b l e m  r e q u i r i n g  i t s  s p e c i a l  q u a l i t i e s  ( a  p r o b l e m  w i t h  n o  

a l g o r i t h m i c  s o l u t i o n )  b e c a u s e  o f  t h e  u n b e l i e v a b l e  f l e x i b i l i t y  o f  

t h e  a r t i f i c i a l  i n t e l l i g e n c e  p r o c e s s .

N o n - n u m e r i c a l  p r o b l e m s  a n d  p r o b l e m s  w i t h  u n c e r t a i n t y  w h i c h  a r e  

o f t e n  n o t  s u i t a b l e  f o r  t h e  a l g o r i t h m i c  p r o c e s s ,  a r e  b o t h  e a s i l y  

s o l v e d  w i t h  a r t i f i c i a l  i n t e l l i g e n c e  t e c h n i q u e s .

" W i t h  a l g o r i t h m i c  s o f t w a r e ,  t h e  p r o b l e m  i s  g u a r a n t e e d  t o  b e  s o l v e d ;  

w i t h  A I ,  t h e r e  c a n  b e  p a r t i a l  s o l u t i o n s  o r  e v e n  n o  s o l u t i o n .

A s  a  r e s u l t ,  A I  o f t e n  f i t s  t h e  d i s o r g a n i z e d ,  i m p e r f e c t  r e a l  

w o r l d  b e t t e r  t h a n  c o n v e n t i o n a l  s o f t w a r e  b e c a u s e  i t  c a n  d e a l  w i t h  

s h a d e s  o f  g r a y . "  [ 6 8 ]

T h e  m o s t  i m p o r t a n t  a p p l i c a t i o n s  t o  a r t i f i c i a l  i n t e l l i g e n c e  a r e :

( 1 )  G a m e s

( 2 )  G e n e r a l  P r o b l e m  S o l v i n g

( 3 )  E x p e r t  S y s t e m s

( 4 )  N a t u r a l  L a n g u a g e  P r o c e s s i n g

( 5 )  C o m p u t e r  V i s i o n

( 6 )  R o b o t i c s

( 7 )  E d u c a t i o n

4.3. Expert Systems

T h e  m a j o r  u s e  o f  a r t i f i c i a l  i n t e l l i g e n c e  n o w a d a y s  i s  i n  e x p e r t  

s y s t e m s .  E x p e r t  s y s t e m s  a r e  t h e  a r t i f i c i a l  i n t e l l i g e n c e  p r o g r a m s  

t h a t  a c t  a s  i n t e l l i g e n t  a d v i s o r s  o r  c o n s u l t a n t s .  B y  u s i n g  t h e  

s t o r e d  k n o w l e d g e  i n  a  s p e c i f i c  d o m a i n ,  a  n o n - e x p e r t  u s e r  c a n  s o l v e  

p r o b l e m s  a n d  m a k e  d e c i s i o n s  i n  a  s u b j e c t  a r e a  n e a r l y  a s  w e l l  a s  a n  

e x p e r t .
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An e x p e r t  s y s t e m  p e r m i t s  t h e  k n o w l e d g e  a n d  e x p e r i e n c e  o f  o n e  o r  

m o r e  e x p e r t s  t o  b e  c a p t u r e d  a n d  s t o r e d  i n  a  c o m p u t e r .  T h i s  

k n o w l e d g e  c a n  t h e n  b e  u s e d  b y  a n y o n e  r e q u i r i n g  i t .  T h e  p u r p o s e  o f  

a n  e x p e r t  s y s t e m  i s  n o t  t o  r e p l a c e  t h e  e x p e r t s ,  b u t  t o  m a k e  t h e i r  

k n o w l e d g e  a n d  e x p e r i e n c e  m o r e  w i d e l y  a v a i l a b l e .  S o  t h e  e x p e r t  

s y s t e m  p e r m i t s  n o n - e x p e r t  u s e r s  t o  i n c r e a s e  t h e i r  p r o d u c t i v i t y  a n d  

s o l v e  p r o b l e m s  w h e n  a n  e x p e r t  i s  n o t  a v a i l a b l e .

An e x p e r t  s y s t e m  c o n s i s t s  o f  t h r e e  m a j o r  c o m p o n e n t s :  a  k n o w l e d g e  

b a s e ,  a n  i n f e r e n c e  e n g i n e ,  a n d  a  u s e r  i n t e r f a c e .

T h e  k n o w l e d g e  b a s e  c o n t a i n s  a l l  t h e  f a c t s  a n d  i d e a s  o f  a  s p e c i f i c  

d o m a i n .  T h e  i n f e r e n c e  e n g i n e  a n a l y z e s  t h e  k n o w l e d g e  a n d  e x t r a c t s  

c o n c l u s i o n s  f r o m  i t .  T h e  u s e r  i n t e r f a c e  i m p l e m e n t s  c o m m u n i c a t i o n  

w i t h  t h e  u s e r  a n d  p e r m i t s  n e w  k n o w l e d g e  t o  b e  e n t e r e d  i n t o  t h e  

k n o w l e d g e  b a s e .

T o  u s e  a n  e x p e r t  s y s t e m ,  t h e  u s e r  s t a r t s  u p  t h e  e x p e r t  s y s t e m  

s o f t w a r e .  T h e  e x p e r t  s y s t e m  t h e n  a s k s  t h e  u s e r  v a r i o u s  q u e s t i o n s  t o  

c o l l e c t  s o m e  i n i t i a l  i n f o r m a t i o n  a b o u t  t h e  p r o b l e m  t o  b e  s o l v e d .  

T h e  u s e r  c a n  k e y  i n  t h e  i n f o r m a t i o n  r e q u e s t e d  o r  s e l e c t  i t  f r o m  

a l t e r n a t i v e s  p r e s e n t e d  i n  m e n u  f o r m .  O n c e  t h e  e x p e r t  s y s t e m  h a s  t h e  

i n p u t  i t  n e e d s ,  i t  s t a r t s  s e a r c h i n g  f o r  a  s o l u t i o n  a n d  r e a c h i n g  a  

c o n c l u s i o n .

U s u a l l y  u s e r s  d o  n o t  t r u s t  e x p e r t  s y s t e m s  s o  t h e y  d i r e c t  t h e m  t o  

e x p l a i n  t h e  p r o c e s s  b y  w h i c h  t h e  c o n c l u s i o n  w a s  r e a c h e d .

An e x p e r t  s y s t e m  c a n  b e  c r e a t e d  t o  h e l p  u s e r s  t r o u b l e s h o o t  a n d  

r e p a i r  a  c o m p l e x  d e v i c e s .  T h e  v a r i o u s  t r o u b l e s  a n d  s y m p t o m s  c a n  b e  

g i v e n  t o  a n  e x p e r t  s y s t e m  w h i c h  t h e n  i d e n t i f i e s  t h e  p r o b l e m  a n d  

s u g g e s t s  t h e  s o l u t i o n .

E x p e r t  s y s t e m s  a l s o  c a n  b e  u s e d  t o  a i d  i n  d i a g n o s i n g  m e d i c a l  c a s e s .  

S y m p t o m s  a n d  t e s t  r e s u l t s  c a n  b e  g i v e n  t o  t h e  e x p e r t  s y s t e m  w h i c h
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t h e n  s e a r c h e s  i t s  k n o w l e d g e  b a s e  i n  a n  a t t e m p t  t o  m a t c h  t h e s e  i n p u t  

c o n d i t i o n s  w i t h  a  p a r t i c u l a r  d i s e a s e .  T h i s  r e s u l t s  i n  a  c o n c l u s i o n  

a b o u t  t h e  i l l n e s s  a n d  s o m e  p o s s i b l e  s u g g e s t i o n s  o n  h o w  t o  t r e a t  i t .  

S u c h  a n  e x p e r t  s y s t e m  d o e s n ' t  r e p l a c e  d o c t o r s ,  b u t  h e l p s  t h e m  

c o n f i r m  t h e i r  o w n  d e c i s i o n s .

E x p e r t  s y s t e m s  h a v e  b e e n  u s e d  t o  h e l p  l o c a t e  o i l  a n d  m i n e r a l  

d e p o s i t s .

4.3.1. Widely Used Expert Systems

T h e r e  a r e  f e w  n u m b e r  o f  e x p e r t  s y s t e m s  a v a i l a b l e  n o w  i n  

o p e r a t i o n  t h e y  r e p r e s e n t  j u s t  a  s m a l l  p e r c e n t a g e  o f  a l l  c o m p u t e r  

s o f t w a r e  i n  u s e .  S o m e  o f  t h e s e  e x p e r t  s y s t e m s  p l a y e d  a n  i m p o r t a n t  

p a r t  i n  a r t i f i c i a l  i n t e l l i g e n c e  d e v e l o p m e n t .  S o  t h e y  m a k e  g o o d  

m o d e l s  f o r  s t u d y i n g  t h e  s t r u c t u r e  o f  a n  e x p e r t  s y s t e m .

MYCIN

MYCIN i s  p r o b a b l y  t h e  b e s t  k n o w n  o f  a l l  t h e  e x p e r t  s y s t e m s .  I t  

w a s  d e s i g n e d  b y  E d w a r d  S h o r t l i f f e  o f  S t a n f o r d  U n i v e r s i t y  i n  t h e  

m i d - 1 9 7  0 s .  I t  i s  a  m e d i c a l  e x p e r t  s y s t e m  t h a t  d i a g n o s e s  b a c t e r i a l  

i n f e c t i o n s  [ 4 7 ] .

DENDRAL

DENDRAL i s  a n o t h e r  e a r l y  e x p e r t  s y s t e m  i t  i s  a  p r o d u c t  o f  

r e s e a r c h e r s  a t  S t a n f o r d  U n i v e r s i t y .  DENDRAL w a s  d e v e l o p e d  t o  

i d e n t i f y  t h e  m o l e c u l a r  s t r u c t u r e  o f  u n k n o w n  c o m p o u n d s  [ 5 4 ] .

XCON and XSEL

XCON i s  a n  e x p e r t  s y s t e m  t h a t  h e l p s  c o n f i g u r e  l a r g e  c o m p u t e r  

s y s t e m s .  D e v e l o p e d  j o i n t l y  b y  D i g i t a l  E q u i p m e n t  C o r p o r a t i o n  (DEC) 

a n d  r e s e a r c h e r s  a t  C a r n e g i e  M e l l o n  U n i v e r s i t y  (C M U ), XCON h e l p s  

t r a n s l a t e  a  c u s t o m e r ' s  o r d e r  f o r  a  DEC VAX 1 1 / 7 8 0  s e r i e s  c o m p u t e r  

s y s t e m  i n t o  c o m p l e t e  f i n a l  s y s t e m  s p e c i f i c a t i o n s .
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XSEL i s  a n o t h e r  DEC-CMU e x p e r t  s y s t e m  w i t h  k n o w l e d g e  o f  VAX l l \ / 7 8 0  

c o m p u t e r  s y s t e m s .  XSEL w a s  d e s i g n e d  t o  h e l p  DEC s a l e s  p e r s o n s  

s e l e c t  c o m p o n e n t s  f o r  a  VAX s y s t e m .

Prospector

P r o s p e c t o r  i s  a n  e x p e r t  s y s t e m  t h a t  h e l p s  g e o l o g i s t s  l o c a t e  o r e  

d e p o s i t s .

T h i s  e x p e r t  s y s t e m  a n a l y z e s  e l e c t r o n i c  c i r c u i t s  c o n s i s t  o f  

t r a n s i s t o r s ,  d i o d e s ,  a n d  r e s i s t o r s .  A s c h e m a t i c  d i a g r a m  o f  t h e  

c i r c u i t  i s  e n t e r e d  i n t o  t h e  c o m p u t e r  a n d  EL a n a l y z e s  i t .

SOPHIE

S O P H IE  w a s  d e s i g n e d  t o  h e l p  s t u d e n t s  l e a r n  t o  t r o u b l e s h o o t  

e l e c t r o n i c  c i r c u i t s .  T h e  s y s t e m  p r e s e n t s  a  s i m u l a t e d  e l e c t r o n i c  

c i r c u i t  a n d  a  p r o b l e m ,  t h e n  p e r m i t s  t h e  s t u d e n t  t o  t r o u b l e s h o o t  i t  

[ 3 6 ]  .

DELTA

DELTA w a s  D e v e l o p e d  b y  t h e  G e n e r a l  E l e c t r i c  C o m p a n y  t o  a s s i s t  

m a i n t e n a n c e  p e r s o n n e l  i n  l o c a t i n g  p r o b l e m s  i n  d i e s e l  e l e c t r i c  

l o c o m o t i v e  e n g i n e s .

POLIO

T h i s  i s  a n  e x p e r t  s y s t e m  t h a t  h e l p s  s t o c k  b r o k e r s  i n  h a n d l i n g  

i n v e s t m e n t s  f o r  t h e i r  c l i e n t s .

VP-Expert

V P - E x p e r t  r e p r e s e n t s  t h e  f i r s t  l o w - c o s t  e x p e r t  s y s t e m  p r o g r a m .  

F o r  t h e  f i r s t  t i m e ,  p e r s o n a l  c o m p u t e r  o w n e r s  c a n  d e v e l o p  p o w e r f u l  

e x p e r t  s y s t e m s  o n  t h e i r  o w n  w i t h  l i t t l e  o r  n o  k n o w l e d g e  o f  a  

s p e c i a l  p r o g r a m m i n g  l a n g u a g e .

V P - E x p e r t  c a n  c r e a t e  e x p e r t  s y s t e m s  f o r  p r o v i d i n g  a d v i c e  f o r  l e g a l  

c o n s u l t a t i o n ,  f i n a n c i a l  p l a n n i n g ,  m e d i c a l  d i a g n o s e s ,  o r  e l e c t r o n i c
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f a u l t  d i a g n o s i s  [ 6 5 ] ,  [ 6 6 ] .

4.3.2. Advantages o f  Expert Systems

T h e  p r e v i o u s  p r o g r a m s  p o i n t  o u t  s o m e  o f  t h e  m a i n  a d v a n t a g e s  o f  

e x p e r t  s y s t e m s .  L i k e  o t h e r  c o n v e n t i o n a l  s o f t w a r e ,  e x p e r t  s y s t e m s  

o f f e r  s o m e  a d v a n t a g e s  a s  f o l l o w i n g  :

( 1 )  P e r m i t  n o n _ e x p e r t s  t o  d o  t h e  w o r k  o f  e x p e r t s .

( 2 )  I m p r o v e  p r o d u c t i v i t y  b y  i m p r o v i n g  e f f i c i e n c y .

( 3 )  S a v e  t i m e  i n  a c c o m p l i s h i n g  a  s p e c i f i c  o b j e c t i v e .

( 4 )  S i m p l i f y  s o m e  o p e r a t i o n s .

( 5 )  A u t o m a t e  r e p e t i t i v e ,  o r  c o m p l e x  p r o c e s s e s .

E x p e r t  s y s t e m s  o f f e r  s o m e  a d d i t i o n a l  a d v a n t a g e s  o v e r  c o n v e n t i o n a l  

s o f t w a r e ,  s u c h  a s :

( 1 )  P e r m i t  n e w  k i n d s  o f  p r o b l e m s  t o  b e  s o l v e d .

( 2 )  C a p t u r e  a n d  s t o r e  v a l u a b l e  k n o w l e d g e  t h a t  m i g h t  b e  l o s t  d u e  

t o  t h e  r e s i g n a t i o n ,  r e t i r e m e n t ,  o r  d e a t h  o f  a n  e x p e r t .

( 3 )  M a k e  e x p e r t  k n o w l e d g e  a v a i l a b l e  t o  a  w i d e r  u s e r s .

4.3.3. Disadvantages of Expert Systems

T h e  d i s a d v a n t a g e s  o f  e x p e r t  s y s t e m s  a r e  s u m m a r i z e d  a s  f o l l o w :

( 1 )  E x p e r t  s y s t e m s  a r e  e x p e n s i v e .

( 2 )  I t  i s  v e r y  d i f f i c u l t  t o  d e v e l o p  a n  e x p e r t  s y s t e m  a n d  h a r d  

t o  f i n d  g o o d  e x p e r t s .

( 3 )  M o s t  e x p e r t  s y s t e m s  s t i l l  m u s t  b e  i m p l e m e n t e d  o n  a  b i g  

m a i n f r a m e  o r  m i n i c o m p u t e r .

( 4 )  E x p e r t  s y s t e m s  a r e  n o t  100% r e l i a b l e .  S o  t h a t  t h e  u s e r  

s h o u l d  a l w a y s  p r o v i d e  t h e  f i n a l  j u d g m e n t .

T h e s e  d i s a d v a n t a g e s  a r e  s i g n i f i c a n t  b u t  c e r t a i n l y  n o t  i m p o s s i b l e  t o  

o v e r c o m e .
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4.3.4. Expert System's Type

T h e r e  a r e  t w o  b a s i c  t y p e s  o f  e x p e r t  s y s t e m s :  t h e  s t a n d _ a l o n e  

s y s t e m  a n d  t h e  e m b e d d e d  t y p e .

( 1 )  S t a n d - A l o n e  s y s t e m

I n  t h i s  c a s e  t h e  c o m p u t e r  i s  t o t a l l y  d e d i c a t e d  t o  t h a t  

p r o g r a m ,  w h i l e  i t  i s  r u n n i n g  i t .

( 2 )  E m b e d d e d  s y s t e m

T h i s  p r o g r a m  i s  j u s t  a  p o r t i o n  o f  a n o t h e r  l a r g e r  p r o g r a m .  

F i r s t ,  t h e  e x p e r t  s y s t e m  i s  b u i l t  i n t o  a n  a l g o r i t h m i c  

p r o g r a m .  T h i s  i s  i l l u s t r a t e d  i n  f i g .  4 - 1 A .

S e c o n d ,  a n  a l g o r i t h m i c  p r o g r a m  i s  b u i l t  i n t o  a n  e x p e r t  

s y s t e m .  T h i s  i s  i l l u s t r a t e d  i n  f i g .  4 - 1 B .

fft) COMPUTER MEMORY <B> MEMORY

ALGORITHMICPROGRAM

EMBEDDED
EXPERTSYSTEM

EXPERT SYSTEM

I ---------
i EMBEDDED 
i Ai/iOS* fUMifJ 
I SUBROUTINE 
I___________

f i g .  4 - 1 .  T y p e s  o f  E m b e d d e d  S y s t e m s

V P - E x p e r t  i s  a  r e a l  e x a m p l e  o f  t h e  e m b e d d e d  s y s t e m .  I t  l i n k s  t o  a n  

e x t e r n a l  s o f t w a r e  p a c k a g e  s u c h  a s  a  TURBO C .  s y s t e m .  D u r i n g  t h e  

i n f e r e n c i n g  p r o c e s s ,  t h e  V P - E x p e r t  s y s t e m  m a y  r e a c h  o u t  a n d  a c c e s s  

d a t a  i n  TURBO C .  t o  g e t  e n o u g h  k n o w l e d g e  t o  r e a c h  a  s o l u t i o n .  

W h i l e  t h e s e  p r o g r a m s  a r e  n o t  r e a l l y  e m b e d d e d ,  t h e  e f f e c t  i s  t h e  

s a m e .  T h e y  u s u a l l y  s h a r e  m e m o r y  w i t h  t h e  e x p e r t  s y s t e m  a n d  h a v e  

p r o g r a m  l i n k s  t o  i t .
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4.3.5. Expert System Architecture

An e x p e r t  s y s t e m  i s  s i m p l y  a n  a r r a n g e m e n t  o f  s o f t w a r e  

c o m p o n e n t s  t h a t  p e r m i t s  a n  e x p e r t ' s  k n o w l e d g e  t o  b e  u s e d  b y  o t h e r s  

f o r  p r o b l e m  s o l v i n g  a n d  d e c i s i o n  m a k i n g  i n  a  s p e c i f i c  d o m a i n .

T h e  m a i n  c o m p o n e n t s  o f  a n  e x p e r t  s y s t e m  a r e  t h e  k n o w l e d g e  b a s e ,  t h e  

i n f e r e n c e  e n g i n e ,  t h e  d a t a  b a s e ,  a n d  t h e  u s e r  i n t e r f a c e .  A g e n e r a l  

b l o c k  d i a g r a m  i s  s h o w n  i n  f i g .  4 - 2 .  E a c h  o f  t h e s e  e l e m e n t s  w i l l  b e  

e x p l a i n e d  i n  t h e  f o l l o w i n g  s e c t i o n s .

KNOWLEDGE BASE DATA BASE 
(WORKING MEMORV)

V “

INFERENCE ENGINE
 7T------

I

USER
INTERFACE5
/  \
f
I USER I

W
f i g .  4 - 2 .  A G e n e r a l  B l o c k  D i a g r a m  o f  a n  E x p e r t  S y s t e m

4.3.5.1. The Knowledge base

T h e  k n o w l e d g e  b a s e  i s  t h e  h e a r t  o f  a n y  e x p e r t  s y s t e m .  T h e r e  a r e  

d i f f e r e n t  w a y s  f o r  r e p r e s e n t i n g  k n o w l e d g e  i n  e x p e r t  s y s t e m ,  s u c h  a s  

f r a m e s ,  s e m a n t i c  n e t w o r k s ,  a n d  p r o d u c t i o n  r u l e s .  I t  i s  p r o v e d  t h a t  

p r o d u c t i o n  r u l e s  i s  t h e  b e s t  w a y  f o r  r e p r e s e n t i n g  k n o w l e d g e .

" I t  h a s  b e e n  d e t e r m i n e d  t h r o u g h  c o n s i d e r a b l e  e x p e r i e n c e  t h a t  o n e  o f  

t h e  b e s t  m e t h o d s  o f  k n o w l e d g e  r e p r e s e n t a t i o n  f o r  e x p e r t  s y s t e m s  i s

49



p r o d u c t i o n  r u l e s .  M o s t  c o m m e r c i a l  a n d  e x p e r i m e n t a l  e x p e r t  s y s t e m s  

u s e  t h e  p o p u l a r  IF _ T H E N  r u l e s  f o r m a t . "  [ 6 8 ]

Production Rules

P r o d u c t i o n  r u l e s  a r e  g e n e r a l l y  e a s y  t o  w r i t e ,  a n d  i t  i s  q u i c k  

t o  b u i l t  t h e  d e s i r e d  k n o w l e d g e  b a s e .

R u l e s  i s  f o r m a t t e d  i n t o  t w o  p a r t s .  T h e  f i r s t ,  t h e  l e f t - h a n d  s i d e  o f  

t h e  r u l e ,  ( I F )  p a r t ,  s t a t e s  s o m e  p r e m i s e  o r  c o n d i t i o n .  T h e  s e c o n d ,  

t h e  r i g h t - h a n d  s i d e  o f  a  p r o d u c t i o n  r u l e ,  (THEN) p a r t ,  s t a t e s  a  

c o n c l u s i o n  o r  a c t i o n  t h a t  w i l l  t a k e  p l a c e  i f  t h e  c o n d i t i o n s  o n  t h e  

l e f t - h a n d  s i d e  o f  t h e  r u l e  h a v e  b e e n  m e t .  W h en  t h e  r i g h t - h a n d  s i d e  

o f  t h e  r u l e  i s  i m p l e m e n t e d ,  t h e  r u l e  i s  s a i d  t o  b e  f i r e d .  A s  a n  

e x a m p l e  o f  r e p r e s e n t i n g  k n o w l e d g e  b y  u s i n g  p r o d u c t i o n  r u l e :

I F  t h e  p a t i e n t  h a s  h e a d a c h e  

THEN t h e  p a t i e n t  n e e d s  a s p i r i n ,  CF . 7  

E a c h  r u l e  i s  m a d e  u p  o f  c l a u s e s .  T h e r e  i s  o n e  I F  c l a u s e  a n d  o n e  

THEN c l a u s e  t o  e v e r y  r u l e .  T h e  I F  p a r t  o f  t h e  r u l e  m a y  c o n t a i n  m o r e  

t h a n  o n e  c l a u s e .  T h e s e  a r e  c a l l e d  c o m p o u n d  c l a u s e s ,  a n d  t h e y  a r e  

l i n k e d  b y  AND o r  OR.

T h e  c e r t a i n t y  f a c t o r  (C F ) i s  a  n u m b e r  b e t w e e n  0 a n d  1 t h a t  

i n d i c a t e s  t h e  c o n f i d e n c e  i n  t h e  v a l i d i t y  o f  t h e  c o n c l u s i o n .

W h i l e  e a c h  p r o d u c t i o n  r u l e  r e p r e s e n t s  a n  i n d i v i d u a l  p i e c e  o f

k n o w l e d g e ,  i t  i s  u s u a l l y  r e l a t e d  t o  m a n y  o t h e r  r u l e s .  T h e  r u l e s  

l i n k  t o g e t h e r  t o  e s t a b l i s h  a  l i n e  o f  r e a s o n i n g .  T h i s  c o l l e c t i o n  o f  

r u l e s  w i l l  f o r m  t h e  k n o w l e d g e  b a s e .

F i n a l l y ,  w i t h  p r o d u c t i o n  r u l e s  i t  i s  v e r y  e a s y  t o  m o d i f y  o r  a d d  a  

n e w  k n o w l e d g e  t o  t h e  k n o w l e d g e  b a s e .

4.3.5.2. The Data Base

T h e  d a t a  b a s e  c o n t a i n s  a  b r o a d  r a n g e  o f  i n f o r m a t i o n  a b o u t  t h e
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c u r r e n t  s t a t u s  o f  t h e  p r o b l e m  b e i n g  s o l v e d .  I t  i s  a  p o r t i o n  o f  

w o r k i n g  m e m o r y  w h e r e  t h e  c u r r e n t  s t a t u s  o f  t h e  p r o b l e m - s o l v i n g  

p r o c e s s  i s  s t o r e d .  A l s o  t h e  d a t a  b a s e  r e c o r d s  f a c t s  a b o u t  t h e  

p r o b l e m .  I n i t i a l l y ,  t h e  K n o w n  f a c t s  a r e  s t o r e d  t h e r e .  T h e n  t h e  n e w  

f a c t s ,  w h i c h  p i c k e d  u p  f r o m  t h e  i n f e r e n c e  p r o c e s s ,  a r e  a d d e d .  

T h e  i n i t i a l  c o n d i t i o n s  o f  t h e  p r o b l e m  t o  b e  s o l v e d  a r e  a l s o  s t o r e d  

i n  t h e  d a t a  b a s e .

U s u a l l y ,  t h e  e x p e r t  s y s t e m  a s k s  t h e  u s e r  f o r  s o m e  b e g i n n i n g  i n p u t .  

T h i s  i n f o r m a t i o n  g i v e s  t h e  e x p e r t  s y s t e m  a  s t a r t i n g  p o i n t  t o  b e g i n  

t h e  s e a r c h  p r o c e s s .

T h e  i n f e r e n c e  e n g i n e  b e g i n s  i t s  s e a r c h ,  m a t c h i n g  t h e  r u l e s  i n  t h e  

k n o w l e d g e  b a s e  a g a i n s t  t h e  i n f o r m a t i o n  i n  t h e  d a t a  b a s e .

4.3.5.3. The Inference Engine

T h e  i n f e r e n c e  e n g i n e  i s  s o f t w a r e  t h a t  i m p l e m e n t s  a  s e a r c h  a n d  

p a t t e r n _ m a t c h i n g  o p e r a t i o n .  I t  e x a m i n e s  t h e  r u l e s  i n  a  p a r t i c u l a r  

s e q u e n c e  l o o k i n g  f o r  m a t c h e s  t o  t h e  i n i t i a l  a n d  c u r r e n t  c o n d i t i o n s  

g i v e n  i n  t h e  d a t a  b a s e .  A s  r u l e s  m a t c h i n g  t h e s e  c o n d i t i o n s  a r e  

f o u n d ,  t h e  r u l e s  a r e  f i r e d .

A s  t h e  r u l e s  c o n t i n u e  t o  f i r e ,  t h e y  w i l l  r e f e r e n c e  o n e  a n o t h e r  a n d  

f o r m  a n  i n f e r e n c e  c h a i n .  E a c h  t i m e  a  n e w  r u l e  i s  e x a m i n e d ,  i t  i s  

c h e c k e d  a g a i n s t  t h e  c u r r e n t  s t a t u s  o f  t h e  p r o b l e m  s o l u t i o n  s t o r e d  

i n  t h e  d a t a  b a s e .  T h e  f i r i n g  o f  a  p a r t i c u l a r  r u l e  m a y  a d d  n e w  f a c t s  

t o  t h e  d a t a  b a s e .  T h i s  g i v e s  t h e  i n f e r e n c e  e n g i n e  a d d i t i o n a l  

i n f o r m a t i o n  t o  g o  o n .  T h i s  p r o c e s s  c o n t i n u e s  u n t i l  t h e  s o l u t i o n  i s  

f o u n d .

T h e  i n f e r e n c e  e n g i n e  c a n  t a k e  t w o  b a s i c  a p p r o a c h e s  t o  s e a r c h  f o r  a n  

a n s w e r .  T h e s e  a r e  f o r w a r d  a n d  b a c k w a r d  c h a i n i n g .
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Forward Chaining

I n  t h i s  c a s e ,  t h e  i n f e r e n c e  e n g i n e  a t t e m p t s  t o  m a t c h  a  f a c t  i n  

t h e  d a t a  b a s e  t o  t h e  s i t u a t i o n  s t a t e d  i n  t h e  I P  p a r t  o f  t h e  r u l e .  

O n c e  a  f a c t  h a s  b e e n  m a t c h e d ,  t h e  r u l e  i s  f i r e d .  T h e  a c t i o n  s t a t e d  

c o u l d  p r o d u c e  a  n e w  f a c t  t h a t  i s  s t o r e d  i n  t h e  k n o w l e d g e  b a s e .  T h i s  

n e w  f a c t  m a y  t h e n  b e  u s e d  t o  s e a r c h  o u t  t h e  n e x t  a p p r o p r i a t e  r u l e .  

T h i s  s e a r c h i n g  a n d  m a t c h i n g  p r o c e s s  c o n t i n u e s  u n t i l  a  f i n a l  

c o n c l u s i o n  r u l e  i s  f i r e d .

Backward Chaining

I n  t h i s  c a s e ,  t h e  i n f e r e n c e  e n g i n e  s t a r t s  w i t h  t h e  h y p o t h e s i s  

i n  t h e  d a t a  b a s e .  T h e n  i t  b e g i n s  e x a m i n i n g  t h e  THEN p a r t s  o f  r u l e s  

l o o k i n g  f o r  a  m a t c h .  T h e  i n f e r e n c e  e n g i n e  s e a r c h e s  f o r  e v i d e n c e  t o  

s u p p o r t  t h e  h y p o t h e s i s  o r i g i n a l l y  s t a t e d .  I f  a  m a t c h  i s  f o u n d ,  t h e  

d a t a  b a s e  i s  u p d a t e d  r e c o r d i n g  t h e  c o n d i t i o n s  t h a t  t h e  r u l e  s t a t e d  

a s  n e c e s s a r y  f o r  s u p p o r t i n g  t h e  m a t c h e d  c o n c l u s i o n .  T h e  c h a i n i n g  

p r o c e s s  c o n t i n u e s  w i t h  t h e  s y s t e m  a t t e m p t i n g  t o  m a t c h  t h e  r i g h t  

s i d e  o f  t h e  r u l e  a g a i n s t  t h e  c u r r e n t  s y s t e m ' s  s t a t u s .  T h e  

c o r r e s p o n d i n g  I P  s i d e s  o f  t h e  r u l e s  m a t c h e d  a r e  u s e d  t o  g e n e r a t e  

n e w  i n t e r m e d i a t e  h y p o t h e s i s  w h i c h  a r e  r e c o r d e d  i n  t h e  d a t a  b a s e .  

T h e  b a c k w a r d  c h a i n i n g  c o n t i n u e s  u n t i l  t h e  h y p o t h e s i s  i s  p r o v e d .

4.3.5.4. User Interface

T h e  u s e r  i n t e r f a c e  i s  a  p i e c e  o f  s o f t w a r e  t h a t  l e t s  t h e  u s e r  

c o m m u n i c a t e  w i t h  t h e  s y s t e m .  I t  a s k s  q u e s t i o n s  o r  p r e s e n t s  m e n u  

c h o i c e s  f o r  e n t e r i n g  i n i t i a l  i n f o r m a t i o n  i n  t h e  d a t a  b a s e .  I t  

p r o v i d e s  a  m e n u s  o f  c o m m u n i c a t i n g  t h e  a n s w e r  o r  s o l u t i o n  o n c e  i t  

h a s  b e e n  f o u n d .  A n y  i n t e r m e d i a t e  c o m m u n i c a t i o n s  d u r i n g  t h e  

p r o b l e m _ s o l v i n g  p r o c e s s  a r e  t a k e n  c a r e  o f  b y  t h e  u s e r  i n t e r f a c e .

T h e  c l a u s e s  u s e d  i n  t h e  r u l e s  a r e  u s e d  a s  o u t p u t s  w i t h  a p p r o p r i a t e
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p r e f a c e s  i n  s i m p l e  s y s t e m s .  S o m e  e x p e r t  s y s t e m s  a l s o ,  a s  V P - E x p e r t ,  

c a n  i n c l u d e  b l o c k s  o f  t e x t  w i t h  e a c h  r u l e  a n d  a t  t h e  b e g i n n i n g  o r  

t h e  e n d  o f  t h e  e x p e r t  s y s t e m .  T h e s e  a r e  u s e d  t o  p r o v i d e  a d d i t i o n a l  

i n f o r m a t i o n  o r  e x p l a n a t i o n s .

4.3.6. Expart System Features

E x p e r t  s y s t e m s  a r e  m o r e  u s e f u l  i f  t h e y  h a v e  s o m e  a d d i t i o n a l  

f e a t u r e s .  T h e s e  i n c l u d e  a n  e x p l a n a t i o n  f a c i l i t y ,  e a s e  o f  

m o d i f i c a t i o n ,  t r a n s p o r t a b i l i t y ,  a n d  a d a p t i v e  l e a r n i n g  a b i l i t y .

4.3.6.1. Explanation Facility

U s u a l l y  t h e  f i r s t  t i m e  u s e r s  o f  t h e  e x p e r t  s y s t e m  a r e  s u r p r i s e d  

a t  h o w  q u i c k l y  i t  c o m e s  u p  w i t h  a  c o n c l u s i o n .  T h e y  c l e a r l y  d o n ' t  

b e l i e v e  i t .  U s e r s  f r e q u e n t l y  w a n t  t o  k n o w  j u s t  h o w  t h e  e x p e r t  

s y s t e m  a r r i v e d  a t  t h a t  a n s w e r .  M o s t  o f  t h e  e x p e r t  s y s t e m s  h a v e  a  

m e a n s  f o r  e x p l a i n i n g  t h e i r  c o n c l u s i o n .  T y p i c a l l y ,  t h i s  t a k e s  t h e  

f o r m  o f  s h o w i n g  t h e  r u l e s  i n v o l v e d  i n  t h e  d e c i s i o n  a n d  t h e  s e q u e n c e  

i n  w h i c h  t h e y  w e r e  f i r e d .

W h en  u s e r s  w a n t  t o  k n o w  t h e  e x p e r t  s y s t e m ' s  l i n e  o f  r e a s o n i n g ,  t h e y  

c a n  r e a d  t h e  r u l e s  a n d  f o l l o w  t h e  l o g i c  t h e m s e l v e s .

T h e  e x p l a n a t i o n  f a c i l i t y  i s  i m p o r t a n t  b e c a u s e  i t  h e l p s  t h e  u s e r  

f e e l  m o r e  c o m f o r t a b l e  w i t h  t h e  o u t c o m e .

V P _ E x p e r t  h a s  v e r y  p o w e r f u l  e x p l a n a t i o n  f a c i l i t y .  T h e s e  i n c l u d e :  

BECAUSE, HOW?, WHY?.

BECAUSE

T h e  b e c a u s e  k e y w o r d  a p p e a r s  i n  t h e  r u l e  b a s e . I t  p r o v i d e s  a n  

e x p l a n a t i o n  o f  t h e  e x p e r t  s y s t e m ' s  r u l e s  d u r i n g  e x e c u t i o n .  I t  l e t s  

u s  a d d  r e a s o n s  t o  t h e  r u l e s  i n  a  r u l e  b a s e .  T h e s e  r e a s o n s  d e s c r i b e  

h o w  t h e  r u l e  w o r k s  a n d  w h y  t h e  r u l e  r e q u i r e s  s p e c i f i c  a n s w e r s  f r o m
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HOW?

T h e  HOW? c o m m a n d  l e t s  u s  a s k  h o w  V P - E x p e r t  a s s i g n e d  a  s p e c i f i c  

v a l u e  t o  a  v a r i a b l e .  I f  V P - E x p e r t  a s s i g n e d  t h e  v a l u e  t o  a  v a r i a b l e ,  

t h e  HOW? c o m m a n d  d i s p l a y s  t h e  BECAUSE t e x t .  I f  t h e  r u l e  d o e s  n o t  

c o n t a i n  a  BECAUSE k e y w o r d  a n d  t e x t ,  V P - E x p e r t  d i s p l a y s  t h e  r u l e .  

WHY?

T h e  WHY? c o m m a n d  l e t s  u s  a s k  V P - E x p e r t  w h y  i t  i s  a s k i n g  a  

s p e c i f i c  q u e s t i o n .  I f  t h e  r u l e  c o n t a i n s  t h e  BECAUSE k e y w o r d  a n d  

t e x t ,  V P - E x p e r t  d i s p l a y s  t h e  BECAUSE t e x t .  I f  t h e  r u l e  d o e s  n o t  

c o n t a i n  t h e  BECAUSE k e y w o r d ,  V P - E x p e r t  d i s p l a y s  t h e  r u l e .  [ 6 5 ]

4.3.6.2. Ease Of Modification

I n  d o m a i n s  w h e r e  r a p i d  c h a n g e s  t a k e  p l a c e ,  i t  i s  i m p o r t a n t  t h a t  

s o m e  m e a n s  b e  p r o v i d e d  f o r  q u i c k l y  a n d  e a s i l y  i n c o r p o r a t i n g  t h i s  

k n o w l e d g e .  I f  t h e  e x p e r t  s y s t e m  w a s  d e v e l o p e d  u s i n g  m o d e r n

d e v e l o p m e n t  t o o l s ,  i t  i s  a  s i m p l e  m a t t e r  t o  m o d i f y  t h e  k n o w l e d g e  

b a s e  b y  w r i t i n g  n e w  r u l e s  o r  r e m o v i n g  r u l e s .

4.3.6.3 Transportabi1ity

T h e  w i d e r  t h e  a v a i l a b i l i t y  o f  a n  e x p e r t  s y s t e m  t h e  m o r e  u s e f u l  

i t  w i l l  b e .  T h e  m o r e  d i f f e r e n t  t y p e s  o f  c o m p u t e r s  f o r  w h i c h  t h e  

e x p e r t  s y s t e m  i s  a v a i l a b l e ,  t h e  m o r e  w i d e l y  t h e  e x p e r t i s e  c a n  b e  

u s e d .

4.3.6.4 Adaptive Learning Ability

T h i s  i s  a n  a d v a n c e d  f e a t u r e  o f  s o m e  e x p e r t  s y s t e m s  t h a t  a l l o w s  

t h e m  t o  l e a r n  f r o m  t h e i r  o w n  u s e .  A s  t h e  e x p e r t  s y s t e m  i s  b e i n g  

o p e r a t e d ,  t h e  i n f e r e n c e  e n g i n e  w i l l  d r a w  c o n c l u s i o n s  t h a t  c a n

the user.
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p r o d u c e  n e w  k n o w l e d g e .  T h i s  n e w  k n o w l e d g e  i s  s t o r e d  t e m p o r a r i l y  i n  

t h e  d a t a  b a s e ,  b u t  i n  s o m e  s y s t e m s  t h e y  c a n  l e a d  t o  t h e  c r e a t i o n  o f  

a  n e w  r u l e  w h i c h  c a n  b e  s t o r e d  i n  t h e  k n o w l e d g e  b a s e  a n d  u s e d  a g a i n  

i n  a  f u t u r e  p r o b l e m .

4.3.7. Uncertainty

E x p e r t  s y s t e m s  h a s  t h e  a b i l i t y  t o  d e a l  w i t h  u n c e r t a i n  

i n f o r m a t i o n .  I f  a n  e x p e r t  s y s t e m ,  i n  c o l l e c t i n g  i t s  i n i t i a l  i n p u t s ,  

a s k  a  q u e s t i o n  f o r  w h i c h  t h e  u s e r  d o e s  n o t  h a s  a n s w e r ,  t h e  u s e r  c a n  

s i m p l y  s a y  t h a t  h e  d o e s  n o t  k n o w .  E x p e r t  s y s t e m s  a r e  d e s i g n e d  t o  

d e a l  w i t h  i n p u t s  s u c h  a s  t h i s .

T h e r e  a r e  s e v e r a l  m e t h o d s  o f  d e a l i n g  w i t h  u n c e r t a i n  i n f o r m a t i o n .  I n  

r u l e  b a s e d  e x p e r t  s y s t e m s ,  n u m e r i c a l  f a c t o r s  i n d i c a t i n g  t h e  

p r o b a b i l i t y  o f  c o n c l u s i o n  a r e  u s e d  a s  a  m e a s u r e  f o r  u n c e r t a i n t y .  

T h e s e  n u m e r i c a l  f a c t o r s  a r e  k n o w n  a s  c e r t a i n t y  f a c t o r s  ( C F ) .

4.3.8. Fuzzy Logic

F u z z y  l o g i c  i s  a n o t h e r  m e t h o d  o f  d e a l i n g  w i t h  u n c e r t a i n  

k n o w l e d g e .  I t  i s  a  s y s t e m  c o n c e i v e d  b y  c o m p u t e r  s c i e n t i s t  L o t f i  

Z a d e h  f o r  d e a l i n g  i n  u n r e l i a b l e  i n f o r m a t i o n .  I n  t h i s  m e t h o d ,  a n  

a t t e m p t  i s  m a d e  t o  a s s i g n  n u m e r i c a l  r a n g e s  w i t h  a  p o s s i b i l i t y  v a l u e  

b e t w e e n  z e r o  a n d  o n e  t o  c o n c e p t s  s u c h  a s  t a l l ,  g o o d ,  h o t ,  a n d  o t h e r  

e l e m e n t s  w i t h  v a l u e s  t h a t  a r e  h a r d  t o  d e t e r m i n e .  [ 8 2 ]

4.3.9. Expert System Applications

T h e  a p p l i c a t i o n s  t h a t  f i t  t h e  w a y  a n  e x p e r t  s y s t e m  r e p r e s e n t s  

k n o w l e d g e  w i l l  b e  e x p l a i n e d ,  i n  d e t a i l s  i n  t h i s  s e c t i o n ,  t o  

d e t e r m i n e  w h e t h e r  a  p a r t i c u l a r  a p p l i c a t i o n  i s  s u i t a b l e  f o r  a n  

e x p e r t  s y s t e m .  E x p e r t  s y s t e m s  a r e  d e f i n i t e l y  n o t  s u i t a b l e  f o r  a l l
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s i t u a t i o n s .

4.3.9.1 Control

T h e  c o m p u t e r ,  i n  t h i s  a p p l i c a t i o n ,  i s  i n t e r f a c e d  t o  o t h e r  

s y s t e m .  T h e r e  a r e  t w o  b a s i c  t y p e s  o f  c o n t r o l ,  o p e n  l o o p  a n d  c l o s e d  

l o o p .  T h e  c o m p u t e r ,  i n  a n  o p e n  l o o p  s y s t e m ,  f o l l o w s  s t e p _ b y _ s t e p  

p r o c e d u r e  t o  c a u s e  a  p a r t i c u l a r  t y p e  o f  b e h a v i o r  t o  o c c u r  i n  t h e  

s y s t e m .  A c l o s e d  l o o p  c o n t r o l  u s e s  f e e d b a c k ,  t h a t  m o n i t o r s  t h e  

s y s t e m  s t a t u s .  T h i s  f e e d b a c k  i s  t h e  k e y  t o  u s e  t h e  e x p e r t  s y s t e m s  

i n  c o n t r o l  a p p l i c a t i o n s ,  b e c a u s e  i t  g i v e s  t h e  e x p e r t  s y s t e m  i n p u t s  

t o  u s e  i n  m a k i n g  d e c i s i o n s .  W i t h  t h i s  k i n d  o f  i n p u t  i n f o r m a t i o n  i n  

a d d i t i o n  t o  i t s  o w n  k n o w l e d g e  b a s e ,  a n  e x p e r t  s y s t e m  c a n  a d a p t  t o  

c h a n g i n g  c o n d i t i o n s .  I t  c a n  a l s o  d i a g n o s e  p r o b l e m s ,  a n d  c o r r e c t  

t h e m  b y  d e v e l o p  p l a n s  f o r  o v e r c o m i n g  t h e m .

4.3.9.2 Debugging

D e b u g g i n g  i s  t h e  p r o c e s s  o f  t r o u b l e s h o o t i n g ,  t h a t  f i n d s  

p r o b l e m s  i n  a  s y s t e m  a n d  c o m e s  u p  w i t h  a  c o r r e c t i v e  s o l u t i o n .

4.3.9.3 Design

D e s i g n  i n f o r m a t i o n  f o r  

i n  a n  e x p e r t  s y s t e m .  A u s e r  

d e s i g n

4.3.9.4 Diagnosis

E x p e r t  s y s t e m s  c a n  b e  u s e d  t o  d i a g n o s e  a  m a l f u n c t i o n  i n  a

d e v i c e  o r  s y s t e m .  F r o m  t h i s  a s p e c t  t h e y  a r e  s i m i l a r  t o  d e b u g g i n g  

e x p e r t  s y s t e m s  e x c e p t  t h a t  t h e y  d o  n o t  g i v e  a  s o l u t i o n  t o  t h e

p r o b l e m .  A d i a g n o s i s  s y s t e m  o b s e r v e s  t h e  b e h a v i o r  o f  t h e  d e v i c e  o r

c e r t a i n  t y p e s  o f  p r o d u c t s  c a n  b e  s t o r e d  

c a n  t h e n  c a l l  t h e  e x p e r t  s y s t e m  t o  

t h e  p r o d u c t .
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s y s t e m  a n d  m a k e s  n o t e  o f  i m p r o p e r  p e r f o r m a n c e .

4.3.9.5 Instruction

An e x p e r t  s y s t e m  d o m a i n  c a n  b e  u s e d  i n  t e a c h i n g  s t u d e n t s  h o w  t o  

s o l v e  p r o b l e m s  i n  t h e  f i e l d  o f  e x p e r t i s e .  T h e  s t u d e n t  c a n  w o r k  

t h r o u g h  d i f f e r e n t  p r o b l e m s  w i t h  t h e  e x p e r t  s y s t e m .  B y  u s i n g  t h e  

e x p l a n a t i o n  s u b s y s t e m ,  t h e  s t u d e n t  c a n  n o t i c e  t h e  s e q u e n c e  o f  r u l e s  

b e i n g  u s e d  t o  r e a c h  a  c o n c l u s i o n .  S o  t h e  s t u d e n t  c a n  g e t  a n  i d e a  

a b o u t  w h a t  k n o w l e d g e  a n  e x p e r t  n e e d s  a n d  h o w  i t  i s  u s e d  t o  s o l v e  

p r o b l e m s .

4.3.9.6. Interpretation

I n t e r p r e t a t i o n  i s  o n e  o f  t h e  b e s t  a p p l i c a t i o n s  f o r  a n  e x p e r t  

s y s t e m .  I n t e r p r e t a t i o n  s y s t e m s  a r e  g i v e n  i n p u t s  t h a t  c o n s i s t  o f  

o b s e r v a t i o n s  a n d  o t h e r  d a t a .  T h e n ,  u s i n g  i t s  k n o w l e d g e  b a s e  a n d  

i n f e r e n c i n g  s y s t e m ,  t h e  i n t e r p r e t a t i o n  s y s t e m  a t t e m p t s  t o  d e d u c e  a  

p a r t i c u l a r  s i t u a t i o n  f r o m  t h e  i n p u t  d a t a .  I t  a t t e m p t s  t o  e x p l a i n  

t h e  s i t u a t i o n  w h i c h  i t  r e p r e s e n t s .

4.3.9.7. Planning

A p l a n n e r  a t t e m p t s  t o  c o m e  u p  w i t h  a  m e t h o d  o r  a p p r o a c h  t h a t  

w i l l  a c h i e v e  a  g o a l .  G i v e n  t h e  o b j e c t i v e  a n d  s t a r t i n g  p o i n t ,  a s  

w e l l  a s  s o m e  p o s s i b l e  i n t e r m e d i a t e  s t e p s ,  a n  e x p e r t  s y s t e m  c a n  

p r o d u c e  a n  o p t i m u m  p l a n  f o r  a c h i e v i n g  t h a t  g o a l .  F o r  v e r y  c o m p l e x  

p r o j e c t s ,  p l a n n i n g  i s  a  d i f f i c u l t  h u m a n  t a s k .  B u t  f o r  a n  e x p e r t  

s y s t e m  w i t h  t h e  a p p r o p r i a t e  k n o w l e d g e  a n d  i n p u t s ,  p l a n n i n g  i s  a n  

e a s y  t a s k .
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P r e d i c t i n g  m e a n s  t o  f o r e t e l l  t h e  f u t u r e .  A p r e d i c t i o n  s y s t e m  

r e c e i v e s  i n p u t  d a t a  a b o u t  a  g i v e n  s i t u a t i o n .  T h e n  i t  d e d u c e  t h e  

o u t c o m e s .  W e a t h e r  f o r e c a s t i n g  i s  g o o d  e x a m p l e  o f  a n  e x p e r t  s y s t e m  

o f  t h i s  t y p e .

4.3.9 .9. Repair

R e p a i r  i s  t h e  p r o c e s s  o f  r e t u r n i n g  a  b r o k e n  d e v i c e  t o  i t s  

o r i g i n a l  s t a t e .  A r e p a i r  e x p e r t  s y s t e m  i m p l e m e n t s  a u t o m a t i c  r e p a i r  

o f  t h e  s y s t e m .  T h a t  a c c o m p l i s h  b y  b u i l d i n g  t h e  c a p a b i l i t y  o f  

d i a g n o s i s ,  d e b u g g i n g ,  a n d  p l a n n i n g  i n t o  i t .  T h e  s y s t e m  l o c a t e s  t h e  

t r o u b l e ,  s u g g e s t s  t h e  f a u l t  c a n d i d a t e  l i s t ,  w o r k s  o u t  a  p l a n ,  a n d  

t h e n  i m p l e m e n t s  i t .  [ 6 8 ]

4.4. Electronic Fault Diagnosis

D i a g n o s i s  i s  c o n c e r n e d  w i t h  p r o d u c i n g  a  h y p o t h e s i s  t o  e x p l a i n  

w h y  t h e  o b s e r v e d  b e h a v i o r  o f  a  s y s t e m  i s  d i f f e r e n t  f r o m  i t s  

e x p e c t e d  b e h a v i o u r .  T h i s  d e f i n i t i o n  o f  d i a g n o s i s  i s  p a r t i c u l a r l y  

s u i t a b l e  i n  t h e  a r e a  o f  e l e c t r o n i c  f a u l t  d i a g n o s i s .

I n  g e n e r a l ,  d i a g n o s i s  h a s  t w o  t a s k s .  T h e  f i r s t  t a s k  i s  t o  f i n d  a

h y p o t h e s i s  ( a  f a u l t )  t h a t  e x p l a i n s  t h e  m a l f u n c t i o n i n g  o f  t h e  

d e v i c e  o r  t o  p r o d u c e  a  h y p o t h e s i s  ( a  d i s e a s e )  t h a t  e x p l a i n s  a  

p a r t i c u l a r  s e t  o f  s y m p t o m s .

T h e  s e c o n d  t a s k  i n  b o t h  c a s e s  i s  t h e  e x t r a c t i o n  o f  e x t r a  

i n f o r m a t i o n  t h a t  i s  r e q u i r e d  t o  f o r m u l a t e  t h e  h y p o t h e s i s .

T h e r e  a r e  t h r e e  s t a g e s  i n  t h e  d i a g n o s t i c  p r o c e s s :

Abduction: a r r i v e  a t  a  h y p o t h e s i s  t o  e x p l a i n  t h e  s y m p t o m s .

Deduction: d e r i v e  e x p e r i m e n t a l  o u t c o m e s  o f  t h e  h y p o t h e s i s  a n d

c a r r y  o u t  t e s t s .

4.3.9.8. Pradiction

56



Induction: c o n c l u d e  t h e  h y p o t h e s i s  t o  b e  t r u e  o r  f a l s e .

[ 7 7 ]

MYCIN s y s t e m  i s  o n e  o f  t h e  e a r l y ,  f a m o u s  e x p e r t  s y s t e m s  f o r  m e d i c a l  

d i a g n o s i s  [ 4 7 ] .  I t  i s  a  b a c k w a r d  c h a i n i n g  r u l e  b a s e d  s y s t e m  f o r  

d i a g n o s i n g  a n d  t r e a t i n g  i n f e c t i o u s  b l o o d  d i s e a s e s .  T h e  k n o w l e d g e  

a b o u t  t h e  p r o b l e m  d o m a i n  i s  r e p r e s e n t e d  a s  IP - THEN r u l e s ,  t h u s  i t  

i s  s h a l l o w  k n o w l e d g e .

T h i s  s h a l l o w  k n o w l e d g e  r e p r e s e n t a t i o n  i s  c h a r a c t e r i s t i c  o f  

d i a g n o s t i c  e x p e r t  s y s t e m s  i n  m e d i c i n e  [ 4 6 ] .  On t h e  o t h e r  h a n d ,  s o m e  

o f  t h e  e x p e r t  s y s t e m s  d e v e l o p e d  f o r  e l e c t r o n i c  f a u l t  d i a g n o s i s  h a v e  

b e e n  m o d e l  b a s e d  ( [ 4 4 ]  o r  [ 3 6 ] ) .  T h i s  g i v e s  t h e  f u n d a m e n t a l  

d i f f e r e n c e  i n  t h e  n a t u r e  o f  t h e  r e a s o n i n g  i n v o l v e d  i n  m e d i c a l  

d i a g n o s i s  a n d  i n  e l e c t r o n i c  f a u l t  d i a g n o s i s .  M e d i c a l  d i a g n o s i s  i s  

b a s e d  o n  m o d e l s  o f  t h e  p a t h o l o g y  o f  t h e  s y s t e m  u n d e r  d i a g n o s i s  

t h e s e  a r e  s h a l l o w  m o d e l s  w h e r e a s  e l e c t r o n i c  f a u l t  d i a g n o s i s  i s  

b a s e d  o n  m o d e l s  o f  a  c o r r e c t l y  f u n c t i o n i n g  c i r c u i t .

T h i s  d i s t i n c t i o n  d o e s  n o t  o n l y  e x i s t  i n  t h e  w a y  h u m a n  e x p e r t s  

p e r f o r m  t h e s e  t a s k s  b u t  i s  a l s o  r e f l e c t e d  i n  t h e  w a y  e x p e r t  s y s t e m s  

a r e  d e s i g n e d  t o  o p e r a t e  i n  t h e s e  d o m a i n s .

T h a t  m e a n  t h a t  e x p e r t  s y s t e m s  f o r  m e d i c a l  d i a g n o s i s  n e e d  t o  b e

b a s e d  o n  s h a l l o w  k n o w l e d g e  r e p r e s e n t a t i o n s  w h i l e  t h o s e  d e v e l o p e d  

f o r  t r o u b l e s h o o t i n g  e l e c t r i c a l  c i r c u i t s  c a n  b e  b a s e d  o n  e i t h e r  d e e p  

o r  s h a l l o w  k n o w l e d g e .  An e l e c t r o n i c  f a u l t  d i a g n o s i s  s y s t e m  c a n  b e  

m o d e l  b a s e d  o r  i t  c a n  b e  b u i l t  u s i n g  s h a l l o w  r u l e s  l i n k i n g  s y m p t o m s  

t o  c a u s e s  [ 6 4 ] .

T h e r e  a r e  t w o  t y p e s  o f  h u m a n  e x p e r t s ,  t h e  d e s i g n  e n g i n e e r  a n d  t h e  

t e s t  t e c h n i c i a n .  T h e i r  r e a s o n i n g  s t r a t e g i e s  f o r  d i a g n o s i s  m a y  b e  

c o m p l e t e l y  d i f f e r e n t .  I n  a d d i t i o n  t h a t  o n e  e x p e r t  m i g h t  u s e

d i f f e r e n t  s t r a t e g i e s  a t  d i f f e r e n t  s t a g e s .  A t e c h n i c i a n  w i l l  s t a r t

59



o f f  r e a s o n i n g  t h e  f i r s t  p r i n c i p l e s  o f  w h a t  h e  k n o w s  a b o u t  

e l e c t r o n i c s  a n d  w i l l  p r o c e e d  t o  l e a r n  s h a l l o w  r u l e s  o f  t h u m b  

l i n k i n g  s y m p t o m s  t o  p o s s i b l e  c a u s e s  a s  h e  b e c o m e s  m o r e  f a m i l i a r  

w i t h  t h e  c i r c u i t .  S o  h e  m i g h t  o p e r a t e  l i k e  a  q u a l i t a t i v e  m o d e l  

b a s e d  s y s t e m .  A d e s i g n  e n g i n e e r  m i g h t  b e  c o n s i d e r e d  s i m i l a r  t o  a  

m o d e l  b a s e d  e x p e r t  s y s t e m .  S o  h e  m i g h t  o p e r a t e  l i k e  a  q u a n t i t a t i v e  

m o d e l  b a s e d  s y s t e m .

T h e  a r c h i t e c t u r e  f o r  a  k n o w l e d g e  b a s e d  s y s t e m  f o r  e l e c t r o n i c  f a u l t  

d i a g n o s i s  s h o u l d  r e f l e c t  o n e  o f  t h e s e  a p p r o a c h e s  [ 3 5 ] .

4.5. Shallow Knowledge

C o n c l u s i o n s  a r e  d r a w n  d i r e c t l y  f r o m  f a c t s  t h a t  d e s c r i b e  t h e  

p r o b l e m  i n  s h a l l o w  r e a s o n i n g .  S h a l l o w  k n o w l e d g e  i s  b e s t  c o n s i d e r e d  

a s  ' r u l e s  o f  t h u m b '  t h a t  d e s c r i b e  a  p a r t i c u l a r  p r o b l e m  d o m a i n .  

T h e s e  w o u l d  b e  s i m p l e  r u l e s  l i n k i n g  s y m p t o m s  t o  c a u s e s  i n  

d i a g n o s i s .  H um an e x p e r t s  m a y  a c q u i r e  t h e i r  k n o w l e d g e  a t  t h i s  l e v e l  

o r  t h e y  m a y  a c q u i r e  t h e m  a t  a  d e e p e r  l e v e l  w h e r e  t h e  k n o w l e d g e  i s  

b a s e d  o n  a  m o d e l  o f  t h e  s y s t e m  a n d  t h e  r e a s o n i n g  i s  d o n e  f r o m  t h e  

f i r s t  p r i n c i p l e s  i n  t h i s  m o d e l .

I f  a  p a r t i c u l a r  p r o b l e m  i s  u n s o l v a b l e  w i t h  t h e  s h a l l o w  k n o w l e d g e  

a v a i l a b l e  i n  a  s y s t e m  t h e n  t h e  k n o w l e d g e  b a s e  c a n  b e  e x t e n d e d  t o  

c o v e r  t h a t  p r o b l e m .  T h i s  e x t e n s i o n  w i l l  c o v e r  t h a t  p a r t i c u l a r  

p r o b l e m  o n l y .  T h i s  e x p l a i n  t h e  m a i n  p r o b l e m  w i t h  s h a l l o w  

r e p r e s e n t a t i o n s .  A s h a l l o w  k n o w l e d g e  b a s e d  s y s t e m  w i l l  n o t  p e r f o r m  

w e l l  o n  c a s e s  n o t  c o n s i d e r e d  i n  i t s  c o n s t r u c t i o n .

4.6. Shallow Knowledge Based Systems

S h a l l o w  k n o w l e d g e  b a s e d  s y s t e m s  a r e  u s u a l l y  r u l e  b a s e d  s y s t e m s .  

T h e  k n o w l e d g e  o f  a  p a r t i c u l a r  d o m a i n  i s  r e p r e s e n t e d  a s  I F - T H E N
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r u l e s .  T h e  s h a l l o w  k n o w l e d g e  i s  c o n s i d e r e d  t o  h a v e  s o m e  a d v a n t a g e s  

i n c l u d i n g :

( 1 )  S h a l l o w  r u l e s  a r e  a n  e a s y  w a y  o f  r e p r e s e n t i n g  t h e  d o m a i n  

k n o w l e d g e  o f  a n  e x p e r t .

( 2 )  T h e  k n o w l e d g e  b a s e  c a n  b e  e a s i l y  e x t e n d e d  b y  a d d i n g  n e w  

r u l e s .

( 3 )  T h e  u s e  o f  a  b a c k w a r d  c h a i n i n g  r u l e  b a s e d  s y s t e m

f a c i l i t a t e s  t h e  d e v e l o p m e n t  o f  a  u s e r  i n t e r f a c e  a s  t h e

i n f e r e n c e  e n g i n e  w i l l  a u t o m a t i c a l l y  a s k  t h e  u s e r  f o r  a n y

i n f o r m a t i o n  t h a t  i s  n o t  a v a i l a b l e  t o  t h e  s y s t e m  [ 3 9 ]  .

( 4 )  I t  i s  e a s y  t o  h a v e  a  r u l e  b a s e d  s y s t e m  e x p l a i n  i t s  l i n e  o f

e n q u i r y .

T h e  a d v a n t a g e s  a n d  d i s a d v a n t a g e s  o f  s h a l l o w  r u l e s  b a s e d  s y s t e m s  c a n  

b e  c o n s i d e r e d  u s i n g  t h e  PROCESSEX s y s t e m  w h i c h  i s  a n  e x p e r t  s y s t e m  

f o r  f a u l t  d i a g n o s i s  i n  d i g i t a l  e l e c t r o n i c s .  I t  i s  w r i t t e n  i n  EMYCIN 

w h i c h  i s  a  b a c k w a r d  c h a i n i n g  s y s t e m .

PROCESSEX c o n t a i n s  a b o u t  o n e  h u n d r e d  a n d  f i f t y  r u l e s  w h i c h  a r e  

w r i t t e n  i n  b o t h  E n g l i s h  a n d  t h e  L i s p - l i k e  c o d e  u s e d  b y  t h e  s y s t e m .  

EMYCIN u s e  t h e  E n g l i s h  r e p r e s e n t a t i o n  i n  i t s  e x p l a n a t i o n  f a c i l i t y .  

T h e  r u l e  s e t  h a s  a  r e a s o n a b l y  c o m p l e x  s t r u c t u r e  a s  s h o w n  i n  f i g .

4 - 3 .  T h i s  c o m p l e x  s t r u c t u r e  i n h e r e n t  i n  t h e  r u l e  b a s e  i s  

c h a r a c t e r i s t i c  o f  m o s t  r u l e  b a s e d  s y s t e m s  a n d  c o n t r a d i c t s  t h a t  r u l e  

b a s e  s y s t e m s  a r e  e a s i l y  e x t e n d e d .  I f  a n  e x t r a  r u l e  i s  t o  b e  a d d e d

t o  t h e  s y s t e m  t h e n  c a r e  m u s t  b e  t a k e n  t o  e n s u r e  t h a t  i t  f i t s  i n t o

t h e  e x i s t i n g  s t r u c t u r e .  [ 6 4 ]

4.7. Deep Knowledge

A m o d e l  b a s e d  s y s t e m  i s  m o r e  g e n e r a l  t h a n  t h e  e q u i v a l e n t  

s h a l l o w  k n o w l e d g e  b a s e d  s y s t e m  a s  s p e c i f i c  h e u r i s t i c s  w h i c h  h a n d l e
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f i g .  4 - 3 .  T h e  C o m p l e x  S t r u c t u r e  o f  PROCESSEX

i n d i v i d u a l  c a s e s  n e e d  n o t  b e  e n c o d e d .  I t  s h o u l d  b e  a b l e  t o  p e r f o r m  

w e l l  o n  p r o b l e m s  n o t  c l e a r l y  c o n s i d e r e d  i n  i t s  c o n s t r u c t i o n .  A t  t h e  

s a m e  t i m e  a  m o d e l  b a s e d  s y s t e m  s h o u l d  p e r f o r m  r e a s o n a b l y  w e l l  o n  

p r o b l e m s  o n  t h e  p e r i p h e r y  o f  i t s  k n o w l e d g e .

T h e  r e a s o n i n g  m e c h a n i s m  s h o u l d  b e  a b l e  t o  d r a w  c o n c l u s i o n s  i n  a l l  

c a s e s  f r o m  t h e  f i r s t  p r i n c i p l e s  d e s c r i b e d  i n  t h e  m o d e l .  T h e  c o n t r o l  

s t r u c t u r e s  r e q u i r e d  a r e  m o r e  c o m p l e x  b e c a u s e  o f  t h i s  g e n e r a l i t y .  

T h e y  a l s o  t a k e  l o n g e r  t o  e x e c u t e .  T h a t  b e c a u s e  o f  t h i s  c o m p l e x i t y ,  

a n d  b e c a u s e  t h e  i n f e r e n c e  c h a i n s  a r e  l o n g e r  d u e  t o  t h e  s m a l l  s i z e  

o f  t h e  k n o w l e d g e  [ 6 3 ] .
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4.8. Deep Knowledge (model) based gyetSM

K n o w l e d g e  e l i c i t a t i o n  d i f f i c u l t i e s  w i t h  s h a l l o w  k n o w l e d g e  b a s e d  

s y s t e m s  a r e  p r o b a b l y  a  f a c t o r  c o n t r i b u t i n g  t o  t h e  a m o u n t  o f  e f f o r t  

i n v e s t e d  i n  p r o d u c i n g  m o d e l  b a s e d  e x p e r t  s y s t e m s  f o r  e l e c t r o n i c  

f a u l t  d i a g n o s i s .  T h i s  i s  a n  i m p o r t a n t  d i f f e r e n c e  b e t w e e n  k n o w l e d g e  

b a s e d  s y s t e m s  f o r  m e d i c a l  d i a g n o s i s  a n d  t h o s e  f o r  e l e c t r o n i c  f a u l t  

d i a g n o s i s .

M o s t  m e d i c a l  d i a g n o s i s  s y s t e m s  a r e  s h a l l o w  k n o w l e d g e  b a s e d  s y s t e m s  

b e c a u s e  d e e p  m o d e l s  o f  t h e  p r o b l e m  d o m a i n  w o u l d  b e  v e r y  c o m p l e x  a n d  

a r e  n o t  u s e d  b y  h u m a n  e x p e r t s .  I n s t e a d  e x p e r t s  u s e  m o d e l s  o f  t h e  

v a r i o u s  p a t h o l o g i e s  o f  t h e  s y s t e m .  T h i s  i s  r e f l e c t e d  i n  a n  e x p e r t  

s y s t e m  f o r  d i a g n o s i s  o f  g l a u c o m a  c a l l e d  CASNET. CASNET s t a n d s  f o r  

c a u s a l - a s s o c i a t i o n a l  n e t w o r k  a n d  i s  s e m a n t i c  n e t w o r k  b a s e d  s y s t e m  

[ 4 8 ]  .

T h e  e q u i v a l e n t  t o  t h e s e  p a t h o l o g i c a l  m o d e l s  i n  e l e c t r o n i c  f a u l t  

d i a g n o s i s  a r e  f a u l t  m o d e l s ;  t h e s e  a r e  m o d e l s  o f  t h e  v a r i o u s  

d i f f e r e n t  t y p e s  o f  f a u l t  t h a t  c a n  o c c u r  i n  a  c i r c u i t .

C l a s s e s  o f  f a i l u r e ,  a s  u s e d  b y  D a v i s ,  a r e  g e n e r a l  f a u l t  m o d e l s  b u t  

a r e  p e r i p h e r a l  t o  t h e  m o d e l  b a s e d  d i a g n o s i s  s y s t e m  [ 4 1 ]  . D a v i s  m a i n  

m o d e l  i s  a  m o d e l  o f  t h e  s t r u c t u r e  a n d  b e h a v i o u r  o f  t h e  s y s t e m .

T h e  a d v a n t a g e s  a n d  d i s a d v a n t a g e s  o f  d e e p  k n o w l e d g e  b a s e d  s y s t e m s  

c a n  b e  c o n s i d e r e d  u s i n g  t h e  DART s y s t e m .

C o n s i d e r  t h e  f u l l - a d d e r  r e p r e s e n t e d  b y  t h e  c i r c u i t  d i a g r a m  i n  f i g .  

4 - 4 .

T h e  s t r u c t u r a l  i n f o r m a t i o n  a b o u t  t h i s  c i r c u i t  i s  r e p r e s e n t e d  b y  

L i s p - l i k e  e x p r e s s i o n s ,  o f  w h i c h  t h e  f o l l o w i n g  a r e  e x a m p l e s :

(XORG X I )

(CONN (OUT 1 X I )  ( I N  1 X 2 ) )

T h e  f i r s t  o f  t h e s e  e x p r e s s i o n s  i n d i c a t e s  t h a t  X I  i s  a n  O R - g a t e .  T h e
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F1

n e x t  o n e  i n d i c a t e s  t h a t  t h e  o u t p u t  o f  X I  i s  c o n n e c t e d  t o  t h e  f i r s t  

i n p u t  o f  X 2 . T h e  b e h a v i o u r a l  i n f o r m a t i o n  i s  r e p r e s e n t e d  a s  f o l l o w s :  

( I F  (AND (ORG d )  (VAL ( I N  2 d )  t  O N ))

(VAL (OUT 1 d )  t  O N ) )

I f  t h e  d e v i c e  i s  a n  O R - g a t e  a n d  t h e  s e c o n d  i n p u t  i s  o n  t h e n  t h e  

o u t p u t  i s  o n .  T h e  p r o c e s s  f o r  t r a c i n g  t h r o u g h  t h i s  m o d e l  t o  f i n d  a  

f a u l t  i s  d e s c r i b e d  i n  f i g .  4 - 5 .

f i g .  4 - 5 .  F l o w c h a r t  o f  t h e  DART D i a g n o s t i c  S y s t e m
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T h e  c o m p u t a t i o n  o f  s u s p e c t s  p r o d u c e s  a  s u s p e c t  s e t  w h i c h  h a s  t h e  

f o l l o w i n g  f o r m :

(OR (NOT p i )   (NOT p n )  )

W h e r e  p i  i s  a  s t a t e m e n t  f r o m  t h e  c i r c u i t s  d e s i g n  d e s c r i p t i o n  n o t  

k n o w n  t o  b e  t r u e .  F o r  i n s t a n c e ,  i f  t h e  d i a g n o s i s  h a d  r e a c h e d  a  

s t a g e  w h e r e  i t  k n o w s  t h a t  e i t h e r  o f  t h e  X O R - g a t e s ,  X I  o r  X2 i s

b r o k e n ,  t h e  s e t  w i l l  b e :

(OR (NOT (XORG X I ) )  (NOT (XORG X 2 ) ) )

C l e a r l y  t h e  d i a g n o s i s  i s  c o m p l e t e  w h e n  t h e  s e t  o f  s u s p e c t s  c o n t a i n s  

o n l y  o n e  e n t r y .  T h e  s e t  o f  s u s p e c t s  i s  r e d u c e d  b y  g e n e r a t i n g  

d i s t i n g u i s h i n g  t e s t s  b e t w e e n  t h e m .

T h e  d i f f e r e n c e  b e t w e e n  q u a l i t a t i v e  a n d  q u a n t i t a t i v e  m o d e l s  i s  n o t  

i m p o r t a n t  w i t h  d i g i t a l  e l e c t r o n i c s  w h e r e  t h e  b a s i c  o n e - z e r o  m o d e l  

i s  t h e  o n l y  r e a s o n a b l e  r e p r e s e n t a t i o n .  On t h e  o t h e r  h a n d  a n a l o g  

d e v i c e s  h a v e  a n  i n f i n i t e  n u m b e r  o f  p o s s i b l e  s t a t e s  s o  t h e r e  i s  a  

c o n s i d e r a b l e  d i f f e r e n c e  b e t w e e n  q u a n t i t a t i v e  a n d  q u a l i t a t i v e  

m o d e l s .

T h e s e  d i g i t a l  f a u l t  d i a g n o s i s  s y s t e m s  a r e  p r e s e n t e d  w o r k i n g  o n  

s i m p l e  c i r c u i t s .  R e a l  d i g i t a l  c i r c u i t s  a r e  m o r e  c o m p l e x  t h a n  t h i s .  

S o  i t  s e e m s  l i k e l y  t h a t  p u r e  m o d e l  b a s e d  e x p e r t  s y s t e m s  f o r  f a u l t  

d i a g n o s i s  w i l l  b e  e s t i m a t e l y  v e r y  d i f f i c u l t  f o r  t h e  e x p e c t e d  

f u t u r e .  T h i s  i s  v e r y  s i m i l a r  t o  t h e  c a s e  w i t h  a n a l o g  c i r c u i t s  w h e r e

q u a n t i t a t i v e  m o d e l s  a r e  v e r y  c o m p l e x .  [ 2 4 ] ,  [ 4 0 ] ,  [ 4 2 ]

A . 9. Advantages and Disadvantages of Shallow and Deep Knowledge 

Based Svat-amH

T h e  a d v a n t a g e s  a n d  t h e  d i s a d v a n t a g e s  o f  b o t h ,  d e e p  a n d  s h a l l o w  

k n o w l e d g e  b a s e d  s y s t e m s ,  w i l l  b e  p r e s e n t e d  i n  s u m m a r y  i n  t h i s  

s e c t i o n .
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4.9.1. Advantages and Disadvantages of Shallow Knowledge Based 

Systems

T h e  a d v a n t a g e s  o f  t h e  s h a l l o w  k n o w l e d g e  b a s e d  s y s t e m s  a r e :

( 1 )  S p e e d  o f  e x e c u t i o n .

( 2 )  E a s e  o f  r e p r e s e n t a t i o n  o f  e x p e r t  k n o w l e d g e  a s  s h a l l o w  

r u l e s .

T h e  d i s a d v a n t a g e s  o f  t h e  s h a l l o w  k n o w l e d g e  b a s e d  s y s t e m s  a r e :

( 1 )  D i f f i c u l t  t o  e x t e n d  t h e  k n o w l e d g e  b a s e .

( 2 )  W i l l  n o t  p e r f o r m  w e l l  o n  p r o b l e m  c a s e s  n o t  c o n s i d e r e d  i n  

s y s t e m  c o n s t r u c t i o n .

( 3 )  K n o w l e d g e  m a y  b e  d i s t r i b u t e d  t h r o u g h o u t  t h e  s y s t e m  a n d  

t h e r e f o r e  d i f f i c u l t  t o  a l t e r .

4.9.2. Advantages and Disadvantages of Deep Knowledge Based Systems

T h e  a d v a n t a g e s  o f  t h e  d e e p  k n o w l e d g e  b a s e d  s y s t e m s  a r e :

( 1 )  S h o u l d  b e  a b l e  t o  p e r f o r m  r e a s o n a b l y  w e l l  o n  c a s e s  n o t  

c o n s i d e r e d  e x p l i c i t l y  i n  t h e  c o n s t r u c t i o n  o f  t h e  s y s t e m .

( 2 )  E a s i l y  a l t e r e d  t o  o p e r a t e  i n  a n o t h e r  p r o b l e m  s i t u a t i o n  b y  

c h a n g i n g  t h e  m o d e l .

T h e  d i s a d v a n t a g e s  o f  t h e  d e e p  k n o w l e d g e  b a s e d  s y s t e m s  a r e :

( 1 )  S l o w  o f  e x e c u t i o n .

( 2 )  R e a s o n i n g  m e c h a n i s m  w i l l  b e  d i f f i c u l t  t o  g e n e r a t e  b e c a u s e  

o f  i t s  g e n e r a l i t y .  [ 3 5 ]

4.10. Systems Incorporating both Deep and Shallow Knowledge

A d e e p  k n o w l e d g e  b a s e d  s y s t e m  w o u l d  b e  t h e  i d e a l  s o l u t i o n  w e r e  

i t  n o t  f o r  t h e  p r o b l e m  o f  p e r f o r m a n c e . I t  s e e m s  u n a v o i d a b l e  t h a t  a  

s y s t e m  t h a t  r e a s o n s  a b o u t  a  c i r c u i t  f r o m  f i r s t  p r i n c i p l e s  w i l l  b e  

s l o w .  T h e  o b v i o u s  s o l u t i o n  i s  t o  i n c o r p o r a t e  s o m e  s h a l l o w  k n o w l e d g e
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i n t o  t h e  s y s t e m  i n  o r d e r  t o  ' s h o r t  c u t '  s o m e  o f  t h i s  r e a s o n i n g  f r o m  

f i r s t  p r i n c i p l e s .  T h i s  a p p r o a c h  i s  s u p p o r t e d  i n  [ 3 8 ]  a n d  [ 4 5 ] ,

T h i s  p r o j e c t  w i l l  b e  d e s c r i b e d  a s  a n  e x a m p l e  o f  a  k n o w l e d g e  b a s e d  

s y s t e m  f o r  e l e c t r o n i c  f a u l t  d i a g n o s i s  i n c o r p o r a t i n g  b o t h  d e e p  a n d  

s h a l l o w  k n o w l e d g e .

4.10.1. EXP-Test System

E l e c t r o n i c  f a u l t  d i a g n o s e s  i s  c o n s i d e r e d  a  s u i t a b l e  a r e a  f o r  

e x p e r t  s y s t e m s  a p p l i c a t i o n s  a n d  t h e  r e s e a r c h  i n  t h i s  a r e a  i s  w e l l  

d o c u m e n t e d  [ 3 8 ] ,  [ 4 1 ] ,  [ 4 5 ] .  I t  i s  c o n s i d e r e d  t h a t  t h e  b e s t

a p p r o a c h  t o  t h e  p r o b l e m  o f  g e n e r a t i n g  e x p e r t  s y s t e m s  f o r  

t r o u b l e s h o o t i n g  e l e c t r o n i c  c i r c u i t r y  i s  t o  i n c o r p o r a t e  b o t h  d e e p  

a n d  s h a l l o w  k n o w l e d g e  i n  t h e  s y s t e m  [ 4 5 ] .  T h i s  a p p r o a c h  r e c o g n i z e s  

t h e  u s e f u l n e s s  o f  b o t h  t y p e s  o f  k n o w l e d g e  a n d  u t i l i z e s  b o t h  i n  t h e  

t r o u b l e s h o o t i n g  p r o c e s s .

G i v e n  s y m p t o m s  o f  m i s b e h a v i o u r ,  t h e  e x p e r t  s y s t e m  m u s t  b e  a b l e  t o  

d e t e r m i n e  t h e  s t r u c t u r a l  d e f e c t s  r e s p o n s i b l e  f o r  t h e  f a u l t  f r o m  t h e  

d e e p  k n o w l e d g e  b a s e  [ 5 5 ]  . T h e  s t r u c t u r a l  k n o w l e d g e  h a s  t w o  

c o m p o n e n t s :  a  f u n c t i o n a l  p a r t  a n d  a  p h y s i c a l  p a r t .  T h e  f u n c t i o n a l  

p a r t  i s  s i m i l a r  t o  t h e  s c h e m a t i c  o f  t h e  c i r c u i t  w h i l e  t h e  p h y s i c a l  

p a r t  c o r r e s p o n d s  t o  t h e  c i r c u i t  l a y o u t .

E X P - T e s t  S y s t e m  w a s  d e v e l o p e d  a s  a  s y s t e m  f o r  e l e c t r o n i c  f a u l t  

d i a g n o s i s .  I t  h a s  t h e  a d v a n t a g e s  o f  t h e  b o t h  t y p e s  o f  k n o w l e d g e ,  

s h a l l o w  a n d  d e e p  k n o w l e d g e ,  ( T h e  s h a l l o w  k n o w l e d g e  i s  t h e  k n o w l e d g e  

a b o u t  f a u l t  p r o c e d u r e  a n d  t h e  d e e p  k n o w l e d g e  i s  t h e  k n o w l e d g e  a b o u t  

e l e c t r o n i c  c i r c u i t r y ) .

T h e  f o l l o w i n g  e x a m p l e  w i l l  d e s c r i b e  t h e  w a y  E X P - T e s t  S y s t e m  

r e p r e s e n t  t h e  s h a l l o w  a n d  d e e p  k n o w l e d g e  ( t h i s  e x a m p l e  c h e c k s  t h e  

o u t p u t  o f  t h e  t r a n s f o r m e r ) :
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RUNTIME; ! This statement eliminates the Rules and Values

1 w i n d o w s  w h e n  t h e  u s e r  r u n s  t h e  r u l e  b a s e .

ACTIONS ! T h i s  s t a t e m e n t  a n d  F IN D  c l a u s e  d e f i n e  t h e  s t e p s

1 f o r  s o l v i n g  a  p r o b l e m .

D IS P L A Y  “ WELCOME TO

E X P -T E S T  SYSTEM

SYSTEM FOR T E S T IN G  CNC MACHINE

< P R E S S  ANY KEY TO START>

CLS i T h i s  c l a u s e  c l e a r s  t h e  c o n s u l t a t i o n  w i n d o w .

F IN D  THE_PROBLEM;

RULE POWER_SUPPLY

I F CHECK__TRANSFORMER = YES

THEN CALL \T C 2 \S K E T C H 1  

CALL \ T C 2 \SK ETCH 2  

CALL \ T C 2 \ E X P _ T l  

LOADFACTS F I L E 9  

F IN D  THE_TEST  

THE_PROBLEM = FOUND;

RULE P0WER_SUPPLY1  

I F  d e l t a l  > =  ( s t a n d e r l )

THEN WOPEN 1 , 1 5 , 1 , 8 , 6 0 , 4  1 T h i s  c l a u s e  d e f i n e  t h e  p o s i t i o n ,

! s i z e ,  a n d  b a c k g r o u n d  c o l o r  o f  a  w i n d o w .

AC TIVE 1 ! T h i s  c l a u s e  d i s p l a y s  a  w i n d o w  o n  t h e  s c r e e n .

D ISP L A Y

"THERE I S  A PROBLEM I N  THE TRANSFORMER, I  SUGGEST  

YOU TO REPLACE I T .

PRESS < E N T E R > , THEN <Q> TO E X I T . - "

WCLOSE 1 I T h i s  c l a u s e  r e m o v e s  a  w i n d o w  f r o m  t h e  s c r e e n .  

RESET d e l t a l  ! T h e  RESET k e y w o r d  s e t s  t h e  v a l u e  o f  a
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RESET s t a n d e r l  ! v a r i a b l e  t o  u n k n o w n .

THE_TEST = FOUND 

ELSE CLS

D IS P L A Y  "THE TRANSFORMER I S  OK, < P R E S S  ANY KEY> TO 

CONTINUE T E S T IN G  T H I S  D E V I C E . - "

RESET d e l t a l  

RESET s t a n d e r l ;

ASK CHECK_TRANSFORMER : "TO CHECK THE TRANSFORMER:

DISCONNECT THE TRANSFORMER'S OUTPUT FROM ( J 9 ) . THEN  

PUT THE O S C IL L O S C O P E 'S  PROBE AT PO IN T  ( 1 ) .

TO LOCATE PO INT ( 1 )  AND CONTINUE THE T E S T ,

CHOOSE Y E S ,  AND P R E SS < E N T E R > . OTHERWISE CHOOSE NO,  

AND PRESS < E N T E R > . " ;

CHOICES CHECK_TRANSFORMER : Y E S ,  NO;

T h e  p r e v i o u s  e x a m p l e  c o n t a i n ,  t h e  t w o  t y p e s  o f  k n o w l e d g e  d e e p  a n d  

s h a l l o w  k n o w l e d g e .

T h e  s h a l l o w  k n o w l e d g e  i n  E X P - T e s t  S y s t e m  w a s  r e p r e s e n t e d  i n  n e a r l y  

o n e  h u n d r e d  o f  t h e  I F -T H E N  r u l e s .  T h e s e  I F - T H E N  r u l e s  g a v e  t h e  

s y s t e m  a n  e a s y  w a y  t o  r e p r e s e n t  t h e  d o m a i n  k n o w l e d g e  o f  t h e  e x p e r t  

i n  t h e  m a i n t e n a n c e ,  a l s o  i t  g a v e  t h e  s y s t e m  a  h i g h  s p e e d  e x e c u t i o n  

a n d  t h e  a b i l i t y  t o  e x t e n d  t h e  s y s t e m  e a s i l y ,  b y  a d d i n g  s o m e  r u l e s .  

T h e  s y s t e m  b a c k w a r d - c h a i n s  t h r o u g h  t h e s e  r u l e s  w i t h  t h e  g o a l  o f  

d i s c o v e r i n g  w h i c h  o f  f a u l t  c a n d i d a t e s  i s  f a u l t y .  T h e  c l a u s e s  o n  t h e  

l e f t - h a n d  s i d e  o f  t h e  r u l e s  m u s t  b e  f o u n d  t r u e  i n  o r d e r  t o  p r o v e  

t h e  c l a u s e  o n  t h e  r i g h t - h a n d  s i d e .  I f  t h e  i n f o r m a t i o n  i n  t h e  

c l a u s e s  o n  t h e  l e f t - h a n d  s i d e  i s  n o t  k n o w n  t o  t h e  s y s t e m  t h e n  i t
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w i l l  q u e r y  t h e  u s e r  f o r  t h a t  i n f o r m a t i o n .  S o  t h e  s y s t e m  g e t  t h e  

e x t r a  i n f o r m a t i o n  t h a t  i t  n e e d s  t o  i s o l a t e  a  f a u l t  b y  a s k i n g  t h e  

u s e r .

T h e  u l t i m a t e  p r o b l e m ,  o r  " g o a l "  o f  c o n s u l t a t i o n  i s  d e f i n e d  i n  a  

F IN D  c l a u s e  i n  t h e  ACTIONS b l o c k  o f  t h e  k n o w l e d g e  b a s e .  T h i s  c l a u s e  

i n s t r u c t s  t h e  i n f e r e n c e  e n g i n e  t o  F IN D  a  v a l u e  f o r  a  g i v e n

v a r i a b l e ,  w h i c h  w e  c a l l  t h e  " g o a l  v a r i a b l e " . T h e  g o a l  v a r i a b l e  

n a m e d  i n  t h e  F IN D  c l a u s e  o f  E X P - T e s t  S y s t e m ' s  AC TIO N S b l o c k  i s  

THE_PROBLEM. O n c e  THE_PROBLEM h a s  b e e n  i d e n t i f i e d  a s  t h e  g o a l

v a r i a b l e ,  t h e  i n f e r e n c e  e n g i n e  s e a r c h e s  t h e  k n o w l e d g e  b a s e  f o r  t h e  

f i r s t  r u l e  t h a t  c a n  a s s i g n  a  v a l u e  t o  t h e  g o a l  v a r i a b l e .  S i n c e  t h e  

g o a l  v a r i a b l e  i s  THE_PROBLEM, t h e  i n f e r e n c e  e n g i n e  l o o k s  f o r  t h e  

f i r s t  r u l e  c o n t a i n i n g  t h e  v a r i a b l e  THE_PROBLEM i n  i t s  c o n c l u s i o n .  

T h i s  i s  t h e  r u l e  POWER_SUPPLY. O n c e  t h e  r u l e  i s  f o u n d ,  t h e

i n f e r e n c e  e n g i n e  l o o k s  a t  t h e  f i r s t  v a r i a b l e  n a m e d  i n  t h e  p r e m i s e

o f  t h e  r u l e .  I f  i t  d o e s  n o t  k n o w  t h e  v a l u e  o f  t h e  v a r i a b l e ,  i t  

l o o k s  f o r  t h e  f i r s t  r u l e  c o n t a i n i n g  t h a t  v a r i a b l e  i n  i t s  

c o n c l u s i o n .

T h e  o n l y  v a r i a b l e  n a m e d  i n  t h e  p r e m i s e  o f  POWER_SUPPLY i s  

CHECK_TRANSFORMER. S i n c e  t h e  i n f e r e n c e  e n g i n e  d o e s n ' t  k n o w  t h e

v a l u e  o f  CHECK_TRANSFORMER, i t  s c a n s  t h e  k n o w l e d g e  b a s e  f o r  t h e

f i r s t  r u l e  w h i c h  m i g h t  p r o v i d e  t h e  v a l u e ,  i n  o t h e r  w o r d s ,  t h e  f i r s t

r u l e  w h i c h  m i g h t  c o n t a i n s  t h e  v a r i a b l e ,  THE_TRANSFORMER, i n  i t s  

c o n c l u s i o n .  B e c a u s e  t h e r e  i s  n o  s u c h  r u l e  i n  t h e  k n o w l e d g e  b a s e ,  

t h e  i n f e r e n c e  e n g i n e  ( a f t e r  s c a n n i n g  a l l  t h e  r u l e s  f o r  o n e  t h a t  c a n  

a s s i g n  a  v a l u e  t o  t h e  v a r i a b l e  THE_TRANSFORMER) l o o k s  f o r  a n  ASK  

s t a t e m e n t  t h a t  c a n  p r o v i d e  a  v a l u e  f o r  THE_TRANSFORMER. ASK

s t a t e m e n t  w i l l  p r o m p t  t h e  u s e r  f o r  i n f o r m a t i o n  n o t  c o n t a i n e d  i n  t h e  

k n o w l e d g e  b a s e .  T h e n  t h e  i n f e r e n c e  e n g i n e  w i l l  s e a r c h  f o r  a  CHOICES
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s t a t e m e n t  n a m i n g  t h e  s a m e  v a r i a b l e ,  w h i c h  c r e a t e s  a  m e n u  o f  o p t i o n s  

t o  a c c o m p a n y  t h e  q u e s t i o n  d u r i n g  a  c o n s u l t a t i o n .  I n  t h e  s t u d i e d  

c a s e  t h e  ASK s t a t e m e n t  w i l l  a s k  t h e  u s e r :

TO CHECK THE TRANSFORMER:

DISCONNECT THE TRANSFORMER'S OUTPUT FROM ( J 9 ) . THEN 

PUT THE O S C IL L O S C O P E 'S  PROBE AT PO IN T  ( 1 ) .

TO LOCATE PO INT ( 1 )  AND CONTINUE THE T E S T ,

CHOOSE Y E S ,  AND PRESS < E N T E R > . OTHERWISE CHOOSE NO,  

AND PRESS < E N T E R > .

T h e  c h o i c e s  w i l l  b e :  YES NO

H e r e  t h e  u s e r  m a k e s  c h o i c e ,  s o  i f  h e  c h o o s e s  Y E S .  YES b e c o m e s  t h e  

v a l u e  o f  CHECK_TRANSFORMER. S i n c e  t h e  i n f e r e n c e  e n g i n e  h a s  f o u n d  a  

v a l u e  f o r  CHECK_TRANSFORMER, i t  w i l l  g o  b a c k  t o  r u l e  POWER_SUPPLY, 

t o  g i v e  CHECK_TRANSFORMER t h e  d e f i n e d  v a l u e .

S i n c e  t h e  v a l u e  o f  CHECK_TRANSFORMER i s  Y E S ,  t h e  i n f e r e n c e  e n g i n e  

w i l l  f i r e  POWER_SUPPLY. W h en  POWER_SUPPLY i s  f i r e d  t h e  i n f e r e n c e  

e n g i n e  w i l l  c a l l s  f i r s t  o f  a l l  t h e  SKETCH1 f i l e ,  w h i c h  d r a w  t h e  

s c h e m a t i c  d i a g r a m  o f  t h e  c i r c u i t ,  t h e n  t h e  i n f e r e n c e  e n g i n e  c a l l s  

t h e  SKETCH2 f i l e ,  w h i c h  d r a w  t h e  l a y o u t  d i a g r a m  o f  t h e  c i r c u i t ,  

t h e n  t h e  i n f e r e n c e  e n g i n e  c a l l s  t h e  E X P _T 1 f i l e ,  w h i c h  g e t  t h e  

s i g n a l  f r o m  t h e  p e r i p h e r a l  i n s t r u m e n t s  a n d  c o m p a r e  i t  w i t h  t h e  

r e f e r e n c e  s i g n a l ,  a n d  g i v e  t h e  r e s u l t  v a l u e  t o  v a r i a b l e  d e l t a l ,  a n d  

c a l c u l a t e  t h e  a l l o w a b l e  t o l e r a n c e  a n d  g i v e  i t s  v a l u e  t o  s t a n d e r l ,  

t h e n  E X P _T 1  p r o g r a m  s a v e s  d e l t a l  a n d  s t a n d e r l  i n  a  t e x t  f i l e  

( F I L E 9 ) . T h e  i n f e r e n c e  e n g i n e  t h e n  g a t e  F I L E 9  f r o m  TURBO C . ,  a n d  

g i v e  t h e  v a l u e  FOUND t o  t h e  g o a l  v a r i a b l e

THE_PROBLEM, w h i c h  j u s t  w a s  a n  i n d e x  t o  t e l  t h a t  t h e  m a t c h  i s  

f o u n d .  T h e  F IN D  s t a t e m e n t  i n s i d e  POWER_SUPPLY r u l e ,  l e a d  t h e  

i n f e r e n c e  e n g i n e  t h r o u g h  t h e  k n o w l e d g e  b a s e ,  b y  g i v i n g  a  n e w  g o a l .

71



A f t e r  t h a t  t h e  i n f e r e n c e  e n g i n e  g o  t o  P0W ER_SUPPLY 1 r u l e ,  w h i c h

c o n t a i n  t h e  g o a l  v a r i a b l e  i n  i t s  c o n c l u s i o n .  D e p e n d i n g  o n  t h e  

c o m p a r i s o n  b e t w e e n  t h e  v a l u e  o f  ' d e l t a l '  a n d  t h e  v a l u e  o f  

' s t a n d e r l '  t h e  i n f e r e n c e  e n g i n e  w i l l  f i r e  t h e  P0W ER_SUPPLY1 r u l e  o r  

i t  w i l l  n o t .

T h e  d e e p  m o d e l  s h o u l d  c o n t a i n  a  s t r u c t u r a l  a n d  b e h a v i o u r a l

d e s c r i p t i o n  o f  t h e  c i r c u i t .

T h e  d e e p  k n o w l e d g e  w a s  r e p r e s e n t e d  i n  t h e  g r a p h i c  a c c o m p a n y  t o  e a c h  

t e s t  a p p l y i n g  o n  t h e  c i r c u i t ,  t h i s  g r a p h i c  h a s  t w o  d i m e n s i o n  t h e  

p h y s i c a l  d i m e n s i o n  ( l a y o u t  d i a g r a m ) ,  a n d  t h e  f u n c t i o n a l  d i m e n s i o n  

( s c h e m a t i c  d i a g r a m ) .

I n  a d d i t i o n  t o  r e p r e s e n t i n g  t h e  d e e p  k n o w l e d g e  i n  t h e  g r a p h i c ,  t h e  

d e e p  k n o w l e d g e  c a n  b e  r e p r e s e n t e d  i n  t h e  i n t e l l i g e n c e  o f  t h e  

t e c h n i c i a n  a n d  t h e  p r o d u c t i o n  r u l e s .  A s  m e n t i o n e d ,  w i t h  p r o d u c t i o n  

r u l e s ,  i t  i s  v e r y  e a s y  t o  m o d i f y  o r  a d d  a  n e w  k n o w l e d g e  t o  t h e

k n o w l e d g e  b a s e .  T h e  k e y  t o  t h e  s u c c e s s  o f  a n  e x p e r t  s y s t e m  i s  t h e

i n t e g r i t y  o f  i t s  k n o w l e d g e  b a s e .  I f  t h e  k n o w l e d g e  b a s e  i s  

i n c o m p l e t e ,  t h e  s y s t e m  w i l l  b e  a  p o o r  p r o b l e m  s o l v e r  a n d  i t  m a y  

l e a d  t o  w r o n g  s o l u t i o n s .  T h e r e f o r e ,  i t  i s  i m p o r t a n t  t h a t  t h e

k n o w l e d g e  b a s e  b e  k e p t  u p  t o  d a t e  a t  a l l  t i m e s .  I n  e l e c t r o n i c  f a u l t  

d i a g n o s i s  a  n e w  k n o w l e d g e  i s  b e i n g  a d d e d  c o n t i n u a l l y .  E x p e r t s

c o n t i n u e  t o  g a i n  d i f f e r e n t  e x p e r i e n c e s  a n d  i m p r o v e d  p r o b l e m _ s o l v i n g  

m e t h o d s .  A l l  o f  t h i s  s h o u l d  b e  i n c o r p o r a t e d  r e g u l a r l y  i n t o  t h e  

e x p e r t  s y s t e m  t o  k e e p  i t  u p  t o  d a t e . T h e  r u l e  f o r m a t  m a k e s  t h i s  

e a s y  b e c a u s e  i t  b r e a k s  t h e  k n o w l e d g e  d o w n  i n t o  s m a l l  p i e c e s .  S o  a n  

o l d  r u l e s  c a n  b e  r e w r i t t e n  t o  a c c o m m o d a t e  c h a n g e s .  A l s o  a  n e w

k n o w l e d g e  i s  a d d e d  b y  s i m p l y  w r i t i n g  n e w  r u l e s  a n d  s t o r i n g  t h e m  i n

t h e  k n o w l e d g e  b a s e .
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CHAPTER 5
INTEGRATING EXPERT SYSTEM 
AND ON-LINE TEST

5.1. Introduction

T h e  t e r m  ' e x p e r t  s y s t e m '  r e f e r s  t o  a  c o m p u t e r  p r o g r a m  t h a t  i s  

l a r g e l y  a  c o l l e c t i o n  o f  h e u r i s t i c  r u l e s  ( r u l e s  o f  t h u m b )  a n d  

d e t a i l e d  d o m a i n  f a c t s  t h a t  h a v e  p r o v e n  u s e f u l  i n  s o l v i n g  t h e  

s p e c i a l  p r o b l e m s  o f  s o m e  t e c h n i c a l  f i e l d .  E x p e r t  s y s t e m s  t o  d a t e  

a r e  a n  o u t g r o w t h  o f  a r t i f i c i a l  i n t e l l i g e n c e  ( A I ) , a  f i e l d  t h a t  h a s  

f o r  m a n y  y e a r s  b e e n  d e v o t e d  t o  t h e  s t u d y  o f  p r o b l e m - s o l v i n g  u s i n g  

h e u r i s t i c s ,  t o  t h e  c o n s t r u c t i o n  o f  s y m b o l i c  r e p r e s e n t a t i o n s  o f  

k n o w l e d g e  a b o u t  t h e  w o r l d ,  t o  t h e  p r o c e s s  o f  c o m m u n i c a t i n g  i n  

n a t u r a l  l a n g u a g e ,  a n d  t o  l e a r n  f r o m  e x p e r i e n c e .  E x p e r t i s e  i s  o f t e n  

d e f i n e d  t o  b e  t h a t  b o d y  o f  k n o w l e d g e  t h a t  i s  a c q u i r e d  o v e r  m a n y  

y e a r s  o f  e x p e r i e n c e  w i t h  a  c e r t a i n  c l a s s  o f  p r o b l e m .  O n e  o f  t h e  

h a l l m a r k s  o f  a n  e x p e r t  s y s t e m  i s  t h a t  i t  i s  c o n s t r u c t e d  f r o m  t h e  

i n t e r a c t i o n  o f  t w o  v e r y  d i f f e r e n t  p e o p l e :  a  d o m a i n  e x p e r t ,  a

p r a c t i c i n g  e x p e r t  i n  s o m e  t e c h n i c a l  d o m a i n ;  a n d  a  k n o w l e d g e  

e n g i n e e r ,  a n  A I  s p e c i a l i s t  s k i l l e d  i n  a n a l y z i n g  a n  e x p e r t ' s  

p r o b l e m - s o l v i n g  p r o c e s s  a n d  e n c o d i n g  t h e m  i n  a  c o m p u t e r  s y s t e m .  T h e  

b e s t  h u m a n  e x p e r t i s e  i s  t h e  r e s u l t  o f  y e a r s ,  p e r h a p s  d e c a d e s ,  o f  

p r a c t i c a l  e x p e r i e n c e ,  a n d  t h e  b e s t  e x p e r t  s y s t e m  i s  o n e  t h a t  h a s  

p r o f i t e d  f r o m  c o n t a c t  ( v i a  t h e  k n o w l e d g e  e n g i n e e r )  w i t h  a  h u m a n  

e x p e r t  [ 5 2 ] .

R e p a i r  o f  e l e c t r o n i c  s y s t e m s  a n d  e l e c t r o m e c h a n i c a l  e q u i p m e n t  i s  a  

d o m a i n  w e l l  s u i t e d  t o  e x p e r t  s y s t e m s  t e c h n o l o g y .  E x p e r t  s y s t e m s
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h a v e  b e e n  b u i l t  i n  a  w i d e  v a r i e t y  o f  d o m a i n s  [ 7  8 ]  i n c l u d i n g  s y s t e m s  

t h a t  s p e c i f i c a l l y  d e a l  w i t h  r e p a i r .  F o r  e x a m p l e ,  e x p e r t  s y s t e m s  f o r  

t r o u b l e s h o o t i n g  h a v e  b e e n  d e v e l o p e d  f o r  c o m p u t e r  i n s t a l l a t i o n s  a n d  

m i n i c o m p u t e r s .  D a r t  [ 2 4 ] ,  [ 5 4 ]  i s  a  s y s t e m  u s e d  t o  a s s i s t  a

t e c h n i c i a n  i n  f i n d i n g  f a u l t s  i n  a  c o m p u t e r  s y s t e m .  T w o v e r s i o n s  o f  

D a r t  h a v e  b e e n  r e c e n t l y  r e p o r t e d  t h a t  u s e  d i f f e r e n t  e x p e r t  s y s t e m  

t o o l s  a s  b a s i c  b u i l d i n g  b l o c k s .  E m y c i n  [ 7 9 ] ,  a  r u l e - b a s e d  s y s t e m ,  

w a s  e m p l o y e d  i n  t h e  f i r s t  D a r t  v e r s i o n  [ 2 4 ] ,  w h i l e  a  m e t a - l e v e l  

r e a s o n i n g  s y s t e m  [ 8 0 ]  w a s  u s e d  i n  t h e  s e c o n d  s y s t e m  [ 5 4 ] .  ID T  [ 5 6 ] ,  

a n  I n t e l l i g e n t  D i a g n o s t i c  T o o l ,  i s  a  s y s t e m  d e s i g n e d  t o  a s s i s t  i n  

i d e n t i f y i n g  f a u l t s  i n  PDP 1 1 / 0 3  c o m p u t e r s .  T h i s  s y s t e m  w a s  b u i l t  

u s i n g  O P S - 5  [ 8 1 ] ,  a  r u l e - b a s e d  s y s t e m  d e v e l o p e d  a t  C a r n e g i e - M e l l o n

[ 5 3 ]  .

I n  t h i s  r e s e a r c h  o n  r e p a i r  s y s t e m s .  I t  w a s  h y p o t h e s i z e d  t h a t  e x p e r t  

s y s t e m s  c a n  c a p t u r e  t h e  r e p a i r  k n o w l e d g e  o f  t h e  b e s t  q u a l i f i e d  

h u m a n  e x p e r t s  i n  a  p a r t i c u l a r  d o m a i n .  A s u c c e s s f u l l y  i m p l e m e n t e d  

s e r v i c e  a d v i s o r y  s y s t e m  w o u l d  a l l o w  a  t e c h n i c i a n  w i t h  o n l y  a  b r i e f  

t r a i n i n g  p e r i o d  t o  c o n d u c t  e x p e r t l y  g u i d e d  s e r v i c e  p r o c e d u r e s .  

R e d u c t i o n  o f  s e r v i c e  t i m e  a n d  o v e r a l l  m a i n t e n a n c e  c o s t s ,  i m p r o v e d  

a n d  u n i f o r m l y  a p p l i e d  s e r v i c e  s t r a t e g i e s ,  a n d  a u t o m a t e d  r e c o r d  

k e e p i n g  a r e  a m o n g  t h e  e x p e c t e d  b e n e f i t s  o f  t h e  u s e  o f  s u c h  a n  

e x p e r t  s e r v i c e  a d v i s o r y  s y s t e m .

S.2. Using Expert System in Building Intelligent Workstation

An e x p e r t  s y s t e m  i s  t h e  i n t e l l i g e n t  e l e m e n t  a m o n g  t h e  m a i n  

e l e m e n t s  w h i c h  a s s i s t  i n  b u i l d i n g  a n  i n t e l l i g e n t  w o r k s t a t i o n .  

U s i n g  a n  e x p e r t  s y s t e m  i n  c o n s t r u c t i n g  a n  i n t e l l i g e n t  w o r k s t a t i o n  

w i l l  m e a n  i m p l e m e n t i n g  t h e  a r t i f i c i a l  i n t e l l i g e n c e  t e c h n i q u e s  o n  

t h i s  w o r k s t a t i o n .  T h i s  w i l l  g i v e  t h e  w o r k s t a t i o n  a n  i n t e l l i g e n c e
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a t t r i b u t e  a n d  w i l l  l e a d  t o  a  p o w e r f u l  w o r k s t a t i o n .

E l e c t r o m e c h a n i c a l  s y s t e m s  s u c h  a s  CNC m a c h i n e s  h a v e  s e r v i c e  m a n u a l s  

w h i c h  d e s c r i b e  r e p a i r  p r o c e d u r e s  a t  a  c e r t a i n  p r a c t i c a l  l e v e l  o f  

d e t a i l ,  e g . ,  a b o u t  b o a r d  o r  e l e c t r o m e c h a n i c a l  u n i t  r e p l a c e m e n t .  

R e p a i r  o f  s u c h  s y s t e m s  i s  n o r m a l l y  a c c o m p l i s h e d  b y  d i r e c t  

r e p l a c e m e n t  o f  F i e l d  R e p l a c e a b l e  U n i t s  ( F R U s ) . D e t e c t i o n  a n d  

r e p l a c e m e n t  o f  d e f e c t i v e  F R U s a r e  t h e  b a s i c  o b j e c t i v e s  o f  t h e  

r e p a i r  t a s k  i n  t h e s e  s y s t e m s . D e p e n d i n g  o n  t h e  t y p e  o f  s y s t e m  

s e r v i c e d ,  s e r v i c e  m a n u a l s  v a r y  c o n s i d e r a b l y  i n  c o m p l e x i t y .  F o r  s o m e  

s y s t e m s ,  c o m p l e x  d e c i s i o n  t r e e s  a n d  f l o w c h a r t s  a r e  p a r t  o f  t h e  

m a n u a l  w h i l e  i n  o t h e r  s y s t e m s  o n l y  r u d i m e n t a r y  i n f o r m a t i o n  o n  

r e p a i r  i s  p r o v i d e d  [ 5 3 ] .

A n  e x p e r t ' s  ' i n t u i t i o n '  a n d  e f f i c i e n c y  a r e  n o t  f o u n d  i n  s e r v i c e  

m a n u a l s  a n d  s u c h  i n f o r m a t i o n  i s  n o r m a l l y  n o t  p r o v i d e d  t o  t h e  

e n d _ u s e r .  I n  f a c t ,  c o m p l e x  r e p a i r  p r o c e d u r e s  a r e  d i f f i c u l t  t o  

p r o v i d e  i n  a  m a n u a l .  F o r  e x a m p l e ,  b a s i c  o p e r a t i o n s  s u c h  a s  s e t t i n g  

u p  h y p o t h e s i s  b a s e d  o n  s y m p t o m s ,  p r o v i n g  h y p o t h e s i s ,  a n d  s u g g e s t i n g  

a n d  v e r i f y i n g  c o r r e c t i v e  a c t i o n s  a r e  o f t e n  c o m p l i c a t e d  b y  t h e  

p r e s e n c e  o f  s u b c l a s s e s  o r  s u b p r o b l e m s  w h i c h  r e q u i r e  a  c h a n g i n g  

f o c u s  o f  a t t e n t i o n  a n d / o r  c h a n g i n g  s t r a t e g i e s  w h e n  s o l v i n g  a  

p r o b l e m .  E f f e c t i v e  f o c u s i n g  m e c h a n i s m s  a n d  f l e x i b l e  s o l u t i o n  

s t r a t e g i e s  c a n n o t  b e  r e a d i l y  s u g g e s t e d  i n  a  s e r v i c e  m a n u a l  d u e  t o  

l a c k  o f  c o n t e x t u a l  i n f o r m a t i o n .  H o w e v e r ,  t h e s e  m e t h o d s  t h a t  a  h u m a n  

e x p e r t  r e a d i l y  p e r f o r m s  c a n  b e  i m p l e m e n t e d  u s i n g  a r t i f i c i a l  

i n t e l l i g e n c e  t e c h n i q u e s  [ 5 3 ] .

T h a t  m e a n  t h a t  t h e  m a i n  t a s k  o f  t h e  e x p e r t  s y s t e m  i s  t o  c a p t u r e  t h e  

r e p a i r  k n o w l e d g e  o f  t h e  b e s t  q u a l i f i e d  h u m a n  e x p e r t s  i n  i t s  

k n o w l e d g e  b a s e .

S o  t h e  e x i s t e n c e  o f  t h e  e x p e r t  s y s t e m  i n s i d e  t h e  i n t e l l i g e n t

75



w o r k s t a t i o n  g i v e s  a  s u c c e s s f u l l y  i m p l e m e n t e d  s e r v i c e  a d v i s o r y  

s y s t e m  w h i c h  i s  t h e  b e s t  s o l u t i o n  t o  s t o p  c a l l i n g  i n  t h e  e x p e r t  

p e r s o n  e v e r y  t i m e  a  b r e a k d o w n  h a p p e n e d  t o  a n y  o f  t h e  CNC m a c h i n e s  

i n  t h e  w o r k s h o p .

5.3. Improving the Productivity

B y  b u i l d i n g  t h e  i n t e l l i g e n t  w o r k s t a t i o n  w h i c h  i n c l u d e s  a l l  t h e  

r e p a i r  k n o w l e d g e  i n  i t s  e x p e r t  s y s t e m ' s  k n o w l e d g e  b a s e ,  w e  c a n  

d e p e n d  o n  a  t e c h n i c i a n  w i t h  a  l i m i t e d  e x p e r i e n c e  t o  s o l v e  a n y  

m a c h i n e ' s  b r e a k d o w n  p r o b l e m s .  T h a t  w i l l  r e d u c e  t h e  s e r v i c e  t i m e  a n d  

o v e r a l l  m a i n t e n a n c e  c o s t s ,  a l s o  t h a t  t e c h n i c i a n  w i l l  i n c r e a s e  h i s  

k n o w l e d g e  d a y  b y  d a y  b y  f i x i n g  m a c h i n e s  u s i n g  t h e  i n t e l l i g e n t  

w o r k s t a t i o n .  I f  h e  a d d s  t h e  a c q u i r e d  n e w  k n o w l e d g e  t o  t h e  k n o w l e d g e  

b a s e  o f  t h e  e x p e r t  s y s t e m ,  h e  w i l l  b e  a b l e  t o  h e l p  h i m s e l f  a n d  

o t h e r  t e c h n i c i a n s  a f t e r  h i m  t o  a c h i e v e  a  q u i c k  f a u l t  d i a g n o s i s  i n  

t h e  f u t u r e .  T h a t  o f  c o u r s e  w i l l  r e d u c e  t h e  b r e a k d o w n  t i m e  a n d  

i n c r e a s e  t h e  p r o d u c t i v i t y  a n d  t h e  b e n e f i t  t o  t h e  w h o l e  p l a n t .

5.4. Developing an Intelligent Mobile Workstation for On-Line Test.

A s  i l l u s t r a t e d  i n  f i g .  1 - 1  t h e  i n t e l l i g e n t  m o b i l e  w o r k s t a t i o n  

i s  a  m o b i l e  u n i t ,  w h i c h  c a n  b e  e a s i l y  m o v e d  f r o m  t h e  s e r v i c e  

s t a t i o n  t o  a n y  CNC m a c h i n e  i n s i d e  t h e  w o r k s h o p .

T h e  t o t a l  s y s t e m  c o n f i g u r a t i o n ,  w h i c h  i s  s h o w n  i n  f i g .  5 - 1 ,  c o n s i s t  

o f :

( 1 )  E X P - T e s t  S y s t e m .

( 2 )  G r a p h i c s .

( 3 )  T e c h n i c i a n .
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IN TFLLIG EN T WORKSTATION

Exp_Teat System

T h e  h i g h l y  s p e c i a l i z e d  p i e c e  o f  s o f t w a r e  t h a t  a t t e m p t s  t o  

d u p l i c a t e  t h e  f u n c t i o n  o f  a n  e x p e r t  i n  s o m e  f i e l d  o f  e x p e r t i s e .  

T h e  p r o g r a m  a c t s  a s  a n  i n t e l l i g e n t  c o n s u l t a n t  o r  a d v i s o r  i n  t h e  

d o m a i n  o f  i n t e r e s t ,  c a p t u r i n g  t h e  k n o w l e d g e  o f  o n e  o r  m o r e  

e x p e r t s  i n  i t s  k n o w l e d g e  b a s e .  N o n _ e x p e r t s  c a n  t h e n  t a p  t h e  

E X P - T e s t  S y s t e m  t o  s o l v e  r e p a i r  p r o b l e m s ,  a n d  m a k e  d e c i s i o n s  i n  

t h a t  r e p a i r  d o m a i n .
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Graphics

A s  m e n t i o n e d  t h e  G r a p h i c  e l e m e n t  i n  t h e  i n t e l l i g e n t  

w o r k s t a t i o n  c a p t u r e s  t h e  i m p o r t a n t  p a r t  o f  t h e  d e e p  k n o w l e d g e  

o f  t h e  s y s t e m ,  ( b e c a u s e  t h e  G r a p h i c  e l e m e n t  i s  v e r y  i m p o r t a n t ,  

w e  w i l l  d e v o t e  a  c o m p l e t e  c h a p t e r  t o  e x p l a i n  t h e  i n t e g r a t i n g  

g r a p h i c  CAD k n o w l e d g e  w i t h  e x p e r t  s y s t e m  a n d  o n - l i n e  t e s t ) . 

Technician

T h e  t e c h n i c i a n  b e i n g  c o n s i d e r e d  i s  a  p r a c t i t i o n e r  w i t h  

l i m i t e d  e x p e r i e n c e .  T h i s  m e a n s  a  t e c h n i c i a n  w i t h  o n l y  a  b r i e f  

t r a i n i n g  p e r i o d  o n  g u i d e d  s e r v i c e  p r o c e d u r e s  i s  s u i t a b l e .  S o  a n  

e x p e r t  w i t h  a  h i g h  l e v e l  o f  p e r f o r m a n c e  i s  n o t  r e q u i r e d .

T h e  u n i o n  o f  t h e s e  t h r e e  e l e m e n t s  c o m p r i s e s  t h e  i n t e l l i g e n t  m o b i l e  

w o r k s t a t i o n .

A s  m e n t i o n e d ,  t h e  i n t e l l i g e n t  m o b i l e  u n i t  c o n t a i n s  t h e  s h a l l o w  

k n o w l e d g e  a n d  t h e  d e e p  k n o w l e d g e .  I t  i s  v e r y  d i f f i c u l t  t o  

i n c o r p o r a t e  a l l  t h e  k n o w l e d g e  i n s i d e  t h e  k n o w l e d g e  b a s e  o f  t h e  

s y s t e m  i n  a  s h o r t - t i m e  o r  d u r i n g  t h e  c r e a t i o n  o f  t h e  s y s t e m .  S o  

j u s t  t h e  s h a l l o w  k n o w l e d g e  i s  i n c l u d e d  i n  t h e  p r o d u c t i o n  r u l e s  

( I F - T H E N )  o f  E X P - T e s t  S y s t e m  a t  t h e  e a r l y  s t a g e .  B y  u s i n g  t h e  

s y s t e m  i t  w o u l d  b e  e s s e n t i a l  f o r  t h e  u s e r  t o  r e f i n e  t h e  s h a l l o w  

k n o w l e d g e  a n d  t o  a d d  n e w  c a s e s  w h i c h  a r e  e n c o u n t e r e d  d u r i n g  t h e  u s e  

o f  t h i s  s y s t e m .  T h e  s h a l l o w  k n o w l e d g e  i s  u p d a t e d  a n d  i t  e x p a n d s  

c o n t i n u o u s l y  w h i l e  t h e  s y s t e m  i s  b e i n g  u s e d .  E X P - T e s t  S y s t e m  

c o n t a i n s  n e a r l y  o n e  h u n d r e d  p r o d u c t i o n  r u l e s ,  t h e s e  r u l e s  c o n t a i n  

t h e  k n o w l e d g e  o f  t h e  e x p e r t  i n  t h e  CNC m a c h i n e .  A t w o  d i m e n s i o n a l  

G r a p h i c  f a c i l i t y  h a s  b e e n  i n c o r p o r a t e d  i n  t h i s  w o r k ,  t h e  p h y s i c a l  

d i m e n s i o n  ( l a y o u t  d i a g r a m ) ,  a n d  t h e  f u n c t i o n a l  d i m e n s i o n  ( s c h e m a t i c  

d i a g r a m )  o f  t h e  c i r c u i t  b o a r d  w h i c h  i s  g o i n g  t o  b e  c h e c k e d .

T h e  d e e p  k n o w l e d g e  r e s i d e s  i n  t h e  G r a p h i c s  f a c i l i t y ,  w h i c h  c o n t a i n
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t h e  s t r u c t u r a l  i n f o r m a t i o n  a b o u t  t h e  U . U . T .  ( u n i t  u n d e r  t e s t )  

c i r c u i t r y ,  a n d  t h e  i n t e l l i g e n c e  o f  t h e  t e c h n i c i a n .  A v e r y  i m p o r t a n t  

p a r t  i s  p l a y e d  b y  t h i s  t e c h n i c i a n  i n  a n a l y z i n g  t h e  s c h e m a t i c  

d i a g r a m  o f  t h e  c i r c u i t  a n d  i n  d e f i n i n g  t h e  s o l u t i o n  i f  a  n e w  c a s e  

i s  e n c o u n t e r e d .

B y  i n t e g r a t i n g  t h e  E X P - T e s t  S y s t e m  w i t h  t h e  a c c o m p a n y i n g  G r a p h i c s  

f a c i l i t y  a n d  w i t h  t h e  i n t e l l i g e n c e  a n d  t h e  k n o w l e d g e  o f  t h e  

t e c h n i c i a n ,  t h e  i n t e l l i g e n t  m o b i l e  w o r k s t a t i o n  w i l l  i n c o r p o r a t e  

b o t h  d e e p  a n d  s h a l l o w  k n o w l e d g e .  T h i s  i n c o r p o r a t i o n  w i l l  g i v e  t h e  

i n t e l l i g e n t  m o b i l e  w o r k s t a t i o n  t h e  c a p a b i l i t y  o f  s o l v i n g  a l l  t h e  

p r o b l e m s  w h i c h  m i g h t  o c c u r .

N o w , l e t  u s  a s k  t h i s  q u e s t i o n :

How c a n  t h a t  a c c o m p l i s h  ?

I n  t h e  c a s e  o f  a  b r e a k d o w n  t o  a  CNC m a c h i n e ,  t h e  u s e r  o f  t h e  

m a c h i n e  w i l l  c a l l  t h e  s e r v i c e  t e c h n i c i a n ,  w h o  o f  c o u r s e ,  

i m m e d i a t e l y  w i l l  m o v e  t h e  i n t e l l i g e n t  m o b i l e  w o r k s t a t i o n  t o  t h e  

l o c a t i o n  o f  t h e  b r o k e n - d o w n  m a c h i n e .  T h e r e  h e  w i l l  s w i t c h  o n  t h e  

w o r k s t a t i o n  a n d  c a l l  E X P - T e s t  S y s t e m .  E X P - T e s t  S y s t e m  w i l l  b e g i n  t o  

g u i d e  t h e  t e c h n i c i a n  t o  d i a g n o s i s  t h e  p r o b l e m .

T h e  u s e r  i n t e r f a c e  w i l l  h e l p  t h e  E X P - T e s t  S y s t e m  t o  a s k  t h e  

t e c h n i c i a n  f o r  s o m e  i n f o r m a t i o n  a n d  w i l l  a s k  h i m  a l s o  t o  m o v e  t h e  

( D i g i t a l  O s c i l l o s c o p e ' s  p r o b e  o r  t h e  L o g i c  A n a l y z e r ' s  p r o b e ) ,  f r o m  

o n e  p o i n t  t o  a n o t h e r ,  t o  g e t  s o m e  t e s t  s i g n a l s .

T h e  G r a p h i c  f a c i l i t y  h a s  b e e n  i n t e g r a t e d  w i t h  E X P - T e s t  S y s t e m  i n  

s u c h  a  w a y  t h a t  E X P - T e s t  S y s t e m  p l o t s  t h e  d e s i r e d  c i r c u i t  b o a r d  o n  

t h e  s c r e e n .  T h e n  i t  s h o w s  t h e  p o i n t  w h i c h  n e e d s  t o  b e  c h e c k e d  b y  

E X P - T e s t  S y s t e m .

A t  t h i s  s t a g e  t h e r e  a r e  t w o  p o s s i b i l i t i e s :
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1 .  I f  t h e  t y p e  o f  f a u l t ,  w h i c h  i s  o n  t h e  m a c h i n e ,  i s  i n c l u d e d  

w i t h i n  t h e  k n o w l e d g e  b a s e  o f  E X P - T e s t  S y s t e m ,  E X P - T e s t  S y s t e m  

w i l l  d e f i n e  t h e  p r o b l e m  a n d  w i l l  p r i n t  o u t  t h e  f a u l t  c a n d i d a t e  

l i s t .  T h i s  w i l l  d e p e n d  o n  t h e  i n f o r m a t i o n  w h i c h  i s  p r o v i d e d  b y  

t h e  t e c h n i c i a n  a n d  o n  t h e  r e s u l t  o f  c o m p a r i n g  t h e  t e s t  s i g n a l s  

w i t h  t h e  r e f e r e n c e  s i g n a l s  o f  e a c h  p o i n t .

T h e  f o l l o w i n g  e x a m p l e ,  e x p l a i n s  h o w  E X P - T e s t  S y s t e m  a s k s  t h e  

u s e r  f o r  i n f o r m a t i o n ,  a s k  h i m  a l s o  t o  m o v e  t h e  o s c i l l o s c o p e ' s  

p r o b e  f r o m  p o i n t  t o  a n o t h e r ,  a n d  h o w  i t  d e f i n e s  t h e  f a u l t  

c a n d i d a t e  l i s t :

W hen t h e  u s e r  s t a r t  E X P - T e s t  S y s t e m ,  i t  w i l l  d i s p l a y :

WELCOME TO 

EXP-TEST SYSTEM 

SYSTEM FOR TESTING CNC MACHINE 

<PRESS ANY KEY TO CONTINUE>

T h e  u s e r  m u s t  f o l l o w  a l l  t h e  i n s t r u c t i o n s  w h i c h  a p p e a r  o n  t h e  

s c r e e n ,  s o  i f  h e  i s  r e a d y  f o r  t e s t i n g  t h e  m a c h i n e ,  h e  w i l l  p r e s s  

a n y  k e y  o n  t h e  k e y b o a r d .  I f  t h a t  h a p p e n e d ,  E X P - T e s t  S y s t e m  w i l l  

d i s p l a y :

CHECK THE MAIN POWER PLUG (220) ACV,

IF THE MAIN POWER IS OFF, (MOVE THE CURSOR TO OFF AND PRESS 

<ENTER>, IF ON PRESS <ENTER>.

ON OFF

I n  t h i s  c a s e  t h e  u s e r  s h o u l d  c h e c k  t h e  m a i n  p o w e r  a n d  n o t i f y
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E X P - T e s t  S y s t e m ,  w h a t  i s  t h e  r e s u l t .  I f  t h e  m a i n  p o w e r  i s  O F F ,  

E X P - T e s t  S y s t e m  w i l l  d i s p l a y :

SWITCH ON THE MAIN POWER AND BE SURE OF THE CONNECTION

BETWEEN THE MAIN POWER AND THE DEVICE. 

PRESS <ENTER> TO RETRY THE PREVIOUS TEST.

B u t  i f  t h e  m a i n  p o w e r  i s  o n ,  E X P - T e s t  S y s t e m  d i s p l a y :

TO CHECK THE TRANSFORMER: 

DISCONNECT THE TRANSFORMER'S OUTPUT FROM (J9). 

THEN PUT THE OSCILLOSCOPE'S PROBE AT POINT (1).

TO LOCATE POINT (1) AND CONTINUE THE TEST, CHOOSE YES, AND

PRESS <ENTER>. OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

I f  t h e  u s e r  p r e s s e s  Y E S ,  E X P - T e s t  S y s t e m  w i l l  d o  t h e  f o l l o w i n g  

p r o c e d u r e s .  F i r s t  o f  a l l ,  i t  w i l l  c a l l  SKETCH1 p r o g r a m  f r o m  t h e  

TURBO C .  s y s t e m ,  TO d r a w  t h e  s c h e m a t i c  d i a g r a m  o f  t h e  c i r c u i t .  

T h e  u s e r  s h o u l d  p r e s s  a n y  k e y ,  t h e n  E X P - T e s t  S y s t e m  w i l l  c a l l  

SKETCH2 p r o g r a m  f r o m  TURBO C .  s y s t e m .  A l s o ,  t h i s  p r o g r a m  d r a w s

t h e  l a y o u t  d i a g r a m  o f  t h e  c i r c u i t ,  a n d  w i l l  c a u s e  t h e

t r a n s f o r m e r  a r e a  , a n d  p o i n t  ( 1 )  t o  f l a s h ,  h e n c e  l o c a t i n g  p o i n t

( 1 ) .  A f t e r  t h a t  t h e  SKETCH2 p r o g r a m  w i l l  z o o m  o n t o  t h e  f l a s h i n g  

( t h e  t r a n s f o r m e r )  a r e a  a r o u n d  p o i n t  ( 1 ) ,  a n d  w i l l  d i s p l a y :

PRESS ANY KEY TO CONTINUE.

T h e  u s e r  s h o u l d  p u t  t h e  p r o b e  a t  p o i n t  ( 1 ) ,  t h e n  h e  s h o u l d  p r e s s
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E X P - T e s t  S y s t e m  w i l l  c a l l  E X P _ T 1  p r o g r a m ,  w h i c h  a s  m e n t i o n e d ,  

w i l l  r e t u r n  t w o  v a r i a b l e s :  d e l t a l  a n d  s t a n d e r l .

I f  d e l t a l  > =  s t a n d e r l  ( i f  t h e  r e c e i v e d  s i g n a l  i s  w r o n g ) ,

E X P - T e s t  S y s t e m  w i l l  t e l  t h e  u s e r  t h a t  t h e r e  i s  a  p r o b l e m  i n  t h e

t r a n s f o r m e r ,  s o  i t  w i l l  d i s p l a y :

THERE IS A PROBLEM IN THE TRANSFORMER, I SUGGEST YOU TO

REPLACE IT. 

PRESS <ENTER>, THEN <Q>, TO EXIT.

B u t  i f  d e l t a l  <  s t a n d e r l  ( i f  t h e  r e c e i v e d  s i g n a l  i s  c o r r e c t ) ,  

E X P - T e s t  S y s t e m  w i l l  d i s p l a y :

THE TRANSFORMER IS OK, <PRESS ANY KEY> TO CONTINUE TESTING

THIS DEVICE.

A t  t h i s  s t a g e  i f  t h e  u s e r  p r e s s e s  a n y  k e y ,  E X P - T e s t  S y s t e m  w i l l  

d i s p l a y :

PUT THE OSCILLOSCOPE'S PROBE AT POINT (2), 

IF YOU ARE READY, CHOOSE YES, AND PRESS <ENTER>. 

OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

T h e  G r a p h i c  f a c i l i t y  h a s  b e e n  c o n n e c t e d  j u s t  t o  p o i n t  ( 1 )  ( t o  

p r o v e  t h e  c a p a b i l i t y  o f  i n t e g r a t i n g  E X P - T e s t  S y s t e m  w i t h  G r a p h i c  

f a c i l i t y ) .

any key on the keyboard.
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I f  t h e  u s e r  c h o o s e s  Y E S ,  a f t e r  h e  p u t s  t h e  o s c i l l o s c o p e  p r o b e  a t  

p o i n t  ( 2 ) ,  E X P - T e s t  S y s t e m  w i l l  c a l l  E X P _ T 2 ,  w h i c h  w i l l  g e t  t h e  

s i g n a l  a t  p o i n t  ( 2 )  a n d  r e t u r n  d e l t a l  a n d  s t a n d e r l  t o  E X P - T e s t  

S y s t e m .

I f  d e l t a l  > =  s t a n d e r l  ( i f  t h e  r e c e i v e d  s i g n a l  i s  w r o n g ) , 

E X P - T e s t  S y s t e m  w i l l  d i s p l a y  ( i n s i d e  f l a s h i n g  w i n d o w ) :

THERE IS A PROBLEM IN THE (5V) OUTPUT, TO DEFINE WHICH 

COMPONENTS CAUSE THIS PROBLEM, YOU SHOULD MAKE TEST TO SOME 

OTHER POINTS BETWEEN POINT (1), AND POINT (2), <PRESS ANY 

KEY> TO CONTINUE.

B u t  i f  d e l t a l  <  s t a n d e r l ,  t h e n  E X P - T e s t  S y s t e m  w i l l  d i s p l a y :

THE (5V) OUTPUT IS OK, <PRESS ANY KEY>, TO CONTINUE TESTING 

THIS DEVICE.

A s s u m e  t h a t  ( d e l t a l  > =  s t a n d e r l )  i n  t h e  p r e v i o u s  c a s e ,  ( w r o n g  

s i g n a l  i s  r e c e i v e d  a t  p o i n t  ( 2 ) ) .

I f  t h e  u s e r  p r e s s e s  a n y  k e y ,  E X P - T e s t  S y s t e m  w i l l  d i s p l a y :

PUT THE OSCILLOSCOPE'S PROBE AT POINT (3).

IF YOU ARE READY, CHOOSE YES, AND PRESS <ENTER>.

OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

I f  t h e  u s e r  c h o o s e s  Y E S ,  t h e n  E X P - T e s t  S y s t e m  w i l l  c a l l  E X P _ T 3 , 

w h i c h  w i l l  g e t  t h e  s i g n a l  a t  p o i n t  ( 3 ) ,  c o m p a r e  i t  w i t h  t h e  

r e f e r e n c e  s i g n a l  a n d  r e t u r n  d e l t a l  a n d  s t a n d e r l .  ( I f  t h e  u s e r
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c h o o s e s  NO, t h e  s y s t e m  w i l l  w a i t  u n t i l  t h e  u s e r  i s  r e a d y  a n d  i t  

w i l l  p r o m p t  h i m  a g a i n ) .

I f  d e l t a l  > =  s t a n d e r l ,  E X P - T e s t  S y s t e m  w i l l  d i s p l a y :

THERE IS A PROBLEM BETWEEN POINT (3), AND POINT (1), 

TO BE MORE SPECIFIC, <PRESS ANY KEY> TO CONTINUE TESTING (5V) 

LINE.

B u t  i f  d e l t a l  <  s t a n d e r l ,  E X P - T e s t  S y s t e m  w i l l  d i s p l a y  t h e  f a u l t  

c a n d i d a t e  l i s t :

THE EXPECTED DAMAGED COMPONENTS ARE: 

(1) U21.

(2) VR1.

(3) C30.

(4) C28 .

(5) C5_7.

T h a t  w o r k  w i l l  t a k e  b y  e x p e r i e n c e ,  a b o u t  5 m i n u t e s .

2 .  I f  a  n e w  d e f e c t  i s  e n c o u n t e r e d ,  E X P - T e s t  S y s t e m  w i l l  b e

t e r m i n a t e d  a f t e r  s e v e r a l  t r i a l s  a n d  a  m e s s a g e  w i l l  b e  g i v e n  

s h o w i n g  t h a t  a  n e w  p r o b l e m  i s  b e i n g  p r o c e s s e d .

T h e  f o l l o w i n g  e x a m p l e ,  e x p l a i n s  h o w  E X P - T e s t  S y s t e m  a s k  t h e  u s e r  

f o r  m o r e  i n f o r m a t i o n ,  a n d  t e l l  h i m  t h a t  a  n e w  c a s e  i s

e n c o u n t e r e d :

T h i s  e x a m p l e  w i l l  c h e c k  t h e  d r i v e  m o t o r s  o f  t h e  U . U . T . ,  t o

d e f i n e  i f  t h e  m a l f u n c t i o n  i s  f r o m  o n e  o f  t h e  m o t o r s  o r  f r o m  t h e  

m o t o r ' s  d r i v e r .
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SWITCH THE PLOTTER (U.U.T.) OPP, PUT A BLANK PAPER, ONE PEN 

AT LEAST, (NOl). THEN PRESS (PI) & (P2), AT THE SAME TIME

SWITCH ON THE PLOTTER. THE TEST PROGRAM WILL RUN, TESTING THE 

OPERATION OF EVERY MOTOR, THAT CALLED (THE INTERNAL TEST 

PROGRAM) . BY LOOKING CAREFULLY TO THE MOTORS, PRESS <ENTER>, 

IF ALL OF THEM WORK PERFECTLY, OR MOVE THE CURSOR TO PROBLEM 

AND PRESS <ENTER>.

NO_PROBLEM PROBLEM

I f  t h e  u s e r  f i n d s  a  p r o b l e m  i n  t h e  p e r f o r m a n c e  o f  a n y  m o t o r ,  h e  

w i l l  s e l e c t  PROBLEM.

I n  t h i s  c a s e  E X P - T e s t  S y s t e m  w i l l  p r i n t  o u t  o n  t h e  s c r e e n :

ONE OF THE DRIVE MOTORS DOESN'T WORK, <PRESS ANY KEY> TO 

DEFINE WHICH ONE.

N o w  t h e  s y s t e m  w i l l  a s k  t h e  u s e r :

MOVE THE CURSOR TO THE SUITABLE DRIVE MOTOR WHICH YOU NOTICED 

DOESN'T WORK AND PRESS <ENTER>.

PAPER_DRIVE_MOTOR PEN_DRIVE_MOTOR

PEN_SOLENOID CAROUSEL_STEPPER_MOTOR

I f  t h e  u s e r  s e l e c t s  PAPER_DRIVE_MOTOR, E X P - T e s t  S y s t e m  w i l l  

d i s p l a y :

<PRESS ANY KEY>, TO DEFINE THE DAMAGED COMPONENTS.

W h en t h e  u s e r  p r e s s e s  a n y  k e y ,  t h e  s y s t e m  d i s p l a y s :
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PUT THE OSCILLOSCOPE'S PROBE AT POINT (ENCAX), OR (ENCBX). 

THEN ROTATE THE MOTOR MANUALLY, (BY USING ONE OP THE BUTTONS 

ON THE FRONT PANEL OF THE PLOTTER) . IF THERE IS A SQUARE 

SIGNAL PRESS <ENTER>, IF THERE IS NO SIGNAL:

MOVE THE CURSOR TO NO, AND PRESS <ENTER>.

YES NO

I f  t h e  u s e r  o b s e r v e s  t h e  s q u a r e  s i g n a l  o n  t h e  o s c i l l o s c o p e ' s  

s c r e e n ,  h e  w i l l  s e l e c t  Y E S .  I n  t h i s  c a s e  E X P - T e s t  S y s t e m  w i l l  

d i s p l a y :

THE ENCODER IS OK, <PRESS ANY KEY>, TO CONTINUE TESTING THIS 

UNIT.

T h e  u s e r  s h o u l d  p r e s s  a n y  k e y  t o  c o n t i n u e ,  t h e n  t h e  s y s t e m  

d i s p l a y s :

SWITCH ON THE LOGIC ANALYZER, THEN CHOOSE YES, AND PRESS 

<ENTER>. OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

N o w  t h e  s y s t e m  w i l l  c a l l  E X P _ S E T 1  p r o g r a m ,  w h i c h  w i l l  s e t u p  t h e  

L o g i c  A n a l y z e r .  W hen t h e  L o g i c  A n a l y z e r  i s  r e a d y ,  E X P - T e s t  

S y s t e m  d i s p l a y s :

CONNECT POD (0), CHANNEL (0), TO POINT (A), AND PRESS (START) 

BUTTON, ON THE LOGIC ANALYZER FRONT PANEL. WAIT TILL THE 

ANALYZER GET DATA ON IT'S SCREEN, THEN CHOOSE YES, AND PRESS 

<ENTER>. OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO
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A t  t h i s  p o i n t  t h e  e x p e r t  s y s t e m  w i l l  c a l l  E X P _ T 1 1  p r o g r a m ,  w h i c h  

w i l l  g e t  t h e  s i g n a l  f r o m  t h e  A n a l y z e r  a n d  c o m p a r e  i t  w i t h  t h e  

r e f e r e n c e  s i g n a l .  T h e n  E X P _ T 1 1  c a l c u l a t e s  t h e  t o t a l  d i f f e r e n c e ,  

s a v e  i t  i n  v a r i a b l e  d e l t a l ,  a n d  r e t u r n  d e l t a l  t o  E X P - T e s t  

S y s t e m .

I f  d e l t a l  >  0 ( w r o n g  s i g n a l  i s  r e c e i v e d ) , E X P - T e s t  S y s t e m  w i l l

d i s p l a y :

THERE IS A PROBLEM IN THE INPUT OF THE PAPER MOTOR DRIVER. 

THIS IS A NEW CASE, TO DEFINE WHICH COMPONENTS CAUSE THE 

PROBLEM, YOU SHOULD DO SOME OTHER TESTS TO THE INPUT AND

OUTPUT OF (U6) GATE ARRAY. PRESS <ENTER», THEN <Q> TO EXIT.

I t  i s  a  v e r y  d i f f i c u l t  j o b  f o r  a n  e x p e r t  t o  k n o w  o f  a l l  t h e  t y p e s

o f  p r o b l e m s  w h i c h  m i g h t  o c c u r  t o  a  m a c h i n e .  T h a t  m e a n s  t h e r e  i s  

a l w a y s  a  l a c k  i n  t h e  k n o w l e d g e  b a s e  o f  E X P - T e s t  S y s t e m .  T h i s  l a c k  

c a n  b e  c o m p e n s a t e d  f o r  b y  i n t e g r a t i n g  E X P - T e s t  S y s t e m ' s  k n o w l e d g e  

b a s e  w i t h  t h e  k n o w l e d g e  w h i c h  i s  i n c l u d e d  i n  t h e  G r a p h i c  s u b s y s t e m  

a n d  t h e  k n o w l e d g e  o f  t h e  t e c h n i c i a n .

S o  i f  E X P - T e s t  S y s t e m  d i d n ' t  c o m e  t o  a n y  s o l u t i o n ,  t h e  t e c h n i c i a n  

h a s  t o  a n a l y z e  t h e  s c h e m a t i c  d i a g r a m  o f  t h e  c i r c u i t ,  a n d  t r y  t o  

f i n d  o u t  t h e  f a u l t .

H o w e v e r ,  t h e r e  a r e  t w o  r e a s o n s  w h y  t h i s  w i l l  n o t  t a k e  t o o  l o n g .  

T h e  f i r s t  o n e ,  b e c a u s e  E X P - T e s t  S y s t e m  h a s  a l r e a d y  c o m p l e t e d  p a r t  

o f  t h e  a n a l y s e s .  T h e  s e c o n d ,  i s  t h e  g r e a t  h e l p  w h i c h  w i l l  t h e

g r a p h i c s  f a c i l i t y  g i v e .

W hen t h i s  t e c h n i c i a n  c o m e s  u p  w i t h  t h e  s o l u t i o n ,  h e  w i l l  u p d a t e  

E X P - T e s t  S y s t e m  w h i c h  m a y  b e  e a s i l y  a c c o m p l i s h e d  b y  a d d i n g  t h e  n e w  

c a s e  t o  i t ' s  k n o w l e d g e  b a s e .

87



A s  m e n t i o n e d ,  i t  i s  v e r y  e a s y  t o  u p d a t e  E X P - T e s t  S y s t e m ,  b y  a d d i n g  

o r  m o d i f y i n g  i t ,  b e c a u s e  i t  c o n s i s t s  o f  m a n y  p r o d u c t i o n  r u l e s  

( I F - T H E N ) ,  i e .  i t  i s  m o d u l a r .

U p - d a t i n g  E X P - T e s t  S y s t e m  w i l l  p r o v i d e  n e w  i n s i g h t s ,  d i f f e r e n t  

e x p e r i e n c e s ,  i m p r o v e  p r o b l e m - s o l v i n g  m e t h o d s ,  a n d  i n c r e a s e  t h e  

d e p t h  o f  t h e  k n o w l e d g e  i n s i d e  i t ' s  k n o w l e d g e  b a s e  a t  t h e  s a m e  t i m e .  

T h a t  w i l l  e a s e  t h e  t a s k  f o r  t h e  n e w  t e c h n i c i a n  i n  t h e  c a s e  o f  

a b s e n c e ,  r e t i r e m e n t  o r  d e a t h  o f  t h e  p r e v i o u s  t e c h n i c i a n .

T h e  n e w  t e c h n i c i a n  ( t e c h n i c i a n 2  i n  f i g .  5 - 1 )  w i l l  g e t  t h e  

a d v a n t a g e s  o f  a l l  t h e  k n o w l e d g e  o f  t h e  e x p e r t  a n d  t h e  k n o w l e d g e  o f  

t h e  p r e v i o u s  t e c h n i c i a n .  H e  w i l l  f i n d  t h e m  i n s i d e  t h e  k n o w l e d g e  

b a s e  o f  E X P - T e s t  S y s t e m .
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CHAPTER 6
INTEGRATING GRAPHIC CAD KNOWLEDGE WITH 

EXPERT SYSTEM AND ON-LINE TEST

6.1 INTRODUCTION

C o m p u t e r s  h a v e  b e e n  u s e d  t o  f a c i l i t a t e  t h e  d e s i g n  p r o c e s s  s i n c e  

t h e  e a r l y  1 9 6 0 s .  A p p l i c a t i o n s  h a v e  i n c l u d e d  a n a l y s i s  o f  d e s i g n s ,  

s i m u l a t i o n ,  a n d  e v e n  t h e  c o m p l e t e  a u t o m a t i o n  o f  s o m e  o f  t h e  d e s i g n  

p r o c e s s e s .  I n  t h e  e a r l y  1 9 7 0 s ,  i n t e r a c t i v e  c o m p u t e r  g r a p h i c s  b e c a m e  

a  p r a c t i c a l  t o o l  f o r  s u p p o r t i n g  g r a p h i c s - b a s e d  d e s i g n .  P r e s e n t l y ,  

t h e  g r e a t  m a j o r i t y  o f  c o m p u t e r - b a s e d  w o r k - s t a t i o n s  s u p p o r t i n g  

d e s i g n  a r e  o f  t h e  i n t e r a c t i v e  c o m p u t e r  g r a p h i c s  t y p e .

D u r i n g  t h e  p r e c e d i n g  t w e n t y - y e a r  p e r i o d  t h e  a c r o n y m  CAD h a s  b e e n  

u s e d  t o  a p p l y  t o  a n y  o r  a l l  o f  t h e  v a r i o u s  a p p l i c a t i o n  a r e a s  [ 7 2 ] .  

C o m p u t e r  a i d e d  d e s i g n  ( C A D ) , o r  d e s i g n i n g  w i t h  t h e  a i d  o f  a  

c o m p u t e r ,  h a s  e v o l v e d  t o  t h e  p o i n t  w h e r e  e a c h  o n e  w i l l  b e  e x p o s e d  

t o  i t s  c a p a b i l i t i e s .  T o d a y ,  d e s i g n i n g  w i t h  t h e  a i d  o f  a  c o m p u t e r  i s  

n o t  r e s e r v e d  f o r  a  c h o s e n  f e w .  A n y b o d y  w h o  h a s  a  p o p u l a r  p e r s o n a l  

c o m p u t e r  c o u l d  p u r c h a s e  a  CAD p a c k a g e  f o r  a  f e w  h u n d r e d  d o l l a r s  a n d  

b e g i n  d e s i g n i n g  t o d a y  [ 7 3 ] .

6.2 CAD System 

6.2.1 Overview

T h e  o b j e c t i v e  o f  CAD i s  t o  i n c r e a s e  p r o d u c t i v i t y  b y  u t i l i z i n g  

c o m p u t e r s  i n  t h e  d e s i g n  p r o c e s s .  T h e  m e a n i n g  o f  p r o d u c t i v i t y  h e r e  

i s  t h e  r a t i o  o f  l a b o r  h o u r s  r e q u i r e d  f o r  a  m a n u a l  d e s i g n  f u n c t i o n  

t o  t h e  l a b o r  h o u r s  r e q u i r e d  i f  a  c o m p u t e r  i s  u s e d  t o  s u p p o r t  t h e
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f u n c t i o n .

CAD i s  a  b r o a d  s u b j e c t  t h a t  f i t s  i n t o  a  b r o a d  s p e c t r u m  o f  a u t o m a t e d  

m e t h o d s .  T h e  f o l l o w i n g  d i a g r a m  ( f i g .  6 - 1 )  s h o w s  t h e  p l a c e  o f  CAD i n  

t h e  s p e c t r u m  o f  a u t o m a t e d  m e t h o d s :

A u to m o te d  methods

1
C o n s tru c tio n G ro up 1  E„s, „ u
m anagem ent te c h n o lo g y and design

C A M

1 . 
S im u la tio n

1 . 
O p t im iz a t io n

1 1 
C o m p u te r-  C o m p u te r-

a ide d
e n g r.

a id e d  
design (C A D )

I

C o m p u te r-a id e d  
design  and d ra ft in g  

(C A D D )

C o m p u te r-a id e d
d ra ft in g

(C A D )

f i g .  6 - 1 .  P l a c e  o f  CAD i n  t h e  S p e c t r u m  o f  A u t o m a t e d  M e t h o d s

CAD s y s t e m s  m a y  b e  e i t h e r  t w o - d i m e n s i o n a l  o r  t h r e e  d i m e n s i o n a l ,  a n d  

t h e y  m a y  b e  d e s i g n e d  t o  p r o v i d e  e i t h e r  s p e c i a l - p u r p o s e  o r

g e n e r a l - p u r p o s e  a p p l i c a t i o n s .  A l t h o u g h  t h e r e  i s  n o  s t r i c t  u s e  o f

t h e  a c r o n y m s ,  CADD g e n e r a l l y  r e f e r s  t o  "3D" ( t h r e e - d i m e n s i o n a l )

s y s t e m s  t h a t  b u i l d  a  m o d e l  o f  a  d e s i g n  a n d  t e n d  t o  a u t o m a t e  

d r a f t i n g .  C o m p u t e r - a i d e d  d e s i g n  ( C A D ) ,  g e n e r a l l y  r e f e r s  t o  “ 2D"  

( t w o - d i m e n s i o n a l )  s y s t e m s  t h a t  s u p p o r t  d r a f t i n g  m o r e  d i r e c t l y .

A " s p e c i a l - p u r p o s e "  a p p l i c a t i o n  r e f e r s  t o  a  s y s t e m  d e d i c a t e d  t o  a  

s p e c i f i c  n a r r o w  a p p l i c a t i o n ,  s u c h  a s  PCB b o a r d s ,  p i p i n g ,  a n d  t h e  

l i k e .  S p e c i a l - p u r p o s e  CAD s y s t e m s  a r e  o f t e n  r e f e r r e d  t o  a s  v e r t i c a l  

s y s t e m s .

90



A " g e n e r a l - p u r p o s e "  a p p l i c a t i o n  i s  a  m o r e  g e n e r a l  a p p l i c a t i o n  s u c h  

a s  a  h i g h e r - l e v e l  l a n g u a g e  t h a t  c a n  b e  a p p l i e d  i n  a  n u m b e r  o f  

a p p l i c a t i o n  a r e a s .  G e n e r a l - p u r p o s e  CAD s y s t e m s  a r e  o f t e n  r e f e r r e d  

t o  a s  h o r i z o n t a l  s y s t e m s .

T h e  g r e a t  m a j o r i t y  o f  CAD s y s t e m s  i n  u s e  t o d a y  a r e  g e n e r a l - p u r p o s e  

2D  s y s t e m s  t h a t  a r e  b e i n g  a p p l i e d  t o  h e l p  d r a f t i n g  i n  a n y  

d i s c i p l i n e s  a r c h i t e c t u r e ,  m e c h a n i c a l ,  c i v i l ,  e l e c t r i c a l ,  o r  

e l e c t r o n i c .

A l l  CAD s y s t e m s  t h a t  i n  a n y  w a y  a i d  o r  a u t o m a t e  d r a f t i n g  h a v e  t h e  

f o l l o w i n g  c o m p o n e n t s :

( 1 )  C o m p u t e r

( 2 )  G r a p h i c s  s c r e e n

( 3 )  G r a p h i c s  i n p u t  s u c h  a s  a  d i g i t i z e r ,  k e y b o a r d ,  m o u s e

( 4 )  G r a p h i c s  o u t p u t  s u c h  a s  a  p l o t t e r

C o m p u t e r  g r a p h i c s  i s  u s e d  i n  a r t ,  e n g i n e e r i n g ,  c o n s t r u c t i o n ,  

m a n u f a c t u r i n g ,  b u s i n e s s  m a n a g e m e n t ,  e d u c a t i o n ,  a n d  m a n y  o t h e r  

a r e a s .  An a r c h i t e c t  c a n  l a y  o u t  o r  d e s i g n  a  b u i l d i n g  u s i n g  a  

c o m p u t e r  a n d  s p e c i a l i z e d  g r a p h i c  s o f t w a r e .  A n i m a t e d  c a r t o o n s  a n d  

m o v i e s  a l s o  t a k e  a d v a n t a g e  o f  c o m p u t e r s  a n d  g r a p h i c  a p p l i c a t i o n  

p r o g r a m .  O n e  o f  t h e  m o s t  b a s i c  f o r m s  o f  c o m p u t e r  g r a p h i c s  i s  t h e  

b a r  c h a r t  o r  g r a p h .

S i m u l a t i o n  a n d  t r a i n i n g  o f  p i l o t s  i s  a n o t h e r  a r e a  w h e r e  c o m p u t e r  

g r a p h i c s  h a s  h a d  g r e a t  p a y o f f s .  W i t h  t h r e e  d i m e n s i o n s  

r e p r e s e n t a t i o n s  o f  a n  a i r c r a f t ' s  c o n t r o l s  a n d  a n  a i r p o r t ' s  l a n d i n g  

s t r i p ,  s t u d e n t  p i l o t s  c a n  l e a r n  t h e  b a s i c s  o f  f l y i n g  w i t h o u t  

w a s t i n g  e x p e n s i v e  f u e l .  T h e  s i m u l a t i o n  o f  a n  a i r c r a f t  a n d  a n  

a i r s t r i p  a l l o w  a  s t u d e n t  t o  e x p e r i e n c e  t h e  v i s u a l  a s p e c t  o f  f l y i n g  

w i t h o u t  h a v i n g  t o  s t e p  i n t o  a  p l a n e .
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A  v a r i e t y  o f  CAD a p p l i c a t i o n s  a r e  c u r r e n t l y  i n  u s e  o n

c o m p u t e r s ,  f r o m  m a i n f r a m e s  t o  p e r s o n a l  c o m p u t e r s .  T h e  i n d u s t r y  i s

g r o w i n g  s o  f a s t  t h a t  i t ' s  n o w  n e c e s s a r y  t o  s p e c i a l i z e  i n  a  s p e c i f i c

a p p l i c a t i o n  a r e a  j u s t  t o  m a i n t a i n  a  g o o d  k n o w l e d g e  o f  t h a t  f i e l d .  

O n e  o f  T h e  m o s t  i m p o r t a n t  a p p l i c a t i o n s  i s :

Printing Circuit Design

I f  t h e r e  i s  a  s i n g l e  f i e l d  i n  CAD t h a t  h a s  b e n e f i t t e d  m o s t ,  

i t  i s  t h e  p r i n t e d  c i r c u i t  d e s i g n  p r o c e s s .  W i t h  t h e

e l e c t r o n i c s  i n d u s t r y  b e c o m i n g  m o r e  c o m p e t i t i v e  i n  

d e v e l o p i n g  n e w  e l e c t r o n i c  p r o d u c t s ,  t h e  n e e d  f o r  t a k i n g  a  

d e s i g n e r ' s  f i r s t  s k e t c h e s  t o  f i n a l  a r t w o r k  i s  e s s e n t i a l .  A 

p r i n t e d  c i r c u i t  CAD s y s t e m  c a n  r e d u c e  e v e r y t h i n g  f r o m  

d e s i g n  t o  m a n u f a c t u r i n g  t h e  p r i n t e d  c i r c u i t  b o a r d s  i n  b o t h  

t i m e  a n d  c o s t .  T h e  p r o d u c t i v i t y  g a i n e d  b y  u s i n g  a  p r i n t e d  

c i r c u i t  CAD s y s t e m ,  c o m p a r e d  t o  t h e  m a n u a l  m e t h o d ,  c a n  b e  

u p  t o  f o u r  t o  o n e .  A p r i n t e d  c i r c u i t  CAD s y s t e m  a u t o m a t e s  

r e p e t i t i v e  a n d  t i m e - c o n s u m i n g  t a s k s  s u c h  a s  g e n e r a t i n g  

b i l l s  o f  m a t e r i a l s ,  a n d  m a n u a l  d e s i g n  c h e c k i n g .  T h e  

a p p l i c a t i o n  p r o g r a m s  f o r  p r i n t e d  c i r c u i t  d e s i g n  a i d  t h e  

d e s i g n e r  i n  d r a w i n g  t h e  s c h e m a t i c  d i a g r a m  d i r e c t l y  o n  t h e  

s c r e e n .  A l i b r a r y  o f  c i r c u i t  s y m b o l s  ( a v a i l a b l e  o n - l i n e )  

a r e  u s e d  t o  p l a c e  c o m p o n e n t s  o n  t h e  s c h e m a t i c  d i a g r a m .  W h en  

f i n i s h e d ,  t h e  d r a w i n g  c a n  b e  r e p r o d u c e d  b y  a  h i g h - q u a l i t y  

p e n  p l o t t e r  o r  a  s i m p l e  p r i n t e r .

A CAD m e t h o d  a l l o w s  a  d e s i g n  e n g i n e e r  t o  c r e a t e  o n - l i n e  

f i n i s h e d  s c h e m a t i c  d i a g r a m  d r a w i n g s .  CAD s y s t e m s  c o n t a i n  

p r e - s t o r e d  c h i p  d e s c r i p t i o n s  a n d  c o m p o n e n t  s y m b o l s  i n  a  

l i b r a r y .  T h e s e  l i b r a r y  s y m b o l s  b e c o m e  t h e  b u i l d i n g  b l o c k s

CAD Applications
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f o r  s c h e m a t i c  d i a g r a m  d e s i g n .

A CAD s y s t e m  m u s t  c o n s i s t  o f  a  c p u ,  a  s t o r a g e  d e v i c e  l i k e  a  f l o p p y  

d i s k  d r i v e ,  a  m o n i t o r ,  a n  i n p u t  d e v i c e  s u c h  a s  d i g i t i z e r  o r  m o u s e ,  

a n d  a  k e y b o a r d .  T h e  s o f t w a r e  r e q u i r e d  i s  a n  o p e r a t i n g  s y s t e m  ( f o r  

e x a m p l e ,  f o r  a  p e r s o n a l  c o m p u t e r ,  M S - D O S ) ; g r a p h i c s  s o f t w a r e  ( f o r  

e x a m p l e :  O rC A D /S D T  I I I  S y s t e m ) ;  a n d  a  d a t a b a s e  t o  c o n t r o l  t h e  

s t o r a g e  o r  t h e  d r a w i n g s  p r o d u c e d .  A l l  t h e  g r a p h i c  i n s t a l l a t i o n s  

h a v e  t w o  b a s i c  p a r t s :  h a r d w a r e  a n d  s o f t w a r e .  T h e  h a r d w a r e  i s  t h e

c o m p u t e r  a n d  i t s  a s s o c i a t e d  p e r i p h e r a l s .

6.2.2. OrCAD/SDT III System

O rC A D /S D T  I I I  S y s t e m  i s  a  c o m p l e t e  a n d  f l e x i b l e  s c h e m a t i c

c a p t u r e  p a c k a g e .  E a s y  t o  u s e  m e n u  d r i v e n  c o m m a n d s  h e l p  t h e  u s e r  t o  

c r e a t e ,  e d i t ,  s a v e ,  p r i n t ,  a n d  p l o t  e l e c t r o n i c  s c h e m a t i c s .  I t  i s  

d e v e l o p e d  s p e c i f i c a l l y  t o  r u n  o n  IBM p e r s o n a l  c o m p u t e r s  a n d  

c o m p a t i b l e s ,  O rC A D /S D T  I I I  s u p p o r t s  m o s t  o f  t h e  p o p u l a r  g r a p h i c s  

b o a r d s ,  p r i n t e r s ,  a n d  p l o t t e r s .  T h i s  e l i m i n a t e s  t h e  n e e d  f o r

s p e c i a l ,  p r o p r i e t a r y  h a r d w a r e  b y  e n a b l i n g  t h e  u s e r  t o  u s e  s t a n d a r d  

o u t p u t  e q u i p m e n t .

T h e  O rC A D /S D T  I I I  s o f t w a r e  p a c k a g e  c o n s i s t s  o f  t h e  s c h e m a t i c

d r a f t i n g  p r o g r a m  DRAFT, a  g r a p h i c a l  l i b r a r y  o b j e c t  e d i t o r  c a l l e d  

L I B E D I T ,  n e t l i s t ,  d e s i g n  c h e c k ,  p a r t  l i s t i n g ,  a n d  o t h e r  u t i l i t y  a n d  

l i b r a r y  p r o g r a m s .

DRAFT

DRAFT i s  t h e  s c h e m a t i c  d r a f t i n g  p r o g r a m  t h a t  e n a b l e s  t h e  u s e r  

t o  c r e a t e ,  e d i t  a n d  s a v e  s c h e m a t i c  w o r k s h e e t .  T h e  m a j o r  f e a t u r e s  o f  

DRAFT i n c l u d e :

( 1 )  U s e r  d e f i n a b l e  t e m p l a t e  d i m e n s i o n s  a t  1  m i l  r e s o l u t i o n .

( 2 )  U s e r  d e f i n a b l e  t e x t  s i z e .
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( 3 )  E i g h t  p a r t  f i e l d s .

( 4 )  O v e r  3 5 0 0  U n i q u e  l i b r a r y  p a r t s .

( 5 )  D e M o r g a n  E q u i v a l e n t  p a r t s .

( 6 )  P l a c e m e n t  o f  w i r e s ,  b u s e s ,  c o n n e c t o r s ,  l a b e l s ,  a n d  j u n c t i o n s .

( 7 )  R e a l - t i m e  r u b b e r b a n d i n g  o f  w i r e s  a n d  b u s e s  w h e n  o b j e c t s  a r e  

m o v e d .

( 8 )  P a r t  r o t a t i o n  a n d  m i r r o r i n g .

( 9 )  M o v i n g ,  r e p l i c a t i n g ,  a n d  d e l e t i n g  o b j e c t s  o r  b l o c k s  o f  o b j e c t s .

( 1 0 )  P o w e r f u l  s t e p - a n d - r e p e a t  c o m m a n d .

( 1 1 )  V i s i b l e  g r i d  d o t s  a n d  a n g l e d  b u s  e n t r i e s .

( 1 2 )  A u t o m a t i c  p a n n i n g  o f  t h e  w o r k s h e e t .

( 1 3 )  F i v e  z o o m  l e v e l s .

( 1 4 )  O v e r  1 0 0  u s e r - a s s i g n a b l e  m a c r o s .

( 1 5 )  U n l i m i t e d  l e v e l s  o f  h i e r a r c h y .

( 1 6 )  O n - L i n e  p a r t  b r o w s i n g  a n d  l i b r a r y  d i r e c t o r y .

( 1 7 )  P S p i c e  a n a l o g  s i m u l a t i o n  s h e l l  ( P S p i c e  n o t  i n c l u d e d ) .

( 1 8 )  S t r i n g  s e a r c h i n g .

( 1 9 )  V e r t i c a l  t e x t  p l a c e m e n t .

( 2 0 )  S u s p e n s i o n  o f  s e s s i o n  f o r  DOS c o m m a n d  e x e c u t i o n .

( 2 1 )  S u p p o r t s  "A" t h r o u g h  “ E " ,  a n d  c u s t o m  s i z e  w o r k s h e e t s .

Part Libraries

I n c l u d e d  w i t h  O r C A D /S D T  I I I  a r e  e x t e n s i v e  p a r t  l i b r a r i e s  o f  t h e  

m o s t  c o m m o n l y  u s e d  d e v i c e s  i n  t h e  i n d u s t r y .

Creating Custom Libraries

O rC A D /S D T  I I I  e n a b l e s  t h e  u s e r  t o  c r e a t e  h i s  o w n  " c u s t o m "  

l i b r a r i e s ,  o r  m o d i f y  e x i s t i n g  o n e s ,  i n  t w o  e a s y  w a y s .

F i r s t ,  t h e  u s e r  c a n  i n v o k e  t h e  g r a p h i c a l  o b j e c t  e d i t o r  c a l l e d  

L I B E D I T . W i t h  t h i s  e d i t o r ,  t h e  u s e r  c a n  u s e  c o m m a n d s  s i m i l a r  t o  

t h o s e  o f  O rC A D /S D T  I I I  t o  c o n s t r u c t  o r  m o d i f y  a  p a r t  o n  t h e  s c r e e n
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a n d  a d d  i t  t o  a  n e w  o r  e x i s t i n g  l i b r a r y .

S e c o n d ,  t h e  u s e r  c a n  u s e  a  t e x t  e d i t o r  t o  c r e a t e  a  l i b r a r y  s o u r c e

f i l e .  A l i b r a r y  s o u r c e  f i l e  i s  a n  A S C I I  t e x t  f i l e  t h a t  c o n t a i n s

i n s t r u c t i o n s  i n  t h e  OrCAD S y m b o l  D e s c r i p t i o n  L a n g u a g e .

Utility Programs

O rC A D /S D T  I l l ' s  f l e x i b i l i t y  c o n t i n u e s  a f t e r  t h e  s c h e m a t i c

d e s i g n  p r o c e s s  w i t h  e a s y - t o - u s e  u t i l i t y  p r o g r a m s ,  i n c l u d i n g :

* ANNOTATE: T h i s  p r o g r a m  s c a n s  a  h i e r a r c h y  o r  f l a t  f i l e  a n d

a u t o m a t i c a l l y  u p d a t e s  a l l  p a r t  r e f e r e n c e

d e s i g n a t o r s .

* BACKANNO: T h e  BACKANNO u t i l i t y  u p d a t e s  p a r t  r e f e r e n c e

d e s i g n a t o r s  i n  t h e  u s e r  d e s i g n .  T h e  i n p u t  t o  t h e  

p r o g r a m ,  a  l i s t  o f  o l d  a n d  n e w  r e f e r e n c e

d e s i g n a t o r s ,  i s  u s e d  t o  u p d a t e  t h e  u s e r  s c h e m a t i c  

w o r k s h e e t s .

* CLEANUP: T h i s  u t i l i t y  c h e c k s  t h e  w o r k s h e e t  f o r  w i r e s ,  b u s e s ,

j u n c t i o n s ,  l a b e l s ,  m o d u l e  p o r t s ,  a n d  o t h e r  o b j e c t s  

t h a t  a r e  p l a c e d  o n  t o p  o f  e a c h  o t h e r .

* COMPOSER: I f  t h e  u s e r  c h o o s e  t o  c r e a t e  l i b r a r y  p a r t s  u s i n g  a

t e x t  e d i t o r ,  COMPOSER i s  t h e  l i b r a r y  u t i l i t y  t h a t  

c o n v e r t s  t h e  u s e r  c u s t o m  l i b r a r y  s o u r c e  f i l e s  i n t o  

t h e  h i g h l y  c o m p r e s s e d  l i b r a r y  o b j e c t  f i l e s  u s e d  b y  

DRAFT.

* CR O SSR EF: T h i s  u t i l i t y  s c a n s  t h r o u g h  t h e  s c h e m a t i c  f i l e s ,

g a t h e r s  i n f o r m a t i o n  f o r  a l l  p a r t s  u s e d

i n  t h e  s c h e m a t i c  f i l e s ,  a n d  c r e a t e s  a  c r o s s  

r e f e r e n c e  l i s t i n g  t h a t  t e l l s  t h e  u s e r  w h e r e  e a c h  

p a r t  i s  l o c a t e d .

* DECOMP: I f  t h e  u s e r  c h o o s e  t o  c r e a t e  l i b r a r y  p a r t s  u s i n g  a
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t e x t  e d i t o r ,  DECOMP i s  a  l i b r a r y  d e - c o m p i l e r  t h a t  

e n a b l e s  t h e  u s e r  t o  c o n v e r t  t h e  O r C A D - s u p p l i e d  

l i b r a r y  o b j e c t  f i l e s  t o  l i b r a r y  s o u r c e  f i l e s .

* E RC: T h i s  i s  a  u t i l i t y  t h a t  p e r f o r m s  a n  e l e c t r i c a l  r u l e s

c h e c k  o f  t h e  u s e r  s c h e m a t i c  w o r k s h e e t s .

* LIBAR CH : T h i s  u t i l i t y  t a k e s  a l l  t h e  l i b r a r y  p a r t s  u s e d  i n

t h e  s c h e m a t i c  f i l e s  a n d  m a k e s  a  s i n g l e  l i b r a r y  

s o u r c e ,  a n  a r c h i v e d  l i b r a r y ,  c o n t a i n i n g  o n l y  p a r t s  

w h i c h  a r e  u s a b l e  f o r  t h o s e  s c h e m a t i c  f i l e s .

* L I B E D I T :  T h i s  u t i l i t y  e n a b l e s  t h e  u s e r  t o  c r e a t e  l i b r a r y

c o m p o n e n t s  o n  t h e  s c r e e n .

* N E T L I S T :  T h i s  p r o g r a m  g e n e r a t e s  a  n e t l i s t  o f  t h e  w o r k s h e e t

s i g n a l  a n d  p a r t  c o n n e c t i o n s .

* P A R T L IS T :  T h i s  u t i l i t y  s u m m a r i z e s  a l l  t h e  p a r t s  u s e d  i n  a

s c h e m a t i c  o r  g r o u p  o f  s c h e m a t i c  s h e e t s .

* PLOTALL: PLOTALL p l o t s  a  s c h e m a t i c  o r  g r o u p  o f  s c h e m a t i c

s h e e t s ,  i n  b a t c h  m o d e .

* PR IN T A L L : PRINTALL p r i n t s  a  s c h e m a t i c  o r  g r o u p  o f  s c h e m a t i c

s h e e t s ,  i n  b a t c h  m o d e .

* T R E E L IS T :  A  p r o g r a m  t h a t  s c a n s  a  h i e r a r c h i c a l

o r g a n i z a t i o n  o f  s h e e t s  t o  d i s p l a y  t h e  s t r u c t u r e ,  

s h e e t  n a m e s ,  a n d  s h e e t  p a t h  n a m e s  o f  t h e  h i e r a r c h y .

6.2.3. OrCAD Plot File

D u r i n g  t h e  l a s t  t w e n t y  y e a r s  CAD ( C o m p u t e r  A i d e d  D e s i g n )  h a s  

b e e n  u s e d  a s  a  p o w e r f u l  t o o l  i n  a l l  e n g i n e e r i n g  d i s c i p l i n e s ,  

s p e c i a l l y  i n  e l e c t r o n i c  e n g i n e e r i n g  f i e l d ,  a n d  p r i n t e d  c i r c u i t  

b o a r d  d e s i g n .

I t  w a s  v e r y  i m p o r t a n t  t o  i n c o r p o r a t e  CAD s y s t e m  i n  t h i s  w o r k  t o
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a c h i e v e  t h e  i n t e r a c t i v i t y ,  i n t e g r i t y  a n d  g e n e r a l i t y .

T h e  O rC A D /S D T  I I I ,  w h i c h  i s  a  c o m p u t e r  a i d e d  d r a f t i n g  p a c k a g e ,  

c a p a b l e  o f  d r a w i n g  2D  d i a g r a m s ,  h a s  b e e n  a d o p t e d .

O rC A D /S D T  I I I  p a c k a g e  i s  a  c o m p l e t e  a n d  f l e x i b l e  s c h e m a t i c  c a p t u r e  

p a c k a g e  b e i n g  u s e d  i n  t h e  d e p a r t m e n t .  I t  h a s  a n  e a s y  t o  u s e  m e n u  

d r i v e n  c o m m a n d s ,  w h i c h  h e l p  t o  d r a f t  a n d  p l o t  e l e c t r o n i c  

s c h e m a t i c s .

I n  o r d e r  t o  i n t e g r a t e  OrCAD w i t h  t h e  E X P - T e s t  S y s t e m ,  i t  w a s  

n e c e s s a r y  t o  a d o p t  a  n e u t r a l  f i l e ,  w h i c h  c a n  b e  p r o d u c e d  b y  

O rC A D /S D T  I I I  a n d  r e a d  b y  a n  e x t e r n a l  p r o g r a m .

T h e  p l o t  f i l e s  a r e  t h e  i d e a l  f i l e s  t o  b e  u s e d  i n  t h i s  p r o c e s s ,  

b e c a u s e  o f  i t s  c a p a b i l i t i e s  t o  r e p r e s e n t  a l l  t h e  e n t i t i e s ,  w h i c h  

c a n  b e  d r a w n  o n  t h e  s c r e e n .

A l s o ,  t h e s e  f i l e s  a r e  w r i t t e n  i n  t e x t  f i l e s ,  w h i c h  c a n  e a s i l y  b e  

r e a d  a n d  t r a n s l a t e d  t o  o t h e r  f o r m a t s .

O rC A D /S D T  I I I  h a s  t h e  c a p a b i l i t y  t o  c r e a t e  s e v e r a l  t y p e s  o f  OrCAD  

p l o t  f i l e s .  T h e s e  f i l e s  c o m m a n d  p l o t t e r s  t o  c r e a t e  h a r d c o p y  o f  t h e  

d r a w i n g s .

H P - f o r m a t t e d  p l o t  f i l e  h a s  b e e n  c h o s e n  t o  b e  u s e d  a s  a  n e u t r a l  f i l e  

i n  t h i s  i n t e g r a t i o n  p r o c e s s .

T h e  m a i n  d r a w i n g  e n t i t i e s  r e p r e s e n t e d  i n  t h i s  f o r m a t  a r e  a s  f o l l o w :

1 .  T h e  l i n e  c o m m a n d :  P A ( x l , y l ) ; P D ; P A ( x 2 , y 2 )

t h i s  c o m m a n d ,  a s k  H P - P l o t t e r  t o  d r a w  l i n e  b e t w e e n

p o i n t ( x l , y l ) a n d  p o i n t ( x 2 , y 2 ) .

2 .  T h e  t e x t  c o m m a n d :  P A ( x , y ) ; L B  text

t h i s  c o m m a n d ,  a s k  H P - P l o t t e r  t o  w r i t e  t h e  d e f i n e d  t e x t  a t  

p o i n t ( x , y ) .

3 .  T h e  c i r c l e  c o m m a n d :  P A ( x , y ) ; C I  r

t h i s  c o m m a n d ,  a s k  H P - P l o t t e r  t o  d r a w  a  c i r c l e  w i t h  t h e
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r a d i u s  r ,  a t  p o i n t ( x , y ) .

4 .  T h e  a r c  c o m m a n d :  P A ( x l , y l ) ; A A ( x , y ) , + / -  s t a r t  a n g l e ,  t h e

a r c  i n d e x .

o r :

A A ( x l , y l ) , + / -  s t a r t  a n g l e , t h e  a r c  i n d e x ; A A ( x , y ) , + / -  

s t a r t  a n g l e , t h e  a r c  i n d e x ,  

t h i s  c o m m a n d ,  a s k  H P - P l o t t e r  t o  d r a w  a n  a r c ,  a t  p o i n t ( x , y ) .  

I n  t h e  f i r s t  f o r m a t  P o i n t ( x l , y l )  d e f i n e  t h e  s t a r t  p o i n t  

( w h e r e  t h e  p l o t t e r ' s  p e n  s t a r t  d r a w i n g  t h e  a r c ) .  I n  t h e  

s e c o n d  f o r m a t ,  w h i c h  i s  e n c o u n t e r e d  i n  t h e  c a s e  o f  d r a w i n g  a  

c h a i n  o f  a r c s  ( c o i l ) ,  p o i n t ( x l , y l )  d e f i n e  t h e  c e n t r e  o f  t h e  

p r e v i o u s  a r c .

+ / -  d e f i n e  t h e  d i r e c t i o n  o f  t h e  d r a w  (+  f o r  c l o c k w i s e / -  f o r  

u n t i - c l o c k w i s e ) .

A s o f t w a r e  h a s  b e e n  d e v e l o p e d  u s i n g  TURBO C .  C o m p i l e r  t o  r e a d  t h e  

g r a p h i c a l  f o r m a t  o f  t h e  p l o t  f i l e  t o  b e  u s e d  i n  E X P - T e s t  S y s t e m .  

T h i s  s o f t w a r e  i s  d i v i d e d  i n t o  t w o  m a i n  p a r t s .  T h e  f i r s t  p a r t  o f  t h e  

p r o g r a m  s e a r c h e s  a n d  e x t r a c t s  a l l  t h e  d a t a  o f  t h e  d r a w i n g  e n t i t i e s .  

A f t e r  m a n i p u l a t i n g  a n d  m o d i f y i n g  t h e s e  d a t a ,  i t  s a v e s  t h e m  i n  a  

d a t a  f i l e  t o  b e  u s e d  l a t e r .

T h e  f u n c t i o n  o f  t h e  o t h e r  p a r t  o f  t h e  s o f t w a r e  i s  t o  r e a d  t h i s  d a t a  

f r o m  t h e  d a t a  f i l e ,  a n d  p r e p a r e  i t  s o  t h a t  i t  c a n  b e  d r a w n  o n  t h e  

s c r e e n .  T h e  s c r e e n  i s  s e t  t o  t h e  g r a p h i c  m o d e  u s i n g  a  s u i t a b l e  

s c a l e  a c c o r d i n g  t o  t h e  d r a w i n g .  TURBO C .  b u i l t - i n  f u n c t i o n s  h a v e  

b e e n  u s e d  t o  c r e a t e  t h e  s c h e m a t i c  d i a g r a m  o n  t h e  s c r e e n .  T h e s e  

f u n c t i o n s  a r e :

1 .  T h e  l i n e  f u n c t i o n :  l i n e ( x l , y l , x 2 , y 2 )

w h i c h  d r a w  l i n e  o n  t h e  s c r e e n  b e t w e e n  p o i n t ( x l , y l )  a n d  

p o i n t ( x 2 , y 2 ) .
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2 .  T h e  t e x t  f u n c t i o n :  o u t t e x t x y ( x , y , text)

w h i c h  w r i t e  t h e  d e f i n e d  t e x t  o n  t h e  s c r e e n  a t  p o i n t ( x , y ) .

3 .  T h e  c i r c l e  f u n c t i o n :  c i r c l e ( x , y ,  r )

w h i c h  d r a w  c i r c l e  o n  t h e  s c r e e n  a t  p o i n t ( x , y ) ,  w i t h  r a d i u s  

r .

4 .  T h e  a r c  f u n c t i o n :  a r c ( x , y , s t a r t  a n g l e , e n d  a n g l e , r )

w h i c h  d r a w  a r c  o n  t h e  s c r e e n  a t  p o i n t ( x , y ) ,  b e g i n n i n g  a t  t h e  

s p e c i f i e d  s t a r t  a n g l e ,  a n d  f i n i s h i n g  a t  t h e  s p e c i f i e d  e n d  

a n g l e ,  w i t h  r a d i u s  r .

S e v e r a l  t e s t s  h a v e  b e e n  c a r r i e d  o u t  u s i n g  t h e s e  p r o g r a m s ,  a n d  a s  a  

r e s u l t  b o t h ,  t h e  d r a w i n g s  c r e a t e d  b y  O r C A D /S D T  I I I  a n d  t h e  o n e  

e x t r a c t e d  f r o m  t h e  p l o t  f i l e  w e r e  i d e n t i c a l .

6 . 3 .  P r n n r » m a

T h e  s o f t w a r e  w h i c h  r e a d s  t h e  g r a p h i c a l  f o r m a t  o f  t h e  p l o t  f i l e  

a n d  d r a w s  t h e  g r a p h i c s  o n  t h e  s c r e e n  i s  d i v i d e d  i n t o  t w o  m a i n  

p a r t s .

T h e  f i r s t  p a r t  i s  c a l l e d  t h e  S e a r c h  P r o g r a m .  T h e  s e c o n d  p a r t  i s  

c a l l e d  t h e  S k e t c h  P r o g r a m .

F i g .  6 - 2  s h o w s  t h e  f l o w  c h a r t  o f  t h e  S e a r c h  P r o g r a m .

T h e  w o r k  o f  t h e  S e a r c h  P r o g r a m  i s  t o  s e a r c h  a n d  e x t r a c t  a l l  t h e  

d a t a  o f  t h e  d r a w i n g  e n t i t i e s ,  i n s i d e  t h e  p l o t  f i l e .  T h e n  t h e  S e a r c h  

P r o g r a m  w i l l  s a v e  t h e s e  d a t a  i n  a  d a t a  f i l e ,  a f t e r  m a n i p u l a t i n g  a n d  

m o d i f y i n g  t h e m .

I n  t h e  b e g i n n i n g  t h e  S e a r c h  P r o g r a m  o p e n s  t h e  OrCAD p l o t  f i l e  t o  

r e a d  i t ,  a n d  o p e n s  a  d a t a  f i l e  t o  s a v e  t h e  m o d i f i e d  d a t a  i n  i t .  

T h e n  t h e  S e a r c h  P r o g r a m  m a k e s  c h e c k s  o n  t h e  p l o t  f i l e  t o  e n s u r e  

t h a t  i t  i s  n o t  e m p t y .  A t  t h i s  s t a g e  i f  t h e  p l o t  f i l e  i s  e m p t y  t h e  

s e a r c h  p r o g r a m  w i l l  p r i n t  o n  t h e  s c r e e n :
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"ERROR: OPEN PLOT F I L E " .  T h e n  i t  w i l l  c l o s e  t h e  p l o t  a n d  d a t a  f i l e s  

a n d  e x i t .

B u t  i f  t h e  p l o t  f i l e  c o n t a i n s  t h e  g r a p h i c a l  i n f o r m a t i o n ,  t h e  S e a r c h  

P r o g r a m  w i l l  s t a r t  s e a r c h i n g  f o r  t h e  s t a r t  p o i n t  o f  t h e  d a t a ,  w h i c h  

i s  f o r  H P - f o r m a t ,  t h e  t e r m  ( S P 1 ) .

A f t e r  f i n d i n g  ( S P 1 )  i n s i d e  t h e  p l o t  f i l e ,  t h e  S e a r c h  P r o g r a m  

c h e c k s  t h e  p l o t  f i l e  t o  e n s u r e  t h a t  i t  h a s n ' t  r e a c h e d  i t s  e n d .

I f  t h e  S e a r c h  P r o g r a m  e n c o u n t e r e d  (EO F) i n s i d e  t h e  p l o t  f i l e  

i t  w i l l  c l o s e  t h e  p l o t  a n d  t h e  d a t a  f i l e s ,  a n d  e x i t .

T h i s  c h e c k  f o r  t h e  e n d  o f  f i l e  w i l l  b e  a c c o m p l i s h e d  a f t e r  e v e r y  

s e a r c h  f o r  n e w  d a t a  i n  t h e  p l o t  f i l e .

Now i f  i t  i s  n o t  t h e  e n d  o f  t h e  f i l e ,  t h e  S e a r c h  P r o g r a m  w i l l  s t a r t  

t o  s e a r c h  f o r  t h e  f i r s t  p a r t  o f  t h e  g r a p h i c a l  d a t a ,  w h i c h  a l w a y s  

h a s  o n e  o f  t h e  f o l l o w i n g  f o r m a t s :

1 .  P A ( x , y ) ; ( t h e  n o r m a l  c a s e ) .

2 .  A A ( x , y ) , + / -  s t a r t  a n g l e ,  t h e  a r c  i n d e x ;  ( i n  t h e  c a s e  o f  

d r a w i n g  a  c h a i n  o f  a r c s ) .

T h e n  i t  w i l l  s a v e  t h e  c a p t u r e d  d a t a  i n  a n  a r r a y  o f  c h a r a c t e r  

( F i r s t ) . A f t e r  t h a t  t h e  S e a r c h  P r o g r a m  m a k e s  t h e  e n d  o f  f i l e  c h e c k  

o n  t h e  p l o t  f i l e .  I f  i t  i s  p a s s e d ,  t h e  S e a r c h  P r o g r a m  w i l l  s t a r t  

s e a r c h i n g  f o r  t h e  s e c o n d  p a r t  o f  t h e  g r a p h i c a l  d a t a ,  w h i c h  w i l l  

t a k e  o n e  o f  t h e  f o l l o w i n g  f o r m a t s :

( 1 )  P A ( x , y )  f o r  d r a w i n g  l i n e .

( 2 )  LB t e x t  f o r  w r i t i n g  a  t e x t .

( 3 )  C l  r  f o r  d r a w i n g  a  c i r c l e .

( 4 )  A A ( x , y ) , + / -  s t a r t  a n g l e ,  t h e  a r c  i n d e x  f o r  d r a w i n g  a n  a r c .  

T h e n  i t  w i l l  s a v e  t h e  c a p t u r e d  d a t a  i n  a n o t h e r  a r r a y  o f  c h a r a c t e r  

( S e c o n d ) . A l s o  t h e  S e a r c h  P r o g r a m  w i l l  c h e c k  f o r  ( E O F ) , a f t e r  t h e  

p r e v i o u s  s e a r c h .
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N o w  t h e  S e a r c h  P r o g r a m  h a s  a  c o m p l e t e  i n f o r m a t i o n  f o r  d r a w i n g  a  

l i n e ,  a  c i r c l e ,  a n  a r c ,  o r  w r i t i n g  a  t e x t .  T o  d e f i n e  t h e  t y p e  o f  

t h e  c a p t u r e d  d a t a  t h e  S e a r c h  P r o g r a m  s c a n s  t h e  f i r s t  t w o  c h a r a c t e r s  

i n  t h e  a r r a y  ( S e c o n d ) . T h e  f i r s t  t w o  c h a r a c t e r s  i n  t h e  s e c o n d  p a r t  

o f  t h e  d a t a ,  a l w a y s  d e f i n e s  t h e  t y p e  o f  g r a p h i c a l  i n f o r m a t i o n .

T h e n  t h e  S e a r c h  P r o g r a m  w i l l  s a v e  t h e s e  t w o  c h a r a c t e r s  i n  c h a r a c t e r  

a r r a y  ( C o m p ) . A f t e r  t h a t ,  t h e  S e a r c h  P r o g r a m  b e g i n s  t o  e x t r a c t  t h e  

m a i n  i n f o r m a t i o n  a b o u t  t h e  c a p t u r e d  d a t a  ( d i m e n s i o n s ,  c o o r d i n a t e s ,  

t e x t ,  a n g l e s ) . T h e n  s a v e s  t h e m  i n  t w o  a r r a y s  o f  c h a r a c t e r  ( ( C )  

c o n t a i n s  t h e  e x t r a c t e d  i n f o r m a t i o n  f r o m  t h e  f i r s t  p a r t  o f  g r a p h i c a l  

d a t a ,  (D )  c o n t a i n s  t h e  e x t r a c t e d  i n f o r m a t i o n  f r o m  t h e  s e c o n d  p a r t  

o f  g r a p h i c a l  d a t a ) .

B y  u s i n g  s t r c m p O  f u n c t i o n  i n  TURBO. C .  t h e  S e a r c h  P r o g r a m  w i l l  

c o m p a r e  b e t w e e n  t h e  c o n t e n t  o f  (C om p )  a n d  a  p o i n t e r  t o  o p t i o n s ,  

( c o n t a i n s  t h e  f i r s t  t w o  c h a r a c t e r s  t o  e v e r y  e x p e c t e d  g r a p h i c a l  

e n t i t i e s ,  P A , L B , C l , A A ) .

I f  t h e  c o n t e n t  o f  (C om p )  a r r a y  w a s  “ PA" t h i s  w i l l  i n d i c a t e  t o  a  

l i n e  c o m m a n d  i n  t h e  H P - f o r m a t e d  p l o t  f i l e .  I n  t h i s  c a s e ,  t h e  S e a r c h  

P r o g r a m  w i l l  d o  t h e  s u i t a b l e  m a n i p u l a t i o n  a n d  m o d i f i c a t i o n  t o  t h e  

f o r m a t  o f  t h e  c a p t u r e d  d a t a  t o  p u t  i t  i n  t h e  s u i t a b l e  f o r m a t  f o r  

t h e  l i n e ( )  f u n c t i o n  i n  TURBO. C .  ( t h e  n e w  f o r m a t e d  d a t a :  L I N

x l , y l , x 2 , y 2 ; ) .  T h e n  t h e  S e a r c h  P r o g r a m  w i l l  s a v e  t h e  n e w  f o r m a t e d  

d a t a  i n  t h e  d a t a  f i l e .

I f  t h e  c o n t e n t  o f  (C om p) a r r a y  w a s  " L B " ,  t h i s  w i l l  i n d i c a t e  t o  a  

t e x t  c o m m a n d  i n  t h e  H P - f o r m a t t e d  p l o t  f i l e .  A l s o  i n  t h i s  c a s e ,  t h e  

s u i t a b l e  m a n i p u l a t i o n  a n d  m o d i f i c a t i o n  w i l l  t a k e  p a r t  t o  p u t  t h e  

c a p t u r e d  d a t a  i n  t h e  s u i t a b l e  f o r m a t  f o r  t h e  t e x t ( )  f u n c t i o n  i n  

TURBO. C .  ( t h e  n e w  f o r m a t e d  d a t a :  TEX x , y , text; ) .

T h e n  t h e  S e a r c h  P r o g r a m  w i l l  s a v e  t h e  n e w  f o r m a t e d  d a t a  i n  t h e  d a t a
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f i l e .

I f  t h e  c o n t e n t  o f  (C om p) a r r a y  i s  “C l " ,  t h i s  w i l l  s i g n a l  t o  a  

c i r c l e  c o m m a n d  i n  t h e  H P - f o r m a t t e d  p l o t  f i l e .  A l s o  t h e  s u i t a b l e  

m a n i p u l a t i o n  a n d  m o d i f i c a t i o n  w i l l  t a k e  a  p a r t  t o  p u t  t h e  c a p t u r e d  

d a t a  i n  t h e  s u i t a b l e  f o r m a t  f o r  t h e  c i r c l e ( )  f u n c t i o n  i n  TURBO. C .  

( t h e  n e w  f o r m a t t e d  d a t a :  C l  x , y , r ; ) •  T h e n  t h e  S e a r c h  P r o g r a m  w i l l  

s a v e  t h e  n e w  f o r m a t t e d  d a t a  i n  t h e  d a t a  f i l e .

I f  t h e  c o n t e n t  o f  (C om p) a r r a y  i s  “A A " , t h i s  w i l l  s i g n a l  t o  a n  a r c  

c o m m a n d  i n  t h e  H P - f o r m a t t e d  p l o t  f i l e .  I n  t h i s  c a s e ,  s o m e  d i f f i c u l t  

w o r k  h a s  c a r r i e d  o u t  t o  m o d i f y  t h e  c a p t u r e d  d a t a ,  t o  p u t  i t  i n  t h e  

s u i t a b l e  f o r m a t  f o r  t h e  a r c ( )  f u n c t i o n  i n  TURBO. C . .

T h e  a r c  c o m m a n d  i n  H P - f o r m a t t e d  p l o t  f i l e  h a s  t w o  f o r m a t s :

( 1 )  P A ( x l , y l ) ; A A ( x , y ) , + / -  s t a r t  a n g l e , t h e  a r c  i n d e x ;

( 2 )  A A ( x l , y l ) , + / -  s t a r t  a n g l e , t h e  a r c  i n d e x ; A A ( x , y ) , + / - s t a r t  

a n g l e , t h e  a r c  i n d e x .

T h e  a r c ( )  f u n c t i o n  i n  T U R B O .C .  h a s  t h e  f o r m a t :  

a r c ( x , y , s t a r t  a n g l e , e n d  a n g l e , r )

T h e  f i r s t  f o r m a t  o f  t h e  a r c  c o m m a n d ,  c o n t a i n s  t h e  s t a r t  p o i n t  o f  

t h e  a r c  p o i n t  P A ( x l , y l ) , t h e  c e n t r e  o f  t h e  c u r r e n t  a r c  p o i n t ( x , y ) ,  

t h e  d i r e c t i o n  o f  t h e  a r c ,  t h e  s t a r t  a n g l e ,  a n d  t h e  a r c  i n d e x .  T h e  

s e c o n d  f o r m a t  o f  t h e  a r c  c o m m a n d ,  c o n t a i n s  t h e  c e n t r e  o f  t h e  

p r e v i o u s  a r c ,  p o i n t  A A ( x l , y l )  ( n o  m a t t e r  w h a t  t h e  o t h e r  i n f o r m a t i o n  

i n s i d e  t h e  f i r s t  p a r t  o f  d a t a ,  i n  t h i s  c a s e ) . T h e  s e c o n d  p a r t  o f  

d a t a  c o n t a i n s  t h e  c e n t r e  o f  t h e  c u r r e n t  a r c  p o i n t ( x , y ) ,  t h e  

d i r e c t i o n  o f  t h e  a r c ,  t h e  s t a r t  a n g l e ,  a n d  t h e  a r c  i n d e x .

W h i l e  t h e  a r c ( )  f o r m a t  c o n t a i n s  t h e  c e n t r e  o f  t h e  a r c  p o i n t ( x , y ) ,  

t h e  s t a r t  a n g l e ,  t h e  e n d  a n g l e  a n d  t h e  r a d i u s  r .

T h e r e  a r e  t w o  w a y s ,  t o  c a l c u l a t e  t h e  e n d  a n g l e  o f  t h e  a r c  f r o m  t h e  

c o m p o n e n t s  o f  t h e  a r c  c o m m a n d  f o r m a t .  I f  t h e  a r c  i n d e x  w a s  e q u a l
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t h e  e n d  a n g l e  = + / -  s t a r t  a n g l e  + 1 8 0  

B u t  i f  t h e  a r c  i n d e x  w a s  e q u a l  ( 1 5 ) :

t h e  e n d  a n g l e  = + / -  s t a r t  a n g l e  + 9 0  

T o  c a l c u l a t e  t h e  r a d i u s  o f  t h e  a r c ,  f r o m  t h e  c o m p o n e n t s  o f  t h e  a r c  

c o m m a n d :

x r  = x l  -  x  

y r  = y l  -  y  

f o r  t h e  f i r s t  f o r m a t  ( o f  t h e  a r c  c o m m a n d ) :

r  = s q r t ( p o w ( x , 2 . 0 )  + p o w ( y , 2 . 0 ) )  

f o r  t h e  s e c o n d  f o r m a t  ( o f  t h e  a r c  c o m m a n d ) :

r  = ( 1 . 0 / 2 . 0 )  * ( s q r t ( p o w ( x , 2 . 0 )  + p o w ( y , 2 . 0 ) ) )

T h e  n e w  f o r m a t t e d  d a t a :  ARC x , y , s t a r t  a n g l e ,  e n d  a n g l e ,  r 

T h e n  t h e  S e a r c h  P r o g r a m  w i l l  s a v e  t h e  n e w  f o r m a t t e d  d a t a  i n  t h e  

d a t a  f i l e .  I f  t h e  c o n t e n t  o f  ( C o m p ) ,  w a s n ' t  o n e  o f  t h e  p r e v i o u s  

c h a r a c t e r s ,  t h e  S e a r c h  P r o g r a m  w i l l  p r i n t  o n  t h e  s c r e e n :

"ERROR: READING FROM PLOT F I L E " .

T h e  t h r e e  c h a r a c t e r s  i n  t h e  b e g i n n i n g  o f  e v e r y  n e w  f o r m a t e d  d a t a ,  

w a s  a d d e d  t o  s i m p l i f y  t h e  r e c o g n i t i o n  o f  t h e  d a t a  t y p e ,  i n  t h e  

s e c o n d  p a r t  o f  t h e  s o f t w a r e .

I n  t h e  e n d  o f  t h i s  s e a r c h ,  t h e  S e a r c h  P r o g r a m  w i l l  m a k e  a n  (EOF)  

t e s t .  I f  t h e  S e a r c h  P r o g r a m  e n c o u n t e r s  (EO F) i n s i d e  t h e  p l o t  f i l e  

i t  w i l l  c l o s e  t h e  p l o t  a n d  t h e  d a t a  f i l e s ,  a n d  e x i t .

I f  t h e  S e a r c h  P r o g r a m  d o e s n ' t  e n c o u n t e r  ( E O F ) ,  i t  w i l l  r e t u r n  a n d  

r e p e a t  t h e  p r e v i o u s  w o r k .  S o  i t  w i l l  s e a r c h  f o r  t h e  f i r s t  a n d  

s e c o n d  p a r t s  o f  g r a p h i c a l  i n f o r m a t i o n ,  t h e n  i t  w i l l  m a n i p u l a t e ,  

m o d i f y  t h e m ,  a n d  s a v e  t h e  n e w  f o r m a t t e d  d a t a  i n  t h e  d a t a  f i l e .

T h e  d a t a  i s  o r g a n i z e d  i n  l i n e s  i n s i d e  t h e  d a t a  f i l e ,  e a c h  l i n e  

c o n t a i n s  i n f o r m a t i o n  f o r  d r a w i n g  o n e  g r a p h i c  e n t i t y :

( 3 0 )  :
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L I N  x l , y l , x 2 , y 2 ;

TEX x , y , f c e x t ;

C IR  x , y ,  r ;

ARC x , y , s t a r t  a n g l e , e n d  a n g l e , r ;

T h e  w o r k  o f  t h e  S k e t c h  P r o g r a m  i s  t o  r e a d  t h e  n e w  f o r m a t t e d  d a t a  

f r o m  t h e  d a t a  f i l e ,  a n d  p r e p a r e  i t  s o  t h a t  i t  c a n  b e  d r a w n  o n  t h e  

s c r e e n .  T h e  S k e t c h  P r o g r a m  w i l l  d r a w  t h e  s c h e m a t i c  ( S k e t c h l )  o r  t h e  

l a y o u t  d i a g r a m  ( S k e t c h 2 ) ,  w h e n  i t  i s  c a l l e d  f r o m  i n s i d e  E X P - T e s t  

S y s t e m .  T h e  d i f f e r e n c e  b e t w e e n  S k e t c h l  a n d  S k e t c h 2  i s  t h a t ,  S k e t c h l  

r e a d s  t h e  d a t a  f i l e ,  w h i c h  c o n t a i n s  t h e  g r a p h i c a l  i n f o r m a t i o n  f o r  

d r a w i n g  t h e  s c h e m a t i c  d i a g r a m ,  w h i l e  S k e t c h 2  r e a d s  t h e  d a t a  f i l e ,  

w h i c h  c o n t a i n s  t h e  g r a p h i c a l  i n f o r m a t i o n  f o r  d r a w i n g  t h e  l a y o u t  

d i a g r a m .  F i g .  6 - 3  s h o w s  t h e  f l o w  c h a r t  o f  t h e  S k e t c h  P r o g r a m .

I n  t h e  b e g i n n i n g  t h e  S k e t c h  P r o g r a m  i n i t i a l i z e s  t h e  g r a p h i c s  s y s t e m  

a n d  p u t s  t h e  s y s t e m  i n  t h e  g r a p h i c s  m o d e .  T h e n  i t  s e l e c t s  t h e  s t y l e  

o f  t h e  l i n e ,  w h i c h  w i l l  b e  u s e d  f o r  w r i t i n g  t h e  t e x t .  A l s o  i t  w i l l  

s e t  t h e  c o l o r  o f  t h e  c u r r e n t  d r a w i n g  a n d  t h e  c u r r e n t  b a c k g r o u n d  

c o l o r .  A f t e r  t h a t  t h e  S k e t c h  P r o g r a m  w i l l  o p e n  t h e  d a t a  f i l e  a n d  

r e a d  i t .  T h e n  i t  w i l l  c h e c k  t h e  d a t a  f i l e  t o  e n s u r e  t h a t  i t  i s  n o t  

e m p t y .  T h e  S k e t c h  P r o g r a m  w i l l  p r i n t  o n  t h e  s c r e e n :

"ERROR: OPEN F I L E " ,  a n d  e x i t ,  i f  t h e  d a t a  f i l e  i s  e m p t y .

I f  t h e  d a t a  f i l e  i s n ' t  e m p t y  , t h e  S k e t c h  P r o g r a m  w i l l  g o  t o  t h e  

n e x t  s t a g e .  I n  t h e  n e x t  s t a g e  t h e  S k e t c h  P r o g r a m  w i l l  s c a n  t h e  

f i r s t  t h r e e  c h a r a c t e r s  o f  t h e  f i r s t  l i n e  i n  t h e  d a t a  f i l e ,  a n d  s a v e  

t h e m  i n  c h a r a c t e r  a r r a y  ( C o m p ) .

A l s o  b y  u s i n g  s t r c m p O  f u n c t i o n ,  i n  TURBO. C . ,  t h e  S k e t c h  P r o g r a m  

w i l l  c o m p a r e  b e t w e e n  t h e  c o n t e n t  o f  (C om p ) a n d  a  p o i n t e r  t o  

o p t i o n s ,  ( w h i c h  c o n t a i n s  t h e  d i f f e r e n t  t y p e s  o f  t h e  f i r s t  t h r e e  

c h a r a c t e r s  f o r  e v e r y  l i n e  i n  t h e  d a t a  f i l e ) .

105



/  \I S TAR T I V  , y

S K E T C H  T U E  S C H E M A ! 1 C D I A G R A M

»

f i g .  6 - 3 .  T h e  F l o w c h a r t  o f  t h e  S k e t c h  P r o g r a m
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I f  t h e  c o n t e n t  o f  (C om p) a r r a y  i s  " L I N " ,  t h i s  w i l l  i n d i c a t e  t h a t  

t h e  d a t a  f i l e ,  c o n t a i n s  d a t a  f o r  d r a w i n g  a  l i n e .  T h e  S k e t c h  P r o g r a m  

w i l l  s c a n  t h e  r e s t  o f  t h e  c u r r e n t  d a t a  l i n e  p u t  t h e  g r a p h i c s  

i n f o r m a t i o n  i n  a r r a y  o f  c h a r a c t e r  ( T e m p ) . T h e n  t h e  S k e t c h  P r o g r a m  

s c a n s  ( T e m p ) ,  s e p a r a t e s  i t s  c o n t e n t  t o :  x l , y l , x 2 , y 2 .  B y  u s i n g

c o n v e r t ( )  f u n c t i o n ,  w h i c h  c o n v e r t s  t h e  c o o r d i n a t e s  f r o m  t h e  p l o t t e r  

s c a l e  t o  t h e  s c r e e n  s c a l e ,  a n d  u s i n g  l i n e ( )  f u n c t i o n ,  t h e  S k e t c h  

P r o g r a m  w i l l  d r a w  a  l i n e  o n  t h e  s c r e e n .

I f  t h e  c o n t e n t  o f  (Com p) a r r a y  i s  ( T E X ) , (C I R )  OR ( A R C ) , t h e  s a m e  

p r o c e d u r e  w i l l  t a k e  p l a c e .  B u t  o u t t e x t x y O  f u n c t i o n ,  w i l l  b e  u s e d  

f o r  w r i t i n g  t h e  s p e c i f i e d  t e x t ,  c i r c l e ( ) ,  w i l l  b e  u s e d  f o r  d r a w i n g  

a  c i r c l e ,  a n d  a r c ( )  f u n c t i o n ,  w i l l  b e  u s e d  f o r  d r a w i n g  a n  a r c .

T h e n  t h e  S k e t c h  P r o g r a m  w i l l  m a k e  t h e  e n d  o f  f i l e  t e s t ,  t o  e n s u r e  

t h a t  t h e  f i l e  h a s n ' t  r e a c h e d  t h e  e n d .

I f  t h e  S k e t c h  P r o g r a m  p a s s  t h i s  t e s t ,  i t  w i l l  r e t u r n  b a c k  t o  s c a n  

a n o t h e r  l i n e  o f  d a t a  i n s i d e  t h e  d a t a  f i l e .  B u t  i f  i t  d i d n ' t  p a s s  

t h e  e n d  o f  f i l e  t e s t ,  t h e  S k e t c h  P r o g r a m  w i l l  c l o s e  t h e  d a t a  f i l e .  

A t  t h i s  s t a g e ,  a  c o m p l e t e  s c h e m a t i c  w i l l  a p p e a r  o n  t h e  s c r e e n .  S o  

t h e  S k e t c h  P r o g r a m  w i l l  d r a w  a  b l i n k i n g  r e c t a n g l e  a r o u n d  t h e  t e s t  

p o i n t ,  t o  d r a w  t h e  a t t e n t i o n  o f  t h e  u s e r  t o  t h e  w a n t e d  p l a c e .

T h i s  b l i n k i n g  r e c t a n g l e  w i l l  c o n t i n u e  f o r  2 0  s e c o n d s ,  t h e n  t h e  

S k e t c h  P r o g r a m  w i l l  c l e a r  t h e  s c r e e n ,  a n d  w i l l  z o o m  o n t o  t h e  a r e a  

i n s i d e  t h e  r e c t a n g u l a r .  A l s o  t h e  t e s t  p o i n t  w i l l  b e  s h o w n  b l i n k i n g  

o n  t h e  s c r e e n  t o  n o t i f y  t h e  u s e r  o f  t h e  c o r r e c t  p o s i t i o n  o f  t h e  

t e s t  p o i n t .

A f t e r  a  w h i l e ,  i n  a d d i t i o n  t o  t h e  s c h e m a t i c  d i a g r a m ,  a  “ P R E SS ANY 

KEY TO CONTINUE" s e n t e n c e  w i l l  a p p e a r  o n  t h e  s c r e e n ,  t o  f o r c e  T h e  

S k e t c h  P r o g r a m  t o  w a i t  u n t i l  t h e  u s e r  p r e s s e s  a n y  k e y  o n  t h e  

k e y b o a r d .
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I f  t h e  u s e r  h a s  p r e s s e d  a n y  k e y ,  t h e  S k e t c h  P r o g r a m  w i l l  s h u t  d o w n  

t h e  g r a p h i c s  m o d e  a n d  e x i t .

T h e  c o n v e r t  f u n c t i o n  c o n s i s t s  o f  t w o  f u n c t i o n s .  T h e  f i r s t  o n e  i s  

x _ c o n v ( )  f u n c t i o n ,  w h i c h  c o n v e r t  ( x )  v a l u e s  f r o m  t h e  p l o t t e r  s c a l e  

t o  t h e  s c r e e n  s c a l e .  T h e  s e c o n d  f u n c t i o n  i s  y ^ c o n v ( )  f u n c t i o n ,  

w h i c h  c o n v e r t  ( y )  v a l u e s  f r o m  t h e  p l o t t e r  s c a l e  t o  t h e  s c r e e n  

s c a l e .  I n  t h e  b e g i n n i n g  w h e n  t h e  p l o t  f i l e  i s  c r e a t e d ,  t h e  s i z e  o f  

t h e  p a p e r ,  w h i c h  t h e  p l o t t e r  w i l l  p l o t  t h e  s c h e m a t i c  o n ,  i s  d e f i n e d  

t o  ( A 4 ) .  T h e  l o c a t i o n  o f  t h e  c o o r d i n a t e  o r i g i n  ( 0 , 0  p l o t t e r  u n i t s )  

a n d  t h e  o r i e n t a t i o n  o f  t h e  X - a n d  Y -  a x i s  i s  s h o w n  i n  f i g .  6 - 4 .

ty f  P2<110W,7?2I)
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T h e  x _ c o n v ( )  f u n c t i o n ,  m u l t i p l y  t h e  ( x )  v a l u e ,  w h i c h  o r i g i n a l l y  

c o m e  f r o m  t h e  H P - f o r m a t t e d  p l o t  f i l e  ( t h e  c o o r d i n a t e s  s h o w n  i n  f i g .  

6 - 4 ) ,  b y  x _ c o n v e r s i o n  r a t e :

x _ c o n v e r s i o n  r a t e  = 3 2 0  /  1 1 0 0 0  =  0 . 0 2 9  

( x )  v a l u e  ( i n  s c r e e n  s c a l e )  = x _ c o n v e r s i o n  r a t e  * ( x )  v a l u e  ( i n

p l o t t e r  s c a l e )

T h e n  x _ c o n v ( )  f u n c t i o n ,  r e t u r n s  t h e  ( x )  v a l u e  i n  t h e  s c r e e n  s c a l e .  

B e c a u s e  t h e  o r i e n t a t i o n  o f  Y - a x i s  i n  t h e  p l o t t e r  s c a l e  i s  o p p o s i t e

t h a t  o f  t h e  o r i e n t a t i o n  o f  Y - a x i s  i n  t h e  s c r e e n  s c a l e .

T h e  y _ c o n v ( )  f u n c t i o n ,  s u b t r a c t s  t h e  ( y )  v a l u e ,  w h i c h  o r i g i n a l l y  

c o m e  f r o m  t h e  H P - f o r m a t t e d  p l o t  f i l e ,  f r o m  t h e  m a x im u m  v a l u e  t o  ( y )  

i n  t h e  p l o t t e r  s c a l e  ( 7 7 2 1 ) .  T h e n  m u l t i p l y  t h e  r e s u l t  b y  

y _ c o n v e r s i o n  r a t e :

y _ c o n v e r s i o n  r a t e  = 2 0 0  /  7 7 2 1  = 0 . 0 2 6  

( y )  v a l u e  ( i n  s c r e e n  s c a l e )  = y _ c o n v e r s i o n  r a t e  * ( 7 7 2 1  -  ( y )  v a l u e  

( i n  p l o t t e r  s c a l e )

T h e n  y _ c o n v ( )  f u n c t i o n ,  r e t u r n s  t h e  ( y )  v a l u e  i n  t h e  s c r e e n  s c a l e .

6.4. Integrating OrC&D/SDT III System with EXP-Test System

Now t h e  S k e t c h  p r o g r a m  ( S k e t c h l  a n d  S k e t c h 2 )  i s  r e a d y  f o r  

d r a w i n g  t h e  s c h e m a t i c  o r  t h e  l a y o u t  d i a g r a m .  T o  d o  t h a t  i n  

c o n j u n c t i o n  w i t h  E X P - T e s t  S y s t e m ,  t h e  CALL c l a u s e ,  f r o m  i n s i d e

V P - E x p e r t ,  s h o u l d  b e  u s e d .  T h e  CALL c l a u s e ,  s h o u l d  b e  a d d e d  t o  t h e

I F -T H E N  r u l e s ,  i n  t h e  s u i t a b l e  p l a c e  t o  i n c r e a s e  t h e  c o m p e t e n c e  o f  

E X P - T e s t  S y s t e m .  A s  s h o w n  i n  t h e  f o l l o w i n g  e x a m p l e :
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RULE POWER_SUPPLY  

I F  CHECK_TRANSFORMER = YES

THEN CALL \T C 2 \S K E T C H 1  

CALL \T C 2 \S K E T C H 2  

CALL \ T C 2 \ E X P _ T 1  

LOADFACTS F I L E 9 

F IN D  TH E_TEST  

THE_PROBLEM = FOUND;

I n  r e s p o n s e  t o  t h e  p r e v i o u s  r u l e ,  E X P - T e s t  S y s t e m  w i l l  d i s p l a y :

TO CHECK THE TRANSFORMER: 

DISCONNECT THE TRANSFORMER'S OUTPUT FROM (J9). 

THEN PUT THE OSCILLOSCOPE'S PROBE AT POINT (1).

TO LOCATE POINT (1) AND CONTINUE THE TEST, CHOOSE YES, AND 

PRESS <ENTER>. OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

w h e n  POWER_SUPPLY r u l e  i s  f i r e d  ( b y  c h o o s i n g  Y E S ) , t h e  i n f e r e n c e  

e n g i n e  w i l l  c a l l  f i r s t  o f  a l l  t h e  SKETCH1 f i l e ,  w h i c h  d r a w s  t h e  

s c h e m a t i c  d i a g r a m  o f  t h e  c i r c u i t ,  t h e n  t h e  i n f e r e n c e  e n g i n e  c a l l s  

t h e  SKETCH2 f i l e ,  w h i c h  d r a w s  t h e  l a y o u t  d i a g r a m  o f  t h e  c i r c u i t .  

T h e  u s e r  s h o u l d  p u t  t h e  p r o b e  a t  p o i n t  ( 1 ) ,  t h e n  h e  s h o u l d  p r e s s  

a n y  k e y  o n  t h e  k e y b o a r d  t o  c o n t i n u e  t e s t i n g  t h e  b r o k e n _ d o w n  

m a c h i n e .
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CHAPTER 7
IMPLEMENTATION

7.1. Introduction

E X P - T e s t  S y s t e m  w a s  d e v e l o p e d  a s  a  s y s t e m  f o r  e l e c t r o n i c  f a u l t  

d i a g n o s i s .  I t  h a s  a n  a d v a n t a g e  t h r o u g h  t h e  i n c l u s i o n  o f  b o t h  t y p e s  

o f  k n o w l e d g e ,  s h a l l o w  a n d  d e e p  k n o w l e d g e ,  ( T h e  s h a l l o w  k n o w l e d g e  i s  

t h e  k n o w l e d g e  a b o u t  f a u l t  d i a g n o s i s  a n d  t h e  d e e p  k n o w l e d g e  i s  t h e  

k n o w l e d g e  a b o u t  e l e c t r o n i c  c i r c u i t r y ) .

T h e  s h a l l o w  k n o w l e d g e  i n  E X P - T e s t  S y s t e m  w a s  r e p r e s e n t e d  i n  a  

n u m b e r  o f  t h e  I F -T H E N  r u l e s . T h e s e  I F -T H E N  r u l e s  g i v e  t h e  s y s t e m  a n  

e a s y  w a y  o f  r e p r e s e n t i n g  t h e  d o m a i n  k n o w l e d g e  o f  t h e  e x p e r t  i n  t h e  

m a i n t e n a n c e ,  a l s o  i t  g i v e s  t h e  s y s t e m  a  h i g h  s p e e d  e x e c u t i o n  w i t h  

t h e  a b i l i t y  t o  e x t e n d  t h e  s y s t e m  e a s i l y ,  b y  a d d i n g  s o m e  r u l e s .

T h e  d e e p  k n o w l e d g e  i s  i n c l u d e d  i n  t h e  u n i o n  o f  t h e  G r a p h i c s  

f a c i l i t y ,  a n d  t h e  i n t e l l i g e n c e  o f  t h e  t e c h n i c i a n .

D i a g n o s i s  i s  i n t r i n s i c a l l y  a  g o a l  d i r e c t e d  r e a s o n i n g  p r o c e s s ;  a  

g o a l  b e i n g  t o  p r o v e  t h a t  a  p a r t i c u l a r  m o d u l e  o r  c o m p o n e n t  i n  a  

c i r c u i t  i s  f a u l t y  [ 6 3 ] .

T h e  p r o c e d u r e  f o r  t e s t i n g  t h e  p l o t t e r ' s  c i r c u i t r y ,  i n  E X P - T e s t  

S y s t e m ,  w a s  d e f i n e d  i n  c o o p e r a t i o n  w i t h  t h e  m a i n t e n a n c e  e x p e r t  i n  

t h e  s c h o o l  o f  e l e c t r o n i c  e n g i n e e r i n g  a t  D u b l i n  C i t y  U n i v e r s i t y .

A s  m e n t i o n e d ,  d i f f e r e n t  e x p e r t s  u s e  d i f f e r e n t  s t r a t e g i e s  f o r  

s o l v i n g  e l e c t r o n i c  f a u l t s .

I n  NODAL, t h e  e x p e r t  s y s t e m  w h i c h  w a s  d e v e l o p e d  i n  T r i n i t y  C o l l e g e  

D u b l i n  f o r  t e s t i n g  t h e  s w i t c h i n g  m o d e  p o w e r  s u p p l y ,  d i f f e r e n t  

s t r a t e g i e s  w e r e  u s e d  f o r  e l e c t r o n i c  f a u l t  d i a g n o s i s .
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" T h e  m o d e l  w i t h i n  NODAL i s  h i e r a r c h i c a l  c o n t a i n i n g  a t  l e a s t  t w o  

l e v e l s ;  a  m o d u l e  l e v e l  a n d  a  c o m p o n e n t  l e v e l .  I f  t h e  m o d u l e s  a r e  

l a r g e  o r  c o m p l e x  t h e n  t h e y  m a y  b e  s u b d i v i d e d  i n t o  s u b - m o d u l e s  i n  

t h e  m o d e l ” [ 6 3 ] .

" A t  a  m o d u l e  l e v e l  t h e  f u n d a m e n t a l  p r i n c i p l e  i s  t h a t  i f  a  m o d u l e  

h a s  g o o d  s i g n a l s  a t  i t s  i n p u t  a n d  a  b a d  s i g n a l  a t  o n e  o f  i t s  

o u t p u t s  t h e n  i t  i s  f a u l t y "  [ 3 5 ] .

T h e  s t r a t e g y ,  w h i c h  E X P - T e s t  S y s t e m  u s e s  t o  t r a c e  e l e c t r o n i c  

f a u l t s ,  d e p e n d s  o n  r e g r e s s i n g  a l o n g  a  f a u l t y  l i n e .  T h i s  i s  v e r y  

s i m i l a r  t o  t h a t  w h i c h  t h e  t e c h n i c i a n  d o e s  i n  t h e  d i a g n o s i s  o f  

e l e c t r o n i c  f a u l t s .  S o  f o r  e x a m p l e  a  ' b a d '  s i g n a l  i s  f o u n d  a t  t h e  

( 5 V )  o u t p u t  o f  t h e  p o w e r  s u p p l y ,  t h e  E X P - T e s t  S y s t e m  w i l l  t r a c e  a l l  

t h e  s i g n a l s  o n  t h a t  l i n e ,  w i t h  t h e  i n t e n t i o n  o f  d e f i n i n g  t h e  

d a m a g e d  c o m p o n e n t s .

7.2. U.U.T. description

A s  m e n t i o n e d ,  E X P - T e s t  S y s t e m  w a s  d e v e l o p e d  f o r  e l e c t r o n i c  

f a u l t  d i a g n o s i s  i n  CNC m a c h i n e s .  B e c a u s e  o f  t h e  u n a v a i l a b i l i t y  o f  a  

CNC m a c h i n e  i n  t h e  e l e c t r o n i c  s c h o o l ,  t h e  HP 7 4 7 5 A  G r a p h i c s  p l o t t e r  

h a s  b e e n  u s e d  a s  U . U . T .  ( u n i t  u n d e r  t e s t ) . T h e  HP 7 4 7 5 A  G r a p h i c s  

p l o t t e r  h a s  t h e  s a m e  p r i n c i p l e  o f  t h e  CNC m a c h i n e s .

F i g .  7 - 1 ,  s h o w s  t h e  b l o c k  d i a g r a m  o f  HP 7 4 7 5 A  G r a p h i c s  p l o t t e r .

T h e  HP 7 4 7 5 A  G r a p h i c s  p l o t t e r  u s e s  m i c r o p r o c e s s o r - b a s e d  l o g i c  t o  

c o n v e r t  d i g i t a l  i n s t r u c t i o n s  i n t o  a  g r a p h i c  p l o t .  T h e

m i c r o p r o c e s s o r  r e c e i v e s  i n s t r u c t i o n s  f r o m  e i t h e r  a n  i n t e r n a l  ROM

( r e a d  o n l y  m e m o r y )  p r o g r a m  o r  a n  e x t e r n a l  c o n t r o l l e r  t h r o u g h  t h e  

I / O  ( i n p u t / o u t p u t )  c i r c u i t s .  I t  t h e n  i s s u e s  d a t a  t o  t h e  p e n  d r i v e

a n d  p a p e r  d r i v e  m o t o r  s e r v o  s y s t e m s  a n d  t h e  p e n  d o w n  c i r c u i t  t o

p r o d u c e  t h e  p l o t .
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f i g .  7 - 1  

7 4 7  5A S i m p l i f i e d  B l o c k  D i a g r a m

T h e  t w o  d r i v e  m o t o r s  a r e  r e v e r s i b l e  d c  m o t o r s .  E n c o d e r s  o n  e a c h  

m o t o r  t r a n s m i t  r o t a t i o n  d a t a  b a c k  t o  t h e i r  r e s p e c t i v e  s e r v o  I C . O n e  

m o t o r  d r i v e s  g r i t  w h e e l s  w h i c h  m o v e s  t h e  p l o t t i n g  m e d i u m ,  w h i l e  t h e  

o t h e r  m o t o r  m o v e s  t h e  p e n  a c r o s s  t h e  p l o t t i n g  s u r f a c e .

T h e  m o s t  o f  t h e  p l o t t e r ' s  f a u l t s ,  u s u a l l y  h a p p e n  i n  t h e  p o w e r  

s u p p l y ,  m o t o r s  a n d  i n  t h e  m o t o r  s e r v o  s y s t e m s .  B e c a u s e  o f  t h a t ,  

E X P - T e s t  S y s t e m  a t t e m p t e d ,  i n  i t s  e l e c t r o n i c  f a u l t  d i a g n o s i s ,  t o  

c o p e  w i t h  a l l  t h e s e  f a u l t s ,  a n d  d e f i n e  t h e  d a m a g e d  c o m p o n e n t s  

i n s i d e  t h e s e  u n i t s .

T w o i d e n t i c a l  s e r v o  s y s t e m s  a r e  u s e d  t o  d r i v e  t h e  m o t o r s .

F i g .  7 - 2 ,  s h o w s  t h e  b l o c k  d i a g r a m  o f  a  m o t o r  s e r v o  s y s t e m .
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M o t o r  S e r v o  S y s t e m  B l o c k  D i a g r a m

D i g i t a l  m o v e  c o m m a n d s  a r e  g e n e r a t e d  a n d  s e n t  b y  t h e  m i c r o p r o c e s s o r  

t h r o u g h  t h e  g a t e  a r r a y s  t o  t h e  s e r v o  c h i p s .  T h e  s e r v o  c h i p s  p r o v i d e  

t h e  i n t e r f a c e  t o  t h e  m i c r o p r o c e s s o r ,  d e c o d e s  t h e  e n c o d e r  s i g n a l s ,  

s u m s  p o s i t i o n  e r r o r s ,  e s t i m a t e s  v e l o c i t y  a n d  s u m s  i t ,  a n d  

t r a n s f o r m s  t h e  s e r v o  e r r o r  t o  a  p u l s e - w i d t h - m o d u l a t e d  o u t p u t .  T h e  

s e r v o  c h i p s  o u t p u t  t h e  p u l s e _ w i d t h _ m o d u l a t e d  s i g n a l  b a c k  t o  t h e  

g a t e  a r r a y  w h e r e  t h e  m o t o r  d r i v e  p u l s e s  a r e  s t r e t c h e d  t o  t h e  p r o p e r  

w i d t h  i n  t h e  d i g i t a l  g a i n  c i r c u i t .  T h e  s e r v o  c o n d i t i o n i n g  c i r c u i t ,  

a l s o  i n  t h e  g a t e  a r r a y ,  t h e n  p a s s e s  t h e  p u l s e s  o n  t o  t h e  m o t o r  

d r i v e r s  t h r o u g h  e i t h e r  t h e  XA o r  XC l i n e ,  d e p e n d i n g  o n  t h e  

d i r e c t i o n  o f  r o t a t i o n  i n d i c a t e d  b y  t h e  s i g n  v o l t a g e  f r o m  t h e  s e r v o  

c h i p .  A s  t h e  m e c h a n i c a l  s y s t e m  m o v e s ,  o p t i c a l  e n c o d e r s  m o u n t e d  o n  

t h e  s h a f t  o f  e a c h  m o t o r  s e n d  b a c k  d i g i t a l  p u l s e s  t o  t h e  s e r v o  c h i p  

t o  c l o s e  t h e  s e r v o  l o o p .

T o  m a i n t a i n  a  c o n s i s t e n t  a n d  p r e d i c t a b l e  m o v e m e n t ,  i t  i s  e s s e n t i a l  

t o  c o n t r o l  t h e  a m o u n t  o f  p o w e r  a p p l i e d  t o  t h e  m o t o r  b y  e a c h  p u l s e .
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The pulse amplitude depends on the actual voltage output of the 

motor drive power supply. The pulse width is modified to compensate 

for pulse amplitude so that the pulse represents the proper amount 

of power.

Five major voltages are generated by the 7475A circuitry. Low 

current linear supplies provide the +12V and -5V required for the 

servo IC's. The +5V supply provides the power for the remaining 

logic circuitry. Regulation for the +5V linear supply is provided. 

The unregulated 18/26V supplied to the main drive motors and the 

pen carousel drive motor. The fifth supply is the -12V source used 

in conjunction with the +12V supply to operate the I/O 

(input/output) line drivers.

Fig. 7-3 shows the 7475A Graphics plotter's power supply.
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£ i g .  i 3 .  T h e  7 4 7 5 A  G r a p h i c s  P l o t t e r ' s  P o w e r  S u p p l y
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7.3. Approach Adopted

T h e  d e v e l o p m e n t  o f  t h e  E X P - T e s t  S y s t e m  p r o c e e d e d  i n  t w o  s t a g e s . 

T h e  F i r s t  s t a g e  w a s  t o  s t u d y  t h e  d o m a i n ,  w h i c h  w a s  t h e  d e s i g n  o f  

t h e  7 4 7 5 A  G r a p h i c s  p l o t t e r ,  i t s  c o n s t r u c t i o n  a n d  t h e  p r o b l e m s  w h i c h  

m i g h t  b e  e n c o u n t e r e d  d u r i n g  i t ' s  u s e .  A d e e p  s t u d y  t o  t h e  7 4 7 5 A 

G r a p h i c s  p l o t t e r ' s  c i r c u i t r y  w a s  d o n e .

T h e  c o n t a c t  w i t h  t h e  m a n u f a c t u r e r ' s  s e r v i c e  b o a r d ,  c o n c l u d e d  b y  a  

l i s t  o f  s o m e  p r e v i o u s  f a u l t s ,  w h i c h  h a p p e n e d  d u r i n g  t h e  h i s t o r y  o f  

t h e  p l o t t e r .

T h e  s e c o n d  p h a s e  o f  t h e  p r o j e c t ,  w h i c h  r e q u i r e d  m u c h  m o r e  o r i g i n a l  

t h o u g h t  a n d  w o r k ,  w a s  t o  d e s i g n  a n d  b u i l t  t h e  s u p p o r t i n g  p r o g r a m s  

( i n  T U R B O .C . )  a n d  t h e  f i n a l  e x p e r t  s y s t e m  w i t h  V P - E x p e r t .  T h e  

d e s i g n  s t r u c t u r e  i m p o s e d  b y  V P - E x p e r t  m e a n t  t h a t ,  i n  g e n e r a l ,  t h e  

s y s t e m  w o u l d  h a v e  k n o w l e d g e  a b o u t  w h a t  s h o u l d  b e  h a p p e n i n g  i f  t h e  

p l o t t e r  w e r e  i n  p e r f e c t  w o r k i n g  o r d e r .  S o  t h e  s y s t e m  l o o k s  f o r  w h a t  

s h o u l d  b e  t h e r e  a n d  w h e n  t h e r e  i s  a  d i s c r e p a n c y  b e t w e e n  t h e  

e x p e c t e d  b e h a v i o u r  a n d  t h e  a c t u a l  b e h a v i o u r  o f  t h e  p l o t t e r ,  i t  

t r i e s  t o  l o c a l i z e  t h e  s o u r c e  o f  t h i s  d i s c r e p a n c y .  W h en  t h e  s y s t e m  

h a s  d o n e  t h i s  i t  t h e n  p r o p o s e s  a  h y p o t h e s i s  a b o u t  t h e  c a u s e  o f  t h e  

f a u l t  b a s e d  o n  t h e  l o c a t i o n  o f  t h e  d i s c r e p a n c y .

T h e r e f o r e  t h e  f a u l t  i s  d i a g n o s e d  n o t  b y  w h a t  i s  h a p p e n i n g ,  b u t  b y  

w h a t  i s  n o t  h a p p e n i n g  i n  t h e  p l o t t e r ' s  c i r c u i t r y .

7.4. Design and Development

7.4.1. Introduction

O n c e  V P - E x p e r t  s y s t e m  w a s  a d o p t e d  a s  t h e  s h e l l  f o r  E X P - T e s t  

S y s t e m ,  t h e  a p p e a r a n c e  o f  t h e  s y s t e m  t o  t h e  u s e r  a n d  t h e  s t y l e  o f  

c o n s u l t a t i o n  h a d  a l s o  b e e n  d e c i d e d  a s  V P - E x p e r t  s y s t e m  d i c t a t e s
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t h i s  t o  t h e  b u i l d e r  o f  t h e  e x p e r t  s y s t e m .  T h i s  i s  d u e  t o  t h e  r i g i d  

q u e s t i o n  a n d  a n s w e r  f r a m e w o r k  w h i c h  V P - E x p e r t  s y s t e m  p r o v i d e s  a s  

i t s  o n l y  m e a n s  o f  c o m m u n i c a t i o n  w i t h  t h e  u s e r .

V P - E x p e r t  s y s t e m  w a s  s e l e c t e d  a s  t h e  d e v e l o p m e n t  e n v i r o n m e n t  f o r  

E X P - T e s t  S y s t e m ,  b e c a u s e  i t  w a s  t h e  o n l y  e x p e r t  s y s t e m  s h e l l  

a v a i l a b l e  i n  t h e  e l e c t r o n i c  s c h o o l  a t  t h e  t i m e  o f  i m p l e m e n t a t i o n .  

V P - E x p e r t  s y s t e m  h a s  s p e c i a l  f e a t u r e s  i n c l u d i n g :

( 1 )  An " i n f e r e n c e  e n g i n e "  t h a t  u s e s  b a c k w a r d  a n d  f o r w a r d  

c h a i n i n g  f o r  p r o b l e m  s o l v i n g .

( 2 )  O p t i o n a l  d e v e l o p m e n t  w i n d o w s  t h a t  l e t  t h e  u s e r  o b s e r v e  t h e  

b e h i n d - t h e - s c e n e s  p a t h  o f  t h e  i n f e r e n c e  e n g i n e  a s  i t  

n a v i g a t e s  t h e  k n o w l e d g e  b a s e  t o  s o l v e  p r o b l e m s  d u r i n g  a  

c o n s u l t a t i o n .

( 3 )  C o n f i d e n c e  f a c t o r s  t h a t  l e t  t h e  u s e r  a c c o u n t  f o r  u n c e r t a i n  

i n f o r m a t i o n  i n  a  k n o w l e d g e  b a s e .

( 4 )  S i m p l e  E n g l i s h  r u l e  c o n s t r u c t i o n .

( 5 )  T h e  a b i l i t y  t o  e x p l a i n  i t s  a c t i o n s  d u r i n g  a  c o n s u l t a t i o n .

( 6 )  K n o w l e d g e  b a s e  " c h a i n i n g " ,  w h i c h  l e t s  t h e  u s e r  c r e a t e  

k n o w l e d g e  b a s e s  t h a t  w o u l d  o t h e r w i s e  b e  t o o  l a r g e  t o  f i t  i n  

m e m o r y .

( 7 )  A b u i l t  i n  t e x t  E d i t o r .

( 8 )  A u t o m a t i c  q u e s t i o n  g e n e r a t i o n .

( 9 )  T h e  a b i l i t y  t o  r e c o r d  a n d  g r a p h i c a l l y  d i s p l a y  t h e  

r u l e - b y - r u l e  s e a r c h  p a t t e r n  u s e d  b e h i n d  t h e  s c e n e s  d u r i n g  a  

c o n s u l t â t  i o n .

( 1 0 )  R a p i d  e x e c u t i o n  o f  t h e  k n o w l e d g e  b a s e .

( 1 1 )  T h e  a b i l i t y  t o  e x e c u t e  e x t e r n a l  DOS p r o g r a m s .

( 1 2 )  F l o a t i n g  p o i n t  m a t h  f u n c t i o n s .  [ 6 6 ]

O n e  o f  t h e  m a i n  p r o b l e m s  a t  t h e  o u t s e t  o f  d e s i g n  a n d  d e v e l o p m e n t
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w a s  t h e  c o m p l e t e  l a c k  o f  a n y  e x a m p l e s ,  o r  p r e v i o u s l y  i m p l e m e n t e d  

s y s t e m s  e i t h e r  i n  EMYCIN o r  i n  a n y  s i m i l a r  e x p e r t  s y s t e m  s h e l l .  

A l t h o u g h  t h e r e  i s  a  l a r g e  a m o u n t  o f  i n f o r m a t i o n  i n  p a p e r s  a n d  b o o k s  

a b o u t  e x p e r t  s y s t e m s ,  t h e r e  i s  v e r y  l i t t l e  i n f o r m a t i o n  a v a i l a b l e  

a n y w h e r e  o n  a c t u a l  d e s i g n  a n d  i m p l e m e n t a t i o n  o f  w o r k i n g  s y s t e m s  

[ 6 4 ]  .

7.4.2. Structure

T h e  g o a l  o f  E X P - T e s t  S y s t e m  t h r o u g h o u t  a r e  t o  d e t e c t  ' f a u l t s '

a n d  f i n d  ' s o l u t i o n s ' .  T o  a p p r o a c h  t h e s e  g o a l s  a n d  b u i l d  t h e

a u t o m a t i c  t e s t  s y s t e m ,  s u p p o r t i n g  s o f t w a r e  h a s  b e e n  d e v e l o p e d  i n  

T U R B O .C . w i t h  E X P - T e s t  S y s t e m .

T h i s  s o f t w a r e  r e d u c e s  t h e  d e p e n d e n c y  o n  t h e  u s e r  o f  E X P - T e s t  S y s t e m  

i n  d e f i n i n g  t h e  q u a l i t y  o f  t h e  s i g n a l s .

I n  NODAL i t  i s  v e r y  i m p o r t a n t  t h a t  t h e  u s e r  g i v e  h e l p  t o  t h e

s y s t e m ,  i n  d e f i n i n g  t h e  f a u l t .  NODAL u s u a l l y  a s k s  t h e  u s e r  a b o u t

t h e  n a t u r e  o f  t h e  s i g n a l s  a t  v a r i o u s  p o i n t s  i n  t h e  p o w e r  s u p p l y

c i r c u i t .

" I n  o r d e r  t o  p r o v e  t h i s  t h e  c l a u s e s  i n  t h e  r u l e  p r e m i s e  h a v e  t o  b e  

p r o v e d  t r u e .  T h e  i n f o r m a t i o n  t h a t  t h e  m o d u l e  i s  o f  t y p e  o n e - o n e  i s  

a v a i l a b l e  i n  t h e  m o d u l e  f r a m e .  T h e  u s e r  w i l l  h a v e  t o  b e  a s k e d  f o r  

t h e  o t h e r  i n f o r m a t i o n .  T h e  o u t p u t  i s  f o u n d  t o  b e  c o n n e c t e d  t o

N o d e - 1 2  s o  t h e  u s e r  i s  a s k e d  f o r  t h e  q u a l i t y  o f  t h e  s i g n a l  a t

N o d e - 1 2  a n d  a t  A t o  w h i c h  t h e  i n p u t  i s  c o n n e c t e d .  I f  t h e  s i g n a l  o n

t h e  o u t p u t  i s  b a d  a n d  t h e  s i g n a l  o n  t h e  i n p u t  i s  g o o d  t h e n  t h e

m o d u l e  i s  c o n c l u d e d  t o  b e  f a u l t y .

S e t u p  f o r  T e s t  V e c t o r  1 

W h a t  i s  t h e  SIG N A L  o f  A? G o o d

W h a t  i s  t h e  SIG NA L o f  B? G o o d
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E X P - T e s t  S y s t e m  u s u a l l y ,  a s k s  t h e  u s e r  t o  m o v e  t h e  p r o b e  f r o m  o n e  

t e s t  p o i n t  t o  a n o t h e r ,  a n d  i t  w i l l  a s k  h i m  f o r  s o m e  e x t r a  

i n f o r m a t i o n  a b o u t  t h e  q u a l i t y  o f  t h e  s i g n a l s  i n  a  f e w  p l a c e s .

F i g .  7 - 4  s h o w s  t h e  c o m p l e t e  s o f t w a r e ,  w h i c h  w a s  d e v e l o p e d  t o  

a c h i e v e  t h e  p r o j e c t ' s  g o a l s .

What is the SIGNAL of MODE-12? Good"

[ S 3 ]

D R A M  S C H E M A T I C  3 
S  L A V  (M IT  D I A G R A M S ?

O N  T H E  S C R E E N  S OF T H E  P . C .  I

O ï 'C A D  F L O T

i m i

S E A R C H  P R O G R A M

D A T A
-Ml! !

“t
E V P  J E S T  

S V S T E M H-
■M GETTING a n d  

I  C O r t P A R lN i i  T H E  
H  T E S T  S I G N A L S

G E T T I N G  A N I»  I P H O M IN G
- Î  I N P U T  =  O U T  F U T  

t____________________

I Ii SENDING SFTäiF |INFORMATION fO !*•
[HE <L . A. y  I

■Vii n  I r e t * f e n c

L

G E T T I N G  H I E  i  
R E F E R E N C E  S I G N A L S  I 
F R O M  1 H E  t l l . ü . r . )  I 

------------------------------------------ i

I G E T T I N G  T H E  S E T U P  i 
i  I  N f  O R M A T  I  O N  F R O M  I 
I T H E  ( L . A . )  I 
I______   1

f i g .  7 - 4 .  T h e  C o m p l e t e  S o f t w a r e  C o n f i g u r a t i o n



F i r s t  o f  a l l ,  E X P - T e s t  S y s t e m  a s k s  t h e  u s e r  t o  c h e c k  t h e  m a i n  p o w e r  

s u p p l y .  T h i s  w o r k  s h o u l d  b e  d o n e  b e f o r e  t e s t i n g  a n y  p o i n t  i n  t h e  

p l o t t e r ' s  c i r c u i t r y .

A f t e r  t h a t  E X P - T e s t  S y s t e m  w i l l  a s k  t h e  u s e r  t o  p u t  t h e  p r o b e  o f  

t h e  o s c i l l o s c o p e  ( f o r  t e s t i n g  t h e  a n a l o g u e  s i g n a l s  i n  t h e  p l o t t e r ' s  

c i r c u i t r y )  o r  o f  t h e  l o g i c  a n a l y z e r  ( f o r  t e s t i n g  t h e  d i g i t a l  

s i g n a l s  i n  t h e  p l o t t e r ' s  c i r c u i t r y ) ,  o n  o n e  o f  t h e  t e s t  p o i n t s .  

I m m e d i a t e l y  a f t e r  t h a t  E X P - T e s t  S y s t e m  w i l l  c a l l  SKETCH p r o g r a m ,  

w h i c h  w i l l  d r a w  t h e  s c h e m a t i c  a n d  t h e  l a y o u t  d i a g r a m s  o n  t h e  

s c r e e n .

E X P - T e s t  S y s t e m  w i l l  a s k  t h e  u s e r  n o w  i f  h e  h a s  p u t  t h e  p r o b e  a t  

t h e  w a n t e d  t e s t  p o i n t .  W h en  t h e  u s e r  c h o o s e  YES f r o m  t h e  c h o i c e  

l i s t ,  E X P - T e s t  S y s t e m  w i l l  c a l l  t h e  G e t t i n g  a n d  C o m p a r i n g  t h e  T e s t  

s i g n a l s  p r o g r a m .

T h e  w o r k  o f  t h i s  p r o g r a m  i s  t o  g e t  t h e  s i g n a l  f r o m  t h e  t e s t  p o i n t  

a n d  c o m p a r e  i t  w i t h  t h e  r e f e r e n c e  s i g n a l .  T h e n  c a l c u l a t i n g  t h e  

d i f f e r e n c e  a n d  t h e  a l l o w a b l e  t o l e r a n c e  a n d  s a v e  t h e m  i n  a  t e x t  f i l e  

c a l l e d  RE SU LT .

E X P - T e s t  S y s t e m  w i l l  t a k e  t h e s e  t w o  v a l u e s  f r o m  RESULT, a n d  w i l l  

c o m p a r e  t h e m  t o  d e f i n e  t h e  p r o b l e m  a n d  t h e  s o l u t i o n .

I n  t h e  c a s e  o f  u s i n g  t h e  l o g i c  a n a l y z e r  t o  g e t  t h e  t e s t  s i g n a l s .  

E X P - T e s t  S y s t e m  w i l l  c a l l  t h e  S e n d i n g  S e t u p  I n f o r m a t i o n  p r o g r a m ,  

w h i c h  g e t s  t h e  s e t u p  i n f o r m a t i o n  f r o m  t h e  s e t u p  f i l e  a n d  s e n d s  i t  

t o  t h e  l o g i c  a n a l y z e r .

E X P - T e s t  S y s t e m  w i l l  c a l l  G e t t i n g  a n d  P r o v i n g  i n p u t  = o u t p u t  

p r o g r a m  f o r  t e s t i n g  t h e  c o n d i t i o n  o f  t h e  i n v e r t e r s  i n  t h e  m o t o r  

s e r v o  s y s t e m s .

T o  t e s t  t h e  o u t p u t  o f  t h e  e n c o d e r s  ( t h e  f e e d b a c k  s i g n a l s ) , E X P - T e s t  

S y s t e m  w i l l  a s k  t h e  u s e r  t o  p u t  t h e  o s c i l l o s c o p e ' s  p r o b e  a t  t h e
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e n c o d e r ' s  o u t p u t  a n d  d e f i n e  t h e  q u a l i t y  o f  t h e  s i g n a l s .  T h i s  i s  t h e  

o n l y  c a s e  w h i c h  E X P - T e s t  S y s t e m  a s k s  t h e  u s e r  f o r  t h e  q u a l i t y  o f  

t h e  s i g n a l .  T h a t  i s  b e c a u s e  o f  t h e  c o n f u s i o n  w h i c h  t h e  f e e d b a c k  

c a u s e s  d u r i n g  t e s t i n g  t h e  m o t o r  s e r v o  s y s t e m s .  T h e  m o t o r  u s u a l l y  

s t o p s  i n  t h e  c a s e  o f  a n y  f a u l t  i n  t h e  m o t o r  s e r v o  s y s t e m ,  t h a t  w i l l  

c a u s e  t h e  f e e d b a c k  s i g n a l  t o  v a n i s h .  S o  i f  E X P - T e s t  S y s t e m  c a l l s  

G e t t i n g  a n d  C o m p a r i n g  t h e  T e s t  S i g n a l s  p r o g r a m ,  t o  c o m p a r e  t h e  

f e e d b a c k  s i g n a l  w i t h  a  r e f e r e n c e  s i g n a l  i t  w i l l  c o n c l u d e  t h a t  t h e  

p r o b l e m  i s  a l w a y s  i n  t h e  e n c o d e r ,  w h e r e a s  i t  m i g h t  b e  i n  a n y  p a r t  

o f  t h e  m o t o r  s e r v o  s y s t e m .

7.4.2.1. Supporting Software

T h e  s u p p o r t i n g  s o f t w a r e  w a s  d e v e l o p e d  t o  e n h a n c e  t h e  a u t o m a t i c  

w o r k  o f  E X P - T e s t  S y s t e m .  I t  i s  d i v i d e d  i n t o  s i x  d i f f e r e n t  t y p e s ,  

e a c h  t y p e  s u p p o r t s  E X P - T e s t  S y s t e m  i n  o n e  s i d e  o f  t h e  a u t o m a t i c  

t e s t .  A b r i e f  e x p l a n a t i o n  o n  e a c h  t y p e  w i l l  b e  m e n t i o n e d .  T h e s e  

t y p e s  a r e :

( 1 )  S e a r c h  a n d  S k e t c h  p r o g r a m s

An e x p a n d e d  e x p l a n a t i o n  h a s  b e e n  a l r e a d y  g i v e n  a b o u t  t h e s e  

t w o  p r o g r a m s  w h i c h  s u p p o r t  t h e  g r a p h i c s  f a c i l i t y  

a c c o m p a n y i n g  E X P - T e s t  S y s t e m .

( 2 )  G e t t i n g  t h e  R e f e r e n c e  S i g n a l s  f r o m  t h e  ( U . U . T . )

T h i s  s o f t w a r e  w a s  d i v i d e d  i n t o  t w o  p r o g r a m s .  T h e  f i r s t  o n e ,  

g e t  t h e  r e f e r e n c e  a n a l o g u e  s i g n a l s  f r o m  ( U . U . T . )  t h r o u g h  

t h e  IE E E  I n t e r f a c e  C a r d  b y  u s i n g  t h e  o s c i l l o s c o p e .  T h i s  

p r o g r a m  w i l l  c o n v e r t  t h e  c a p t u r e d  d a t a  ( t h e  r a w  d a t a  i n  

A S C I I  c o d e )  t o  a  u s e f u l  i n t e r p r e t a t i o n .  A f t e r  t h a t  i t  w i l l  

s a v e  t h e  p r o c e s s e d  d a t a  i n  a  t e x t  f i l e ,  c a l l e d  REFERENCE.  

T h e  s e c o n d  o n e ,  g e t  t h e  r e f e r e n c e  d i g i t a l  s i g n a l s  f r o m
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( U . U . T . )  t h r o u g h  t h e  IE E E  I n t e r f a c e  C a r d  b y  u s i n g  t h e  L o g i c  

A n a l y z e r .  T h e n  t h i s  p r o g r a m  w i l l  c o n v e r t  t h e  c a p t u r e d  d a t a  

( t h e  r a w  d a t a  i n  A S C I I  c o d e )  t o  a  u s e f u l  i n t e r p r e t a t i o n .  

A f t e r  t h a t  i t  w i l l  s a v e  t h e  p r o c e s s e d  d a t a  i n  a  t e x t  f i l e  

a l s o ,  c a l l e d  REFERENCE.

( 3 )  G e t t i n g  a n d  C o m p a r i n g  t h e  T e s t  S i g n a l s

T h i s  s o f t w a r e  w a s  d i v i d e d  i n t o  t w o  p a r t s .  T h e  f i r s t  p a r t  

g e t s  t h e  t e s t  a n a l o g u e  s i g n a l s  f r o m  ( U . U . T . )  t h r o u g h  t h e  

IE E E  I n t e r f a c e  C a r d  b y  u s i n g  t h e  o s c i l l o s c o p e .  T h e n  t h i s  

p r o g r a m  w i l l  c o n v e r t  t h e  c a p t u r e d  d a t a  ( t h e  r a w  d a t a  i n  

A S C I I  c o d e )  t o  a  u s e f u l  i n t e r p r e t a t i o n .  A f t e r  t h a t  i t  w i l l  

c a l l  t h e  r e f e r e n c e  f i l e ,  a n d  c o m p a r e  b e t w e e n  t h e  t e s t  a n d  

t h e  r e f e r e n c e  s i g n a l s  t o  c a l c u l a t e  t h e  d i f f e r e n c e .  I n  t h e  

e n d  i t  w i l l  d e f i n e  t h e  a l l o w a b l e  t o l e r a n c e  a n d  s a v e  i t  w i t h  

t h e  d i f f e r e n c e  i n  a  t e x t  f i l e  c a l l e d  R E SU L T .

T h e  s e c o n d  p a r t ,  g e t  t h e  t e s t  d i g i t a l  s i g n a l s  f r o m  ( U . U . T . )  

t h r o u g h  t h e  IE E E  I n t e r f a c e  C a r d  b y  u s i n g  t h e  L o g i c  

A n a l y z e r .  T h e n  t h i s  p r o g r a m  w i l l  c o n v e r t  t h e  c a p t u r e d  d a t a  

( t h e  r a w  d a t a  i n  A S C I I  c o d e )  t o  a  u s e f u l  i n t e r p r e t a t i o n .  

A f t e r  t h a t  i t  w i l l  c a l l  t h e  r e f e r e n c e  f i l e ,  a n d  c o m p a r e  

b e t w e e n  t h e  t e s t  a n d  t h e  r e f e r e n c e  s i g n a l s  t o  c a l c u l a t e  t h e  

s u m  o f  t h e  t o t a l  d i f f e r e n c e ,  w h i c h  e q u a l s  z e r o  i f  t h e  

p l o t t e r  i s  i n  g o o d  c o n d i t i o n .  I n  t h e  e n d  i t  w i l l  s a v e  t h e  

s u m  o f  t h e  t o t a l  d i f f e r e n c e  v a l u e  i n  a  t e x t  f i l e  c a l l e d  

R E S U L T .

( 4 )  G e t t i n g  a n d  P r o v i n g  I n p u t  = O u t p u t

T h i s  p r o g r a m  w i l l  g e t  t h e  t e s t  d i g i t a l  s i g n a l s  f r o m  

( U . U . T . )  t h r o u g h  t h e  IE E E  I n t e r f a c e  C a r d  b y  u s i n g  t h e  L o g i c  

A n a l y z e r .  T h e  i n p u t  a n d  t h e  o u t p u t  s i g n a l s  o f  t h e  i n v e r t e r
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c a n  b e  c a p t u r e d ,  b y  u s i n g  t h e  m u l t i - c h a n n e l s  p o d  o f  t h e  

L o g i c  A n a l y z e r .  T h e n  t h i s  p r o g r a m  w i l l  c o n v e r t  t h e  c a p t u r e d  

d a t a  ( t h e  r a w  d a t a  i n  A S C I I  c o d e )  t o  a  u s e f u l

i n t e r p r e t a t i o n .  A f t e r  t h a t  i t  w i l l  c h e c k  t h a t  t h e  i n p u t

s i g n a l  i s  o p p o s i t e  t o  t h e  o u t p u t  s i g n a l  ( t o  p r o v e  t h a t  t h e  

i n v e r t e r  i s  o k ) , a n d  s a v e  t h e  r e s u l t  i n  R E S U L T .

( 5 )  G e t t i n g  t h e  S e t u p  I n f o r m a t i o n  f r o m  t h e  L o g i c  A n a l y z e r

T h i s  p r o g r a m  w i l l  j u s t  g e t  t h e  s e t u p  i n f o r m a t i o n  f r o m  t h e  

L o g i c  A n a l y z e r  a n d  s a v e  i t  i n  a  s e t u p  f i l e .

( 6 )  S e n d i n g  t h e  S e t u p  I n f o r m a t i o n  t o  t h e  L o g i c  A n a l y z e r

T h i s  p r o g r a m  w i l l  c a l l  t h e  s e t u p  f i l e  a n d  s e n d  t h e  s e t u p

i n f o r m a t i o n  t o  t h e  L o g i c  A n a l y z e r .

T h e  f l o w  c h a r t s  o f  a l l  t h e  p r e v i o u s  m e n t i o n e d  p r o g r a m s  a r e  i n  

a p p e n d i x  A .

7.4.2.2. Designing the Rule Set

D e v e l o p i n g  t h e  r u l e s  t o  b e  u s e d  b y  E X P - T e s t  S y s t e m  w a s  t h e  

l a r g e s t  d e v e l o p m e n t  t a s k  r e p r e s e n t i n g  a p p r o x i m a t e l y  f o u r  m o n t h s  

w o r k  w h i c h  f o r m e d  t h e  c o r e  o f  t h e  p r o j e c t .  T h e  r e s u l t  i s  a b o u t  o n e  

h u n d r e d  r u l e s .  A f u l l e r  d e s c r i p t i o n  i s  p r o v i d e d  i n  s e c t i o n  4 . 1 0 . 1 .

A t y p i c a l  r u l e  f r o m  t h i s  e x p e r t  s y s t e m  i s  s h o w n  h e r e :

RULE POWER_SUPPLY12  

I F  CHECK_PEN_SUPPLY = YES  

THEN C A L L \T C 2 \S K E T C H l  

C A L L \T C 2 \S K E T C H 2  

C A L L \T C 2 \ E X P _ T 1 0  

LOADFACTS F I L E 9  

F IN D  T H E _PE N_SUPPLY  

T H E _ 1 2 V _ T E S T  = FOUND;
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RULE P0W ER_SUPPLY13  

I F  d e l t a l  > =  ( s t a n d e r l )

THEN WOPEN 4 , 1 5 , 1 , 8 , 6 0 , 1 4  

AC TIVE 4  

D IS P L A Y

"THERE I S  A PROBLEM I N  THE PEN C O IL  S U P P L Y 'S  OUTPUT, TO 

D E F IN E  WHICH COMPONENTS CAUSE THE PROBLEM, YOU SHOULD MAKE 

T EST  TO ANOTHER P O I N T .  < P R E S S  ANY KEY> TO C O N T IN U E .-"

WCLOSE 4 

RESET d e l t a l  

RESET s t a n d e r l  

TH E _PE N_SUPPLY = FOUND 

F IN D  MOR_PEN_SUPPLY  

ELSE CLS

D IS P L A Y

“THE PEN CO IL SUPPLY I S  OK, < P R E S S  ANY KEY> TO CONTINUE  

T E ST IN G  T H I S  D E V I C E . - "

RESET d e l t a l  

RESET s t a n d e r l ;

7.4.2.3. Domain expertise

T h e r e  w e r e  t w o  c l e a r  s t a g e s  i n  d e v e l o p i n g  t h e  r u l e  s e t .

F i r s t  t h e r e  w a s  t h e  t a s k  o f  d e v e l o p i n g  " d o m a i n  e x p e r t i s e "  i n  o t h e r  

w o r d s  b e c o m i n g  f a m i l i a r  w i t h  v a r i o u s  a s p e c t s  o f  t h e  p l o t t e r ' s  

e l e c t r o n i c  c i r c u i t r y .

I t  w a s  i m p o r t a n t  t o  u n d e r s t a n d  t h e  a c t u a l  c o n s t r u c t i o n  o f  t h e  

p l o t t e r ' s  c i r c u i t r y  a s  w i l l  a s  u n d e r s t a n d i n g  t h e  c i r c u i t r y ' s  

w o r k i n g  a t  a  l o g i c a l  a n d  d i g i t a l  l e v e l .

T h i s  i n c l u d e d  a  w i d e  k n o w l e d g e  a b o u t  t h e  p r o b l e m s  a n d  t h e
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A g r e a t  d e a l  o f  t h e  i n f o r m a t i o n  o r  “k n o w l e d g e "  g a t h e r e d  a t  t h i s  

s t a g e  o f  t h e  p r o j e c t  s e e m e d  e x t r e m e l y  d i f f i c u l t  t o  p u t  i n t o  r u l e  

f o r m a t .  D e t a i l s  o f  t h e  p a r t i c u l a r  t h i n g s  w h i c h  c o u l d  b e  w r o n g  w i t h  

t h e  p l o t t e r ,  a n d  h o w  t h e y  m i g h t  b e  c h e c k e d ,  c o n f i r m e d  a n d  f i x e d .

T h e  s e c o n d  s t a g e  o f  t h e  d e v e l o p m e n t  c o n s i s t e d  o f  o r g a n i z i n g  t h i s  

i n f o r m a t i o n  a n d  c o n s t r u c t i n g  r u l e s  f r o m  i t .

7.4.2.4. Knowledge Engineering

O n e a p p r o a c h  t o  d e s i g n  r u l e s  i s  b y  a t t e m p t i n g  t o  c o n s t r u c t  

c o n s u l t a t i o n  “t r e e s "  o n  p a p e r ,  b y  w r i t i n g  o u t  l i s t s  o f  u s e f u l  

q u e s t i o n s  w h i c h  c o u l d  b e  a s k e d ,  a n d  l i n k i n g  t h e m  w i t h  a r r o w s  

r e p r e s e n t i n g  t h e  o r d e r  i n  w h i c h  t h e y  s h o u l d  b e  p r e s e n t e d  t o  t h e  

u s e r  s o  t h a t  t h e y  w o u l d  b e  m o s t  i n t e l l i g i b l e  t o  h i m .  A r u l e  w i t h  

t w o  p o s s i b l e  a n s w e r s  ( e g .  YES o r  N O ) , w o u l d  h a v e  t w o  a r r o w s  f r o m  

i t ,  f o r  t h e  t w o  p o s s i b l e  a n s w e r s .  T h e s e  a r r o w s  w o u l d  g o  t o  m o r e  

q u e s t i o n s ,  o r  i f  e n o u g h  i n f o r m a t i o n  h a d  b e e n  c o l l e c t e d  t h e n ,  t h e y  

w o u l d  p o i n t  t o  a  f a u l t  a n d  a s s o c i a t e d  s o l u t i o n .

T h e  a p p r o a c h  w h i c h  u s e d  t o  d e s i g n  r u l e s  i n  t h i s  p r o j e c t  w a s  b y  

d r a w i n g  t h e  i n i t i a t i v e  f l o w  c h a r t  o f  E X P - T e s t  S y s t e m .  T h i s  f l o w  

c h a r t  w a s  c o n t a i n i n g  t h e  u s e f u l  q u e s t i o n s  w h i c h  c o u l d  b e  a s k e d  t o  

t h e  u s e r  a n d  t h e  e x p e c t e d  a n s w e r s .

T h i s  w a s  f o u n d  t o  b e  a  v e r y  u s e f u l  a p p r o a c h  f o r  d e v e l o p i n g  t h e  

o v e r a l l  s t r u c t u r e  a n d  a l s o  f o r  v i s u a l i z i n g  h o w  t h e  s y s t e m  w o u l d  

a p p e a r  t o  t h e  u s e r .

T h e  f i r s t  s t a g e  o f  t h e  k n o w l e d g e  e n g i n e e r i n g  p r o c e s s  w a s  t o  d e v e l o p  

t h e  o v e r a l l  s t r u c t u r e  o f  t h e  s y s t e m ,  t h i s  w a s  d o n e  a l o n g  

c o n v e n t i o n a l  k n o w l e d g e  e n g i n e e r i n g  l i n e s .

T h e  l o c a l i s a t i o n  t e c h n i q u e  i s  v e r y  s i m i l a r  t o  t h a t  w h i c h  a n  e x p e r t

components which would be most likely to be at fault.
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would be expected to take.

7.5. Certainty Factors

E X P - T e s t  S y s t e m  d i d n ' t  u s e  c e r t a i n t y  f a c t o r s  i n  i t s  r u l e s .  T h e  

r e a s o n s  f o r  t h i s  a r e  v e r y  i n t e r e s t i n g  a n d  a r e  a  r e f l e c t i o n  o n  t h e  

f a u l t  d o m a i n .  I n  m o s t  i n s t a n c e s  t h e  s y s t e m  a s k s  t h e  u s e r  t o  m o v e  

t h e  p r o b e  f r o m  o n e  t e s t  p o i n t  t o  a n o t h e r ,  o r  i f  t h e r e  i s  a  s i g n a l ,  

i n  s o m e  t e s t  p o i n t  ( f e e d b a c k  s i g n a l s ) ,  t h i s  i s  a  s i m p l e  Y E S /N O  

q u e r y  w h e r e  t h e r e  i s  v e r y  l i t t l e  v a g u e n e s s .  T h e r e  i s  a  s i g n a l  o r  

t h e r e  i s  n o t !  I f  t h e  e x p e c t e d  s i g n a l  i s  n o t  t h e r e ,  t h e n  t h e r e  i s  a  

f a u l t  o r  p r o b l e m  i n  t h e  c i r c u i t  w h i c h  p r o d u c e s  o r  u s e s  t h a t  s i g n a l ,  

s o  t h e  s y s t e m  l o c a l i z e s  t o  t h a t  p a r t  o f  t h e  c i r c u i t  a n d  t e s t s  

a n o t h e r  p o i n t  o r  s e c t i o n  o f  t h e  c i r c u i t .

T h e r e  i s  v e r y  l i t t l e  r o o m  f o r  u n c e r t a i n t y  i n  e l e c t r o n i c  c i r c u i t s ,  

e s p e c i a l l y  i n  d i g i t a l  c i r c u i t s .  A l i n e  i s  g e n e r a l l y  e i t h e r  h i g h ,  

l o w  o r  c a r r y i n g  a  s i g n a l !  T h e  n a t u r e  o f  d i g i t a l  t e s t  e q u i p m e n t  a l s o  

l e a d s  t o  p r e c i s e  r e s u l t s  o f  t e s t s ,  t h e  u s e r  e i t h e r  s e e s  a  s i g n a l  o n  

a n  o s c i l l o s c o p e  s c r e e n  o r  h e  d o e s n ' t .  T h i s  i s  v e r y  d i f f e r e n t  t o  t h e  

s i t u a t i o n  i n  m e d i c a l  d i a g n o s i s  w h e r e  e s t i m a t e s  a n d  q u a l i t a t i v e  

j u d g e m e n t s  m u s t  b e  m a d e  w i t h o u t  c l e a r  q u a n t i t a t i v e  r e s u l t s  [ 6 4 ] .

7.6. EXP-Test Svatem in Operation

T o  t e s t  t h e  p e r f o r m a n c e  o f  E X P - T e s t  S y s t e m  a n d  t o  i m p r o v e  i t s  

a b i l i t y  i n  e l e c t r o n i c  f a u l t  d i a g n o s i s ,  s o m e  e x p e r i e n c e s  w e r e  

a p p l i e d  o n  i t .  T o  d o  t h a t ,  w i r e s  w e r e  c o n n e c t e d  f r o m  t h e  t e s t  

p o i n t s  ( A , B , C , D , E , F , G , H , I , J , K , L , M )  o n  t h e  m o t o r  s e r v o  s y s t e m s ,  t o  

a n  e x t e r n a l  b r e a d b o a r d  t o  s i m p l i f y  g e t t i n g  t h e  t e s t  s i g n a l s  f r o m  

t h a t  p o i n t s .  B u t  i t  w a s  v e r y  d i f f i c u l t  t o  r e a c h  t h e  d e f i n e d  t e s t  

p o i n t s  i n s i d e  t h e  p l o t t e r ' s  p o w e r  s u p p l y ,  a n d  c h a n g i n g  t h e  s i g n a l ' s
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c h a r a c t e r i s t i c s  t o  s i m u l a t e  t h e  f a u l t s .  S o  a  f u n c t i o n  g e n e r a t o r  a n d  

a  p o w e r  s u p p l y  w a s  u s e d  t o  s i m u l a t e  t h e  s i g n a l s  o f  t h e  p l o t t e r ' s  

p o w e r  s u p p l y .

T h e  f u n c t i o n  g e n e r a t o r ' s  s i g n a l s  w e r e  u s e d  t o  s i m u l a t e  t h e

t r a n s f o r m e r ' s  o u t p u t  ( t o  g i v e  1 0 . 5  A C V ) .

T h e  p o w e r  s u p p l y ' s  s i g n a l s  w e r e  u s e d  t o  s i m u l a t e  a l l  t h e  c o n t i n u o u s  

v o l t a g e s  a p p e a r i n g  o n  t h e  p l o t t e r ' s  p o w e r  s u p p l y  b o a r d .

S o  b y  u s i n g  t h e  f r o n t  p a n e l s  o f  t h e  f u n c t i o n  g e n e r a t o r  a n d  t h e  

p o w e r  s u p p l y ,  t h e  a m p l i t u d e  o f  t h e  s i g n a l s  c a n  b e  c h a n g e d  ( i n c r e a s e  

o r  d e c r e a s e  t h e  v o l t  v a l u e s )  t o  s i m u l a t e  t h e  f a u l t  c a s e s .

T h e  f o l l o w i n g  e x a m p l e s  w i l l  e x p l a i n  h o w  E X P - T e s t  S y s t e m  d i a g n o s e s  

t h e  e l e c t r o n i c  f a u l t s  t o  a c h i e v e  t h e  s o l u t i o n :

T h e  f i r s t  f a u l t  w a s  s i m u l a t e d  b y  d e c r e a s i n g  ( - 5 V )  DCV, a n d  m a k i n g  

i t  l e s s  t h a n  t h e  a l l o w a b l e  t o l e r a n c e .  T h e  p l o t t e r ' s  p o w e r  s u p p l y  

f a i l s  t e s t  POW ER_SUPPLY4.

T h e  d i a l o g u e  w a s  a s  f o l l o w s  ( t h e  u n d e r l i n e d  t e x t  i s  t h e  u s e r  

c h o i c e ) :

WELCOME TO 

EXP-Test SYSTEM 

SYSTEM FOR TESTING CNC MACHINE 

<PRESS ANY KEY TO CONTINUE»

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

CHECK THE MAIN POWER PLUG (220) ACV.

IF THE MAIN POWER IS OFF, (MOVE THE CURSOR TO OFF AND PRESS 

<ENTER», IF ON PRESS <ENTER».

ON OFF
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TO CHECK THE TRANSFORMER:

DISCONNECT THE TRANSFORMER'S OUTPUT FROM (J9).

THEN PUT THE OSCILLOSCOPE'S PROBE AT POINT (1).

TO LOCATE POINT (1) AND CONTINUE THE TEST, CHOOSE YES, AND 

PRESS <ENTER>. OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

THE TRANSFORMER IS OK, <PRESS ANY KEY> TO CONTINUE TESTING 

THIS DEVICE.

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

PUT THE OSCILLOSCOPE'S PROBE AT POINT (2),

IF YOU ARE READY, CHOOSE YES, AND PRESS <ENTER>.

OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

THE (5V) OUTPUT IS OK, <PRESS ANY KEY>, TO CONTINUE TESTING 

THIS DEVICE.

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

PUT THE OSCILLOSCOPE'S PROBE AT POINT (5).

IF YOU ARE READY, CHOOSE YES, AND PRESS <ENTER>.

OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

THE (-12V) OUTPUT IS OK, <PRESS ANY KEY>, TO CONTINUE TESTING 

THIS DEVICE.

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )
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PUT THE OSCILLOSCOPE'S PROBE AT POINT (7). 

IF YOU ARE READY, CHOOSE YES, AND PRESS <ENTER>. 

OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

THE PROBLEM IS DEFINED, THE EXPECTED DAMAGED COMPONENTS ARE:

(1) C3.

(2) VR2

PRESS <ENTER>, THEN <Q>, TO EXIT.

T h e  E X P - T e s t  S y s t e m  h a s  d e f i n e d  t h e  f a u l t  c a n d i d a t e  l i s t ,  w h i c h  i s  

C 3 , V R 2 . A l l  w h a t  i s  w a n t e d  f r o m  t h e  u s e r  i s  t o  t e s t  t h e s e  

c o m p o n e n t s  a n d  c h a n g e  t h e  f a u l t y  o n e .

T h e  p r e v i o u s  t e s t  w a s  o n e  o f  m a n y  t e s t s ,  w h i c h  a p p l i e d  o n  t h e  

E X P - T e s t  S y s t e m  t o  i m p r o v e  i t s  c a p a b i l i t y  i n  t r o u b l e s h o o t i n g  f a u l t s  

i n  t h e  p l o t t e r ' s  p o w e r  s u p p l y .

T h e  s e c o n d  f a u l t  w a s  s i m u l a t e d  b y  g e t t i n g  t h e  i n p u t  ( p o i n t  A) a n d  

t h e  o u t p u t  ( p o i n t  E) s i g n a l s  o f  t h e  i n v e r t e r  ( p a p e r  m o t o r  d r i v e r s )  

f r o m  t h e  i n p u t  o n l y .  T h i s  w i l l  i n d i c a t e  t h a t  t h e  p a p e r  m o t o r  

d r i v e r s ,  w h i c h  i n v e r t  t h e  i n p u t  s i g n a l s ,  i s  f a u l t y .  T h i s  i s  b e c a u s e  

t h e  i n p u t  a n d  t h e  o u t p u t  s i g n a l s  w i l l  b e  t h e  s a m e  ( t w o  s i g n a l s  f r o m  

t h e  s a m e  s o u r c e ) .

T h i s  e x a m p l e  w i l l  s h o w  t h e  c a p a b i l i t y  o f  E X P - T e s t  S y s t e m  i n  

d e f i n i n g  t h e  d a m a g e d  c o m p o n e n t s  i n  t h e  d i g i t a l  c i r c u i t s  ( m o t o r  

s e r v o  s y s t e m ) . T h e  m o t o r  s e r v o  s y s t e m  f a i l s  t e s t  P -D -M O T O R 5 .  T h e  

d i a l o g u e  w a s  a s  f o l l o w  ( t h e  u n d e r l i n e d  t e x t  i s  t h e  u s e r  c h o i c e ) :
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WELCOME TO 

EXP-Test SYSTEM 

SYSTEM FOR TESTING CNC MACHINE

<PRESS ANY KEY TO CONTINUE»

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

CHECK THE MAIN POWER PLUG (220) ACV.

IF THE MAIN POWER IS OFF, (MOVE THE CURSOR TO OFF AND PRESS 

<ENTER>, IF ON PRESS <ENTER>.

ON OFF

TO CHECK THE TRANSFORMER:

DISCONNECT THE TRANSFORMER'S OUTPUT FROM (J9) .

THEN PUT THE OSCILLOSCOPE'S PROBE AT POINT (1).

TO LOCATE POINT (1) AND CONTINUE THE TEST, CHOOSE YES, AND 

PRESS <ENTER>. OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

THE TRANSFORMER IS OK, <PRESS ANY KEY> TO CONTINUE TESTING 

THIS DEVICE.

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

PUT THE OSCILLOSCOPE'S PROBE AT POINT (2),

IF YOU ARE READY, CHOOSE YES, AND PRESS <ENTER>.

OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO
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THE (5V) OUTPUT IS OK, <PRESS ANY KEY>, TO CONTINUE TESTING 

THIS DEVICE.

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

PUT THE OSCILLOSCOPE'S PROBE AT POINT (5).

IF YOU ARE READY, CHOOSE YES, AND PRESS <ENTER>.

OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

THE (-12V) OUTPUT IS OK, <PRESS ANY KEY>, TO CONTINUE TESTING 

THIS DEVICE.

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

PUT THE OSCILLOSCOPE'S PROBE AT POINT (7).

IF YOU ARE READY, CHOOSE YES, AND PRESS <ENTER>.

OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

THE (-5V) OUTPUT IS OK, <PRESS ANY KEY>, TO CONTINUE TESTING 

THIS DEVICE.

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

PUT THE OSCILLOSCOPE'S PROBE AT POINT (8).

IF YOU ARE READY, CHOOSE YES, AND PRESS <ENTER>.

OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

THE (+18/26V) OUTPUT IS OK, <PRESS ANY KEY>, TO CONTINUE 

TESTING THIS DEVICE.
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( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

PUT THE OSCILLOSCOPE'S PROBE AT POINT (11).

IF YOU ARE READY, CHOOSE YES, AND PRESS <ENTER>.

OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

THE (+12V) OUTPUT IS OK, <PRESS ANY KEY>, TO CONTINUE TESTING 

THIS DEVICE.

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

PUT THE OSCILLOSCOPE'S PROBE AT POINT (12).

IF YOU ARE READY, CHOOSE YES, AND PRESS <ENTER>.

OTHERWISE CHOOSE NO, AND PRESS <ENTER».

YES NO

THE (PEN COIL SUPPLY) OUTPUT IS OK, <PRESS ANY KEY>, TO 

CONTINUE TESTING THIS DEVICE.

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

SWITCH THE PLOTTER (U.U.T.) OFF, PUT A BLANK PAPER, ONE PEN 

AT LEAST, (NOl). THEN PRESS (PI) & (P2), AT THE SAME TIME 

SWITCH ON THE PLOTTER. THE TEST PROGRAM WILL RUN, TESTING THE 

OPERATION OF EVERY MOTOR, THAT CALLED (THE INTERNAL TEST 

PROGRAM). BY LOOKING CAREFULLY TO THE MOTORS, PRESS <ENTER>, 

IF ALL OF THEM WORK PERFECTLY, OR MOVE THE CURSOR TO PROBLEM 

AND PRESS <ENTER>.

NO_PROBLEM PROBLEM
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ONE OF THE DRIVE MOTORS DOESN'T WORK, <PRESS ANY KEY> TO 

DEFINE WHICH ONE.

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

MOVE THE CURSOR TO THE SUITABLE DRIVE MOTOR WHICH YOU NOTICED 

DOESN'T WORK AND PRESS <ENTER>.

PAPER DRIVE MOTOR PEN_DRIVE_MOTOR

PEN_SOLENOID CAROUSEL_STEPPER__MOTOR

<PRESS ANY KEY>, TO DEFINE THE DAMAGED COMPONENTS.

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

PUT THE OSCILLOSCOPE'S PROBE AT POINT (ENCAX), OR (ENCBX). 

THEN ROTATE THE MOTOR MANUALLY (BY USING ONE OF THE BUTTONS 

ON THE FRONT PANEL OF THE PLOTTER). IF THERE IS A SQUARE 

SIGNAL PRESS <ENTER>, IF THERE IS NO SIGNAL:

MOVE THE CURSOR TO NO, AND PRESS <ENTER>.

YES NO

THE ENCODER IS OK, <PRESS ANY KEY>, TO CONTINUE TESTING THIS 

UNIT.

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

SWITCH ON THE LOGIC ANALYZER, THEN CHOOSE YES, AND PRESS 

<ENTER>. OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO
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CONNECT POD (0), CHANNEL (0), TO POINT (A), AND PRESS (START)

BUTTON, ON THE LOGIC ANALYZER FRONT PANEL. WAIT TILL THE

ANALYZER GET DATA ON IT'S SCREEN, THEN CHOOSE YES, AND PRESS 

<ENTER>. OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

THE INPUT OF THE PAPER MOTOR DRIVERS IS OK, YOU SHOULD MAKE 

TEST TO ANOTHER POINTS, TO DEFINE THE DAMAGED COMPONENTS, 

<PRESS ANY KEY>, TO CONTINUE.

( T h e  u s e r  s h o u l d  p r e s s  a n y  k e y )

CHOOSE YES, THEN PRESS <ENTER>, TO SEND THE SUITABLE SETUP. 

OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

CONNECT POD (0), CHANNEL (0), TO POINT (A), AND POD (0),

CHANNEL (1), TO POINT (E), AFTER THAT RUN (THE INTERNAL TEST

PROGRAM), AND PRESS (START) BUTTON, ON THE LOGIC ANALYZER 

FRONT PANEL. WAIT TILL THE ANALYZER GET DATA ON IT'S SCREEN, 

THEN CHOOSE YES, AND PRESS <ENTER>.

OTHERWISE CHOOSE NO, AND PRESS <ENTER>.

YES NO

THE PROBLEM IS DEFINED, THE EXPECTED DAMAGED COMPONENTS ARE:

(1) U2.

(2) Q4,Q8

(3) CR5

PRESS <ENTER>, THEN <Q>, TO EXIT.
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T h e  p r e c e d i n g  e x a m p l e s  a r e  j u s t  s o m e  o f  t h e  e x a m p l e s  o f  f a u l t  c a s e s  

w i t h  w h i c h  E X P - T e s t  S y s t e m  h a s  b e e n  t e s t e d .

T h e s e  t e s t s  i n d i c a t e  t h a t  i t  i s  r e a s o n a b l e  t o  e x p e c t  t h e  E X P - T e s t  

S y s t e m  t o  b e  a b l e  t o  d i a g n o s i s  b e t t e r  t h a n  70% o f  f a u l t s  i n  t h e  HP 

7 4 7 5 A G r a p h i c s  p l o t t e r  .

T h e  f l o w  c h a r t  o f  E X P - T e s t  S y s t e m  i s  s h o w n  i n  a p p e n d i x  A .

S o m e  c o n c l u s i o n s  o n  t h i s  r e s e a r c h  a n d  s o m e  d i r e c t i o n s  f o r  f u r t h e r  

r e s e a r c h  w i l l  b e  g i v e n  i n  t h e  n e x t  c h a p t e r .
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CHAPTER 8
CONCLUSION

F a u l t s  d u e  t o  e l e c t r o n i c  s y s t e m  f a i l u r e  o r  m a l f u n c t i o n  a r e  t h e  

m a j o r  c a u s e  o f  d o w n t i m e  i n  h i g h l y  a u t o m a t e d  CNC m a c h i n e  t o o l  

w o r k s h o p s .  F a i l u r e  d e t e c t i o n  a n d  r e p a i r  i s  p r o b l e m a t i c  i f  h i g h l y  

s k i l l e d  a n d  w e l l  t r a i n e d  l o c a l  m a i n t e n a n c e  s t a f f  a r e  n o t  i n  

c o n s t a n t  s u p p l y .  I n  t h i s  d i s s e r t a t i o n  i t  i s  p r o p o s e d  t h a t  t h e  

e n h a n c e m e n t  o f  t h e  r a t e  o f  r e p a i r ,  n o t w i t h s t a n d i n g  u n c e r t a i n t y  

a b o u t  t h e  s k i l l  l e v e l ,  i s  p o s s i b l e  w i t h  a n  e x t e n s i o n  o f  t h e  b a s i c  

' t o o l  k i t '  s o  t h a t  e x p e r t  k n o w l e d g e  i s  a v a i l a b l e  i n  a n  i n t e l l i g e n c e  

b a s e d  w o r k s t a t i o n .

B a s e d  o n  t h e  c o n c l u s i o n  t h a t  t o t a l  m a i n t e n a n c e  r e p a i r  k n o w l e d g e  m a y  

n o t  b e  e n c a p s u l a t e d  a  p r i o r i ,  t h e  r o l e  o f  a n  e x p e r t  s y s t e m  i s  

r e n d e r e d  l i m i t e d .  H o w e v e r  a c k n o w l e d g i n g  t h a t  ' d e e p '  k n o w l e d g e  o f  

e l e c t r o n i c  c i r c u i t r y  i s  n o r m a l l y  d o c u m e n t e d  i n  g r a p h i c a l  f o r m ,  a  

s y s t e m  h a s  b e e n  p r o p o s e d  a n d  i m p l e m e n t e d  t h a t  a l l o w s  t h e  u s e r  t o  

c a l l  o n  g r a p h i c a l  i n f o r m a t i o n  ( a v a i l a b l e  f r o m  a  CAD d a t a - b a s e )  

w h i l s t  p r o c e e d i n g  w i t h  l i n g u i s t i c ,  d i a g n o s t i c  i n s t r u c t i o n  f r o m  t h e  

e x p e r t  s y s t e m .  I n t e g r a t i n g  g r a p h i c a l  c i r c u i t  k n o w l e d g e  a n d  

f a c i l i t a t i n g  i n t e r r o g a t i o n  o f  t h e  p r o b l e m  a g a i n s t  t h e  b a c k g r o u n d  o f  

a  w o r k s t a t i o n  d e f i n e d  i n  t h i s  w a y  e s t a b l i s h e s  t h e  c o n t e x t  a n d  

r e f l e c t s  t h e  n o r m a l  r e p a i r  s i t u a t i o n .  T h e  n o r m a l  r e p a i r  s i t u a t i o n  

i n  e l e c t r o n i c s  i s  c h a r a c t e r i z e d  b y  u n c e r t a i n t y ,  i n c o m p l e t e  

k n o w l e d g e ,  m i x e d  c a u s a l i t y  a n d  i n  c o n s e q u e n c e  a  r a t e  o f  c o n v e r g e n c e  

t o  f a u l t  d i a g n o s i s  v a r y i n g  w i d e l y .

I n  t h i s  p r o j e c t  t h e  r o l e  o f  e x p e r t  s y s t e m s  i n  e l e c t r o n i c  f a u l t  

d i a g n o s i s  h a s  b e e n  r e v i e w e d ,  t h e  s i g n i f i c a n c e  o f  e l e c t r o n i c  s y s t e m s

137



f a i l u r e  i n  CNC m a c h i n e  d o w n t i m e  d e t e r m i n a t i o n  h a s  b e e n  s t a t e d ,  a  

w o r k s h o p  f a c i l i t y  s u i t e d  t o  r e p a i r  w i t h  m a x im u m  s u p p o r t  h a s  b e e n  

d e f i n e d ,  a n d  a n  e x a m p l e  w o r k s t a t i o n  i m p l e m e n t e d  b a s e d  o n  a n  

i n t e g r a t i o n  o f  h a r d w a r e  a n d  s o f t w a r e  w i t h  i n s t r u m e n t  i n t e r r o g a t i o n  

c o m p l e m e n t i n g  i n s t r u c t i o n  o r  d i r e c t i o n  f r o m  a n  e x p e r t  s y s t e m  a n d  

c i r c u i t  d a t a  r e p r o d u c i b l e  o n  r e q u e s t  f r o m  a  CAD d a t a - b a s e .  

S u b s t a n t i a l  a d d i t i o n a l  w o r k  i s  r e q u i r e d  t o  p r o d u c e  a  f l e x i b l e  a n d  

u s a b l e  s y s t e m  t h a t  w i l l  e n a b l e  t h e  d e v e l o p m e n t  o f  a  w o r k s t a t i o n  

t h a t  w i l l  a c c o m m o d a t e  t h e  u p d a t i n g  n e c e s s a r y  t o  c o p e  w i t h  n e w  

r e p a i r  s i t u a t i o n s .  H o w e v e r  w i t h  CAD d a t a - b a s e  i n f o r m a t i o n  a v a i l a b l e  

f r o m  m a c h i n e  m a n u f a c t u r e r s  i t  i s  c o n c e i v a b l e  t h a t  a  f l e x i b l e  

i n t e l l i g e n t  r e p a i r  s t a t i o n  c a n  b e  p r o d u c e d .
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"D e v e l o p m e n t  o f  T e c h n i o u e s  t o  D i a g n o s e  t h e  H e a l t h  o f  M e t a l  

C u t t i n g  M a c h i n a r v " . S e n s o r s ,  8 5  C o n f e r e n c e ,  P P . :

M S 8 5 - 1 0 0 0 / 1 - 1 2 ,  N o v .  1 9 8 5

[ 2 3 ]  R a u l t ,  A . ;  B r u n e t ,  J . ;  D e v i q ,  A . ;  E p h r a i m ,  P . :  "M o d e l l i n g  a n d  

I d e n t i f i c a t i o n  f o r  M a c h i n e  T o o l  F a u l t  D e t e c t i o n  a n d  

D i a g n o s i s ".  P r o c e e d i n g  o f  t h e  2 5 t h  I E E E  C o n f e r e n c e  o n  D e c i s i o n  

a n d  C o n t r o l  ( C a t .  N o .  8 6  CH 2 3 4 4 - 0 ) ,  P P . : 8 0 8 - 1 2 ,  V o l .  2 ,  D e c .  

1 9 8 S

[ 2 4 ]  J a m e s  S .  B e n n e t t :  "DA R T: An E x p e r t  S y s t e m  f o r  C o m p u t e r  F a u l t  

D i a g n o s i s 11. A u g a s t  1 9 8 1

[ 2 5 ]  R a n d a l l  D a v i s ;  H o w a r d  S h r o b e ;  W a l t e r  H a m s c h e r :  "D i a g n o s i s  

B a s e d  o n  D e s c r i p t i o n  o f  S t r u c t u r e  a n d  F u n c t i o n " . AA A I 1 9 8 2 ,  

V o l .  8 2 ,  P P . :  1 3 7 - 1 4 2 ,  1 9 8 2

[ 2 6 ]  R .  D a v i s ;  H .  S h r o b e :  "T h e  H a r d w a r e  T r o u b l e s h o o t i n g  G r o u p " . 

S I G AR T  N e w s l e t t e r ,  V o l .  9 3 ,  P P . :  1 7 - 2 0 ,  J u l y  1 9 8 5

[ 2 7 ]  R o b e r t  N e c h e s ;  W i l l i a m  R .  S w a r t o u t ; J o h a n n a  M o o r e :  

11 E x p l a i n a b l e  ( a n d  M a i n t e n a b l e )  E x p e r t  S y s t e m s '1 . I J C A I - 8 5 ,  P P . :
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[ 2 8 ]  B e i c h e l t ,  F . ;  F i s c h e r ,  K . : "O p t i m u m  C o n t r o l  o f  A u t o m a t i c  

S y s t e m s  U n d e r  U n c e r t a i n t y " , C o n t r o l  S c i e n c e  a n d  T e c h n o l o g y  f o r  

t h e  P r o g r e s s  o f  s o c i e t y .  P r o c e e d i n g s  o f  t h e  E i g h t h  T r i e n n i a l  

W o r l d  C o n g r e s s  O f  t h e  I n t e r n a t i o n a l  F e d e r a t i o n  o f  A u t o m a t i c  

c o n t r o l ,  P P . :  8 7 5 - 8 8 0 ,  V o l .  2 ,  A u g .  1 9 8 1

[ 2 9 ]  A .  R .  D o r m e r :  "R e a l  T i m e  P r o c e s s  O p t i m i s a t i o n " . F a c t o r y  2 0 0 0  

I n t e g r a t i n g  I n f o r m a t i o n  a n d  M a t e r i a l  F l o w  ( P u b l .  N o .  8 0 ) ,  3 1  

A u g -  2  S e p  1 9 8 8

[ 3 0 ]  P a t t i p a t i ,  K .  R . ; S h a w ,  J .  J . ;  D e c k e r t ,  J .  C . ;  B e e a n ,  L .  K . ; 

A l e x a n d r i d i s ,  M . G . ;  L o u g e e ,  W . P . :  "C o n f i d a n t e : A

C o m p u t e r  B a s e d  D e s i g n  A i d  f o r  t h e  O p t i m a l  S y n t h e s i s ,  a n a l y s i s  

a n d  o p e r a t i o n  o f  m a i n t e n a n c e  f a c i l i t i e s " ,  P r o c e e d i n g s  o f

A u t o t e s t  C o n .  8 4  ( C a t .  N o .  8 4  C H 1 9 2 1 - 6 ) , P P . :  3 9 0 - 4 0 4 ,  N o v .

1 9 8 4

[ 3 1 ]  S m i r n o v ,  A .  N . : “E x p e r i e n c e  i n  O r g a n i z i n g  t h e  S e r v i c i n g  o f  NC 

M a c h i n e  T o o l s ".  S o v .  E n g .  R e s .  ( G B ) , V o l .  2 ,  N o .  2 ,  F e b .  1 9 8 2

[ 3 2 ]  M i k h a i l o v ,  O.  p . ;  V e s e l o v ,  O.  V . :  " P r o m i s i n g  D e v e l o p m e n t s  i n  

M i c r o p r o c e s s o r  D r i v e s  ( f o r  M a c h i n e  T o o l s ) " .  S o v .  E n g .  R e s .  

( G B ) , V o l .  3 ,  N o .  1 2 ,  D e c .  1 9 8 3

[ 3 3 ]  C h a p u r l a t ,  A . ;  d e  B o n n i e r e s ,  P . ;  K r e t z s c h m a r ,  J . ;  B i l l i a u ,

R . ( E d i t o r s ) : "M o i s e . a n  E x p e r t  S y s t e m  f o r  NC M a c h i n e - T o o l  

T r o u b l e  D i a g n o s i s ".  P r o c e e d i n g s  o f  O p e r a t i v e  E x p e r t  S y e t e m s . 

I n t e r n a t i o n a l  S e m i n a r - E x h i b i t i o n ,  A p r i l  1 9 8 7

[ 3 4 ]  K e l l e r ,  A .  Z . ;  K a m a t h ,  A .  R . R . ;  P e r e r a ,  U . D . : "R e l i a b i l i t y  

A n a l y s i s  o f  CNC M a c h i n e  T o o l s " .  R e l i a b .  E n g .  (GB) V o l .  3 ,  N o .  

6 ,  N o v  1 9 8 2

[ 3 5 ]  P a d r a i g  C u n n i n g h a m ;  M i c h a e l  B r a d y :  "K n o w l e d g e  B a s e d  S y s t e m s  

f o r  F a u l t  D i a g n o s i s ".  A I C S ,  I r i s h  C o n f e r e n c e  o n  ' A I '  a n d

382-389, August 1985 Los Angles
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C o g n i t i v e  S c i e n c e ,  UCD D u b l i n ,  S e p .  1 9 8 8

[ 3 6 ]  B r o w n  J . S . ;  B r u t o n  R . R . ;  d e K l e e r  J . : " P e d a q o c i a l .  N a t u r a l  

L a n g u a g e  a n d  K n o w l e d g e  E n g i n e e r i n g  T e c h n i q u e s  i n - S O P H I E  I . I I  

a n d  I I I * .  I n t e l l i g e n t  t u t o r i n g  s y s t e m ,  e d s . D . S l e e m a n ,  

J . s . B r o w n ,  P P . :  2 2 7 - 2 8 2 ,  A c a d e m i c  P r e s s ,  1 9 8 2

[ 3 7 ]  C l a n c e y  W . J . :  "T h e  E p i s t e m o l o q v  o f  a  R u l e - B a s e d  E x p e r t  S y s t e m  

-  a  F r a m e w o r k  f o r  e x p l a n a t i o n ".  A r t i f i c i a l  I n t e l l i g e n c e ,  V o l .  

2 0 ,  P P . :  2 1 5 - 2 5 1 ,  1 9 8 3

[ 3 8 ]  C u n n i n g h a m  P .  e t  a l . :  “D i a g n o s t i c  H e u r i s t i c s  a n d  

P e r s p e c t i v e s " . E x p e r t  S y s t e m s ,  P P . :  2 4 2 - 2 5 3 ,  1 9 8 6

[ 3 9 ]  P a d r a i g  C u n n i n g h a m :  “A _  T a x o n o m y  o f  K n o w l e d g e  R e p r e s e n t a t i o n  

F o r m a l i s m s 11. T r i n i t y  C o l l e g e  D u b l i n  C o m p u t e r  S c i e n c e  R e p o r t  

N o .  C S C - 8 7 - 0 1 ,  1 9 8 7

[ 4 0 ]  D a g u e  P . ;  R a i m a n  0 . ;  D e v e s  P . :  “T r o u b l e s h o o t i n g :  W h e n  M o d e l i n g  

i s  t h e  T r o u b l e ".  A A A I ,  1 9 8 7

[ 4 1 ]  D a v i s  R . : “D i a g n o s t i c  R e a s o n i n g  B a s e d  o n  S t r u c t u r e  a n d  

B e h a v i o r " . A r t i f i c i a l  I n t e l l i g e n c e ,  V o l .  2 4 ,  P P . :  3 4 7 - 4 1 0 , 1 9 8 4

[ 4 2 ]  d e K l e e r  J . :  "How C i r c u i t s  W o r k " . A r t i f i c i a l  I n t e l l i g e n c e ,  V o l .  

2 4 ,  P P . :  2 0 5 - 2 8 0 ,  1 9 8 4

[ 4 3 ]  F e i g e n b a u m  E . A . :  “T h e  A r t  o f  A r t i f i c i a l  I n t e l l i g e n c e :  T h e m e s  

a n d  C a s e  S t u d i e s  o f  K n o w l e d g e  E n g i n e e r i n g " . I J C A I - 7 7 ,  P P . :  

1 0 1 4 - 1 0 2 9 ,  1 9 7 7

[ 4 4 ]  G e n e s e r e t h  M . R . : “T h e  U s e  o f  D e s i g n  D e s c r i p t i o n s  i n  A u t o m a t e d  

D i a g n o s i s " .  A r t i f i c i a l  I n t e l l i g e n c e ,  V o l .  2 4 ,  P P . :  4 1 1 - 4 3 6 ,  

1 9 8 4

[ 4 5 ]  G i o v a n n i n i  F . ;  M a l a b o c c h i a  F . :  “A _  M o d e l  B a s e d  E x p e r t  S y s t e m  

f o r  HW T r o u b l e s h o o t i n g  D r i v e n  b v  C o m p i l e d  C o n t r o l  K n o w l e d g e “ , 

E x p e r t  S y s t e m s ,  P P . : 6 5 - 7 7 ,  1 9 8 5

[ 4 6 ]  P o p l e  H . E . ;  J r . ;  M y e r s  J . D . ;  M i l l e r  R . A . :  “DI AL OG:  A M o d e l  o f

143



D i a g n o s t i c  L o g i c  f o r  I n t e r n e l  M i d i c i n e H. I J C A I ,  P P . :  8 4 8 - 8 5 5 ,  

1 9 7 5

[ 4 7 ]  S h o r t l i f f e  E . H . : C o m p u t e r - B a s e d  M e d i c a l  C o n s u l t a t i o n :  M Y C I N . 

A m e r i c a n  E l s e v i e r ,  1 9 7  6

[ 4 8 ]  W e i s s  S . M . ;  K u l i k o w s k i  C . A . ;  S a f i r  A . :  M o d e l  B a s e d  

C o n s u l t a t i o n  S y s t e m  f o r  t h e  L o n g - T e r m  M a n a o m e n t  o f  G l a u c o m a " , 

I J C A I ,  P P . : 8 2 6 - 8 3 2 ,  1 9 7 7

[ 4 9 ]  P a d r a i g  C u n n i n g h a m ;  M i c h a e l  B r a d y :  “Q u a l i t a t i v e  R e a s o n i n g  i n

E l e c t r o n i c  F a u l t  D i a g n o s i s " . I J C A I  1 9 8 7 ,  P P . :  4 4 3 - 4 4 5 ,

[ 5 0 ]  G . M .  O ' h a r e ;  D . A . B e l l :  "T h e  C o e x i s t e n c e  A p p r o a c h  t o  K n o w l e d g e  

R e p r e s e n t a t i o n “ . E x p e r t  S y s t e m s ,  V o l .  2 ,  N o .  4 ,  O c t .  1 9 8 5

[ 5 1 ]  A . S .  P o l l i t t : "R e d u c i n g  C o m p l e x i t y  b y  R e j e c t i n g  t h e

C o n s u l t a t i o n  M o d e l  a s  a  B a s i s  f o r  t h e  D e s i g n  o f  E x p e r t  

S y s t e m s 11. E x p e r t  S y s t e m s ,  V o l .  3 ,  N o .  4 ,  O c t .  1 9 8 6

[ 5 2 ]  M i c h a e l  D .  R y c h e n e r :  "E x p e r t  S y s t e m s  f o r  E n g i n e e r i n g  D e s i g n " . 

E x p e r t  S y s t e m s ,  V o l .  2 ,  N o .  1 ,  J a n  1 9 8 5

[ 5 3 ]  M.  H o f m a n n ;  J .  C a v i e d e s ;  J .  B o u r n e ;  G .  B e a l e ;  A .  

B r o d e r s e n :  11 B u i l d i n g  E x p e r t  S y s t e m s  f o r  R e p a i r  D o m a i n s ".  

E x p e r t  S y s t e m s ,  V o l .  3 ,  N o .  1 ,  J a n  1 9 8 6

[ 5 4 ]  M i c h a e l  R .  G e n e s e r e t h :  "D i a g n o s i s  U s i n g  H i e r a r c h i c a l  D e s i g n  

M o d e l s ” . A A A I ,  P P . :  2 7 8 - 2 8 3 ,  A u g .  1 9 8 2

[ 5 5 ]  J o h a n  d e  K l e e r ;  B r i a n  C .  W i l l i a m s :  "R e a s o n i n g  A b o u t  M u l t i p l e  

F a u l t s " . A A A I ,  P P . : 1 3 2 - 1 3 9 ,  1 9 8 6

[ 5 6 ]  H a l  S h u b i n ;  J o h n  W a d e  U l r i c h :  " I D T :  An I n t e l l i g e n t  D i a g n o s t i c

T o o l " . A A A I ,  P P . : 2 9 0 - 2 9 5 ,  A u g  1 9 8 2

[ 5 7 ]  R a m e s h  S .  P a t i l ;  P e t e r  S z o l o v i t s ;  W i l l i a m  B .  S c h w a r t z :  

"C a u s a l  U n d e r s t a n d i n g  o f  P a t i e n t  I l l n e s s  i n  M e d i c a l  

D i a g n o s i s " . I J C A I ,  P P . :  8 9 3 - 8 9 9 ,  A u g  1 9 8 1

[ 5 8 ]  T . R .  A d d i s :  "T o w a r d s  a n  ' E x p e r t  * D i a g n o s t i c  S y s t e m " . I C L
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T e c h n i c a l  J o u r n a l ,  V o l .  2 ,  M a y 1 9 8 0

[ 5 9 ]  S a n j a y  M i t t a l ;  B .  C h a n d r a s e k a r a n ; J o n  S t i c k l e n :  “ P a t r e c ;  & 

K n o w l e d a e - D i r e c t e d  D a t a b a s e  f o r  a  D i a g n o s t i c  E x p e r t  S y s t e m " . 

C o m p u t e r ,  S e p .  1 9 8 4

[ 6 0 ]  L . F .  P a u :  "S u r v e y  o f  E x p e r t  S y s t e m s  f o r  F a u l t  D e t e c t i o n .  T e s t  

G e n e r a t i o n  a n d  M a i n t e n a n c e " . E x p e r t  S y s t e m s ,  V o l .  3 ,  N o .  2 ,  

A p r i l  1 9 8 6

[ 6 1 ]  D a n a  S .  N a u :  "E x p e r t  C o m p u t e r  S y s t e m s “ . C o m p u t e r ,  F e b .  1 9 8 3

[ 6 2 ]  R a n d a l l  D a v i s ;  H o w a r d  S h r o b e : “R e p r e s e n t i n g  S t r u c t u r e  a n d

B e h a v i o u r  o f  D i g i t a l  H a r d w a r e ".  C o m p u t e r ,  O c t .  1 9 8 3

[ 6 3 ]  P a d r a i g  C u n n i n g h a m :  K n o w l e d g e  r e p r e s e n t a t i o n  i n  E l e c t r o n i c  

F a u l t  D i a g n o s i s . P . H D .  T h e s i s ,  T r i n i t y  C o l l e g e  D u b l i n ,  1 9 8 9

[ 6 4 ]  G l e e s o n  J . F . J . : _  An EMYCIN B a s e d  E x p e r t  S y s t e m  f o r  E l e c t r o n i c  

F a u l t  D i a g n o s i s . M . S c .  T h e s i s ,  D e p t .  o f  C o m p u t e r  S c i e n c e ,  

T r i n i t y  C o l l e g e  D u b l i n , 1 9 8 6

[ 6 5 ]  W a l l y  W a n g ;  J o h n  M u e l l e r :  I l l u s t r a t e d  V P - E x p e r t , W o r d w a r e

P u b . ,  I n c . ,  1 9 8 9

[ 6 6 ]  P a p e r b a c k  S o f t w a r e :  V P - E x p e r t . 1 9  8 7

[ 6 7 ]  J .  L .  A l t y ; M. J .  C o o m b s :  E x p e r t  S y s t e m s  C o n c e p t s  a n d

E x a m p l e s . T h e  N a t i o n a l  C o m p u t i n g  C e n t r e  L i m i t e d ,  1 9 8 4

[ 6 8 ]  L o u i s  E .  F r e n z e l ,  J r . :  C r a s h  C o u r s e  i n  A r t i f i c i a l  I n t e l l i g e n c e  

a n d  E x p e r t  S y s t e m s . ( U SA )  1 9 8 7

[ 6 9 ]  J o h n  D .  1 E N K : H a n d b o o k  o f  P r a c t i c a l  M i c r o c o m p u t e r

T r o u b l e s h o o t i n g . R e s t o n  P u b .  C o m p a n y ,  I n c . ,  1 9 7 9

[ 7 0 ]  A l l e n  B u c k r o y d :  C o m p u t e r  I n t e g r a t e d  T e s t i n g . B S P  (UK) 1 9 8 9

[ 7 1 ]  S . J .  C a h i l l :  D e s i g n i n g  M i c r o p r o c e s s o r - B a s e d  D i g i t a l  C i y c u j t r y ,  

P H I  1 9 8 5

[ 7 2 ]  P a u l  C .  B a r r ;  R o n a l d  L .  K r i m p e r ;  M i c h a e l  R .  L a z e a r ;  

C h r i s t o p h e r  S t a m m e n : _  CAD P r i n c i p l e s  a n d  A p p l i c a t i o n s , T& W
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[ 7 3 ]  P a t r i c k  R .  C a r b e r r v :  CAD/CAM w i t h  P e r s o n a l  C o m p u t e r s . TAB B o o k  

I n c .  1 9 8 5

[ 7 4 ]  J o e  R o o n e y ;  P h i l i p  S t e a d m a n P r i n c i p l e s  o f  C o m p u t e r - A i d e d  

D e s i g n . O p e n  U n i v e r s i t y  1 9 8 7

[ 7 5 ]  S p y r o s  G .  T z a f e s t a s : _  K n o w l e d g e - B a s e d  S y s t e m  D i a g n o s i s . 

S u p e r v i s i o n ,  a n d  C o n t r o l . P l e n u m  P r e s s ,  N e w  Y o r k  1 9 8 9

[ 7 6 ]  B a r r y  B .  B r e y :  M i c r o p r o c e s s o r / H a r d w a r e  I n t e r f a c i n g  a n d  

A p p l i c a t i o n s . B e l l  & H o w e l l  C o m p a n y ,  1 9 8 4

[ 7 7 ]  K e r a v n o u  E . T . ;  J o h n s o n  L . ; “C o m p e t e n t  E x p e r t  S y s t e m s " , K o g a n  

P a g e ,  1 9 8 6

[ 7 8 ]  F .  H a y s e - R o t h ;  D . A .  W a t e r m a n ;  D . B .  L e n a t : “ B u i l d i n g  E x p e r t  

S y s t e m s " . A d d i s o n - W e s l y , R e a d i n g ,  MA, 1 9 8 3

[ 7 9 ]  B . G .  B u c h a n a n ;  E . H .  S h o r t l i f f e :  "R u l e - B a s e d  E x p e r t  S y s t e m s ".  

A d d i s o n - W e s l y  P u b l i s h i n g  C o . ,  I n c . ,  1 9 8 4

[ 8 0 ]  M . R .  G e n e s e r e t h :  "A n O v e r v i e w  o f  MRS f o r  A I  E x p e r t s ",  

S t a n d f o r d  H e u r i s t i c  P r o g r a m m i n g  p r o j e c t .  Memo H P P - 8 2 - 2 7 ,  D e p t ,  

o f  C o m p u t e r  S c i e n c e ,  1 9 8 2

[ 8 1 ]  C . L .  F o r g y :  ”0 P S 5  U s e r ' s  M a n u a l " .  C a r n e g i e - M e l i o n  U n i v e r s i t y ,  

1 9 8 1

[ 8 2 ]  L o t f i  A .  Z a d e h :  “F u z z y  L o g i c " . C o m p u t e r ,  P P . :  8 3 - 9 2 ,  A p r i l

1 9 8 8
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i 15 I 
V _ X

XXYESI
¥

> M i 
- .X



I CALL : $SUD!WS !;SET>iP 1 ^FORMATION \ ITO !HE < ! ,.* .  I ! |
?

DISCONNECT THF INPUT A I POINTS .
CONNECT THE (W A LTE R 'S  POD, ¡0 

» • j.ii.L .M ) .uN THE 
INPUT LINE SIDE.

1 CALI : SKETCH ! \ THE CIRCUIT ¿ZOOMI 
! P O IN T S U X L .H )  > 
i 1

r  *-------
\ CALL : SETTING { AMD COMPARII« 

SIQNAL *1 b'i

Ì
/ \

/  \HO X  N  YES
— < DIFFERENCE > 8 ) --------

Né y
v  /\  /

EXPECT ED PAMnGED COMPONENTS :
(1 )  1*19>2) CR1?,CR18,CR1? CR28
(3 )  THE CAROUSEL DRIVE STEPPER 

MOTOR.

PROBLEM IN  THE 
CONTROL C IRCUIT.



' Ü  I

> CALL : S B ®  UW ! { SOIJ ? UFOUHflHCMi 
i TO ÍHE '.L .r) . )
! — 1

I-----------------------------------------1

} DISCONNECT THE ÍNPUT ! 
i f tT  POINTS ( n  . !

CONNECT THE 
i ANALYSER'S POD, ÍO I 
! ? O l N T ( l ) .  ON THE j PEN LiM E. 1

I CALL ! SKETCH Í THE CIRCUIT S I ZOOM POINT i l ) .

i I
1 CALL ; '■ÏÎTING t
! rtf® COMPARING !\ SiGNAL O S )  1 
L_____________ i

?
A  

S  X  /  \
HO /  V  VES

— < DIFFERENCE > «>------
V /

V

EXPECTED DAMAGLI) 
COMPONENTS ! 
a> D1K¿) CB1 

THE PEN SOLENOIDÍ  3 )

PROBLEM IN THE 1 
I

i < U 6 > GA I ARRAY.  1

7



r----------------------------------- !
! CHECK :Y ENCODER I
i NAMIALIA' '<?¥ ¡Hfc I
) ■ist.tuoscoPE 
!_____________ i

%
/ H N. WJ

rs i g n a l >----\  s
ViSf

  1 :
SWITCH OH TWE LOGIC «NrtLYSEP. I 1 CALL: SENDING 

fSETUP INFORMATION! 
* 10 THE L . A . )  1

 '»THE ENCODER • 
' is I t DAMAGED

_X1T

i CONNECT POD ( « ) ,  I 
! CHANNEL < 8 ) . TO i 

POINT ( C>. 1

CALL : SKETCH 
THE CIRCUIT « 200H POINT (C)

L

CALL : GETTING ■ m  COMPARING 1 
SIGNAL <13) (

 !
?

A/* v
/  X  /  "n  YES

< DIFFERENCE > #Y—X
X  A  

?

r¡PROBLEM IN 
¡THE <U5).GAT ARRAV.



i Oí L i, , SENDÍN'3 ; I SETUP iNFOP.HttTíoM í 
ITO )HE 1 ;

7
í CONNECT PO[) í 8 ) - i ¡ OWNNEL '0>.TO ¡

P'M.NT <C). ¿nd i 
FOD («>.  CHANNEL î ( i )  .10 P O iK K G ). *

A l l  ; ^KETCH i
î THE Ci PCI! IT  *  !
; 200M POINTStC. í > (
L_____________ ;

i ‘jf lL L : ‘iü T T IN G  -51 PJKWIN<i: —< C :  >i )

X  —v. «O

V /
VES?

■ 1 4  I

?
f ------------------------------------- !î EXPECTS» ! 
i  D A M A G E S  • COMPONENT j

i
U> U8 (3 )  01.1)5 I 
( 3 )  CIÌ2

f



~ ' —
',OHfJ£CT POD 1 rV), 1 
'̂ HNEL i

. >.)). ?jffi ••
( POD >i»>. CSifiNNEM 
■ M J . T O  POtHT<H>. •.t_____________ t

¡CALL ; SKETCH THE I 
I'jCftV’ t iA f lC  DIllGRii# }
L

r-----------------------i '^ L L  ! SKETCH THE I i L i i f  (KCUlT v t 
i ¿OOH POlNtStD.H> 1

CALL; GETTING 4 I 
i-BOMING; —( D -  W )

?
XVS  —vN© c  P -  H >------

v  /
•iE3 ?

i THE PEN DRIUE!
! MOTOK iS  j DAMAGED. 1
1___________I

[Expected
I DAMAGED 
I COMPONENT I
Id )  U8a) 02,06<3> CSa

* ii
EXIT



I  C H E C K  E N C O D E R *  
i  M A N U A L L Y  B Y  T H E  t 
I O S C E L L O S C O P E  I

A  
/  N  HO (S IG N A L  ')- - - - - - - -

V F S1
I
? S W I T C H  O N  IM F .  
f L O G I C  A N A L Y Z E R .  }  
( C A L L :  S E N D fN G  
I  S E T U P  I M O H M A l t O M  I  
t ro i m e  c l . a . > ;
L __________________________________ !

t
I !< • ONNECT POD '  V* | . !
1 c h a n n e l <0>, rO ■

f o H l f  < A K  
1_____________ 1

i
!-----------------------!
I  C A L L  :  S K E T C H

S C H E M A T I C  D I A G R A M !

f
! ; I CALL : SKETCH THE I 
I LAYOUT C1RCUII *  i 

dOQM POINT ( A ) .  |

?
1 C A L L  ;  G E T T I N G  
1 A N D  C O M P A R IN G  
j  S I G N A L  i l l )

i
A .

/  S.
/  \/  V  YESi  W F F F S E H C E  > « 1 - - - - -

>• S



< r.aLL , END I NO
1 5 E T U P  ' N F O w i A i l W iro \ui n.a.)

CONNECT TOD <v»>. » 
i channel ikoao t 
I PO»NT <«>, ¿N£> i 
I ?0& (0). CHANNEL » i \ I ) . {() rO f MT ( E ) . »

CALL • SKETCH 
THE CIRCUIT *  •

I ZOOM POINTS«»-h> i

I CALL; GETTING ft •i PROUIWi; —  I
< A = E '  *

f
>■%^  NO 

M :  t  )—
N /VE3f
<" 17 I

I-------------!I EXPECTED I 
I DAMAGED 
jCOMPONENT i
1(1) (12 1(2) 04.Q8 ! 
1 <3) CH5 I

v
I EXIT ')



t ÇüHNECT m  ' l i ) , j 
i OiANHEL : i; I 
i WiHI ’ A). '.NI) !
î eoô <«) -  H A M E L i 
ì <D,rO POIHKÏ). ît______________;

¥
! ’ 'I  CALI. : SKETCH THE i 
I t
j SCHEMATIC 81AG8AN1

?
K ftU *  : SKETCH THE! 
! LAYOUT CIRCUIT ' ; ; ZOOM P Ô IN TS iB .i > Í 
! 1
_____________ 7

k m :  D ETT INO *  \5 '" ÎO IJ IH C :------------ 1
i  '  8 :  F 1 •
t i

I

?
À

/  s il«
C B :  f  'J—----
X S 

V  VES ?
S THE Pope» II ¡>81UF HOT OR 1 
I (S DAMAGED. i 
\ 1

( !Í EXPECTED S 
! Ü A M A G E D  |  COHPOWENÏ j
m> <>?.I <2 ) 03,117 
t 13 > CR4 
I____________


