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Markov Chains Overview

A. A. Markov (1856 - 1922)

to analyze stochastic processes

a0 = (a1, a2, ..., ai, ..., an)

P =


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k , k = 1, 2, 3, ...
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Nurşin Baş (n.bas@webmail.ucc.ie) Computer-Based Teaching Tool Process & Chemical Eng. 3 / 12



Markov Chains Overview

A. A. Markov (1856 - 1922)

to analyze stochastic processes

a0 = (a1, a2, ..., ai, ..., an)

P =


p11 p12 . . .
p21 p22 . . .
. . . . .
. . . . .
. . . . pnn


nxn

ak = a0P
k , k = 1, 2, 3, ...
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Markov Chains Teaching Tool for Markov Chains

The future state of the variable only depends on its current state.

⇓
exists within finite discrete intervals ⇔ the states of the system.

to make Markov Chain understandable to people with limited
mathematical background

well known children’s board game, Snakes & Ladders

to determine Residence Time Distribution of particles in a rotary
processing unit
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Computer Implementation of the Teaching Tool Snakes and Ladders as A Markov Process

Game Board
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Computer Implementation of the Teaching Tool Snakes & Ladders Simulation

Snakes & Ladders Game
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Computer Implementation of the Teaching Tool Snakes & Ladders Simulation

Transition Matrix
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

1 0  1/6  1/6  1/6  1/6 0  1/6 0 0 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0  1/6  1/6  1/6 0  1/6  1/6 0 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0  1/6  1/6 0  1/6  1/6  1/6 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0  1/6 0  1/6  1/6  1/6  1/6 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0  1/6 0 0 0  1/6  1/6  1/6  1/6 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 0 0  1/6 0 0 0 0  1/6  1/6  1/6 0  1/6 0 0 0 0 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0 0 0 0 0
8 0 0  1/6 0 0 0 0 0  1/6  1/6 0  1/6 0  1/6 0 0 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0 0 0 0 0
9 0 0  1/6 0 0 0 0 0 0  1/6 0  1/6 0  1/6  1/6 0 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0 0 0 0 0
10 0 0  1/6 0 0 0 0 0 0 0 0  1/6 0  1/6  1/6 0 0 0 0 0 0 0 0  1/6 0 0 0  1/6 0 0 0 0 0 0 0 0
11 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6  1/6 0  1/6  1/6 0 0 0 0 0  1/6 0 0 0  1/6 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6 0  1/6  1/6  1/6  1/6 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6  1/6  1/6  1/6  1/6 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6  1/6  1/6  1/6  1/6  1/6 0 0 0 0 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6  1/6  1/6  1/6  1/6  1/6 0 0 0 0 0 0 0 0 0 0 0 0
19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6  1/6  1/6  1/6  1/6  1/6 0 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0  1/6  1/6  1/6  1/6  1/6 0 0 0 0 0 0 0 0 0 0 0
21 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0  1/6  1/6  1/6  1/6 0  1/6 0 0 0 0 0 0 0 0 0
22 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0  1/6  1/6  1/6 0  1/6  1/6 0 0 0 0 0 0 0 0
23 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0 0  1/6  1/6 0  1/6  1/6  1/6 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0 0 0  1/6 0  1/6  1/6  1/6  1/6 0 0 0 0 0 0
25 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6 0 0 0 0  1/6 0 0 0 0 0 0 0  1/6  1/6  1/6  1/6 0 0 0 0 0 0
26 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0  1/6  1/6  1/6 0  1/6  1/6 0 0 0
28 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6 0 0 0  1/6 0 0 0 0 0 0 0 0 0  1/6  1/6 0  1/6  1/6 0 0 0
29 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6 0 0 0  1/6 0 0 0 0 0 0 0 0 0 0  1/6 0  1/6  1/6 0  1/6 0
30 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6 0 0 0  1/6 0 0 0 0 0 0 0 0 0 0 0 0  1/6  1/6 0  1/6  1/6
31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
32 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6 0  1/6  1/2
33 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1/6  2/3
34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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Computer Implementation of the Teaching Tool Rotary Processor

Rotary Processor
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Computer Implementation of the Teaching Tool Rotary Processor

Transition Matrix
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

1 1      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

2  26/75   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

3  13/50   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

4  15/79   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

5  13/95   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

6   2/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

7   1/23   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

8   1/60   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

9   1/75    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

10 0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

11 0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

12 0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

13 0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      

14 0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      

15 0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      

16 0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      

17 0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      

18 0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      

19 0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      

20 0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      

21 0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      

22 0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      

23 0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      

24 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      

25 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      

26 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75    3/857

27 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/60

28 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   2/85

29 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60   2/75

30 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/23

31 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/20

32 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   5/68

33 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20  10/91

34 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   4/25

35 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50  12/59

36 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41  24/91

37 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50  32/95

38 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50  25/63

39 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75  11/24

40 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50  25/49

41 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12  53/93

42 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      1      
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Computer Implementation of the Teaching Tool Rotary Processor

Transition Matrix

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

1 1      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

2  26/75   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

3  13/50   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

4  15/79   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

5  13/95   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

6   2/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

7   1/23   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

8   1/60   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

9   1/75    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

10 0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

11 0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

12 0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      

13 0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      0      

14 0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      0      

15 0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      0      

16 0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      0      

17 0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      0      

18 0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      0      

19 0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      0      

20 0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      0      

21 0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      0      

22 0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      0      

23 0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      0      

24 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      0      

25 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75 0      0      

26 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/75    3/857

27 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   1/99   1/60

28 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60    1/303   2/85

29 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/60   2/75

30 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/99   1/23

31 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   1/43   1/20

32 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20   3/82   5/68

33 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   1/20  10/91

34 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50   1/23   4/25

35 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41   3/50  12/59

36 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50   3/41  24/91

37 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50   3/50  32/95

38 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75   3/50  25/63

39 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50   4/75  11/24

40 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12   3/50  25/49

41 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0        1/99    1/303   2/75   1/23   1/20   4/75   4/57   2/23   1/12  53/93

42 0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      0      1      
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Conclusion

In the board game;

a single person or multiple persons
uniform dice or non-uniform dice
without Snakes & Ladders or with
the Ladders but without the Snakes

In rotary process;

thousands of particles
a single particle

In Markov theory;

Absorbing barrier
Reflecting barrier
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Thank You! Questions

Thank You!

Questions??
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