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/************************************************************/

/*  Calculation of time evolution of probability for */
/% 1-dimensional random walk */
/% (Q12 : graph theory 2006) J. Inoue */

[ KK Ko KoK KKK KK KKK K KKK ok K KKK koK KoK KooK Kok oK oK Kok oK oK Kok K ok ok K ok ok
#include<stdio.h>
#define tmax 10
main(){
FILE *pt;
double al[6][6],b[6][6];
int i,j,k,t;
for(i=0; i<=5; i++){
for(j=0; j<=5; j++){
bl[i] [j1=0;
1}

/* Definition of transition matrix A (definition of digraph) */
a[0] [0]
afol1]l =1
afol[2]l =0

alol[3] = o;
0
0

]
o

al0o]l[4] =
alo]l[5] =

al11[0] = 1.0/2;
al[1]1[1] = 1.0/6;
al1]1[2] = 1.0/3;

al[1]1[3] = 0;
a[1][4] = 0;
a[1][5] = 0;
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a[21[0] = 0;

al2][1] = 1.0/2;
al2][2] = 1.0/6;
al2]1[3] = 1.0/3;

a[2][4] = O;
al2][6] = 0;
a[31[0] = 0;
al3]1[1] = 0;

al3]1[2] = 1.0/2;
al3]1[3] = 1.0/6;
al3][4] = 1.0/3;

al3]1[5] = 0;
af4][0] = 0;
al4]1[1] = 0;
al4]1[2] = 0;

al4][3] = 1.0/2;
al4][4] = 1.0/6;
al4]1[5] = 1.0/3;

a[5][0] =0
al6][1] =0
al51[2] = 0;
al[5][3] =0
a[5][4] =0
a[5][5] =1

/* Calculation of A~{t} =/
if ((pt=fopen("matprod.txt","wt")) !=NULL){
for(i=0; i<=5; i++){
for(j=0; j<=5;j++){
if((i==0) && (j==0)){fprintf(pt,"Time Step=%d\n\n",1);}

if (j1=5)1
fprintf (pt,"A(%d) (%d,%d)=%1f ",t,i+1,j+1,ali]l[j1);
Yelse{
fprintf (pt,"A(%d) (%d,%d)=%1f\n",t,i+1,j+1,alil [j1);}
1

for(i=0; i<=5; i++){
fprintf (pt,"\n t=¥d p(hi)=Vlf",1,i+1,al1]1[i]);
//fprintf (pt,"%d %1f ",1, al11[il);

}
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fprintf (pt,"\n %c", ’\n’);
for(t=1;t<=tmax;t++){
for(i=0; i<=5; i++){

for(j=0; j<=5;j++){
for(k=0; k<=5; k++){

bl[il [j] = bl[i]1[j] + alil [kIxalk][j];

}
for(i=0; i<=5; i++){
for(j=0; j<=5;j++){
if ((i==0) && (j==0)){fprintf(pt,"Time Step=%d\n\n",t+1);}

if(§1=5){
fprintf (pt,"A(%d) (%d,%d)=%1f ",t+1,i+1,j+1,b[1]1[j1);
}elsed{

fprintf (pt,"A(%d) (%d,%d)=41lf\n",t+1,i+1,j+1,b[1]1 [1);}

i
for(i=0; i<=5; i++){
fprintf (pt,"\n t=)d p(%i)=%1f ",t+1,i+1,b[1][i]);
//fprintf (pt,"%d %1f ",t+1,b[1][i]);
¥
fprintf(pt,"\n %c", ’\n’);
for(i=0; i<=5; i++){
for(j=0; j<=5; j++){
alil[j1=b[i]1[j];
}
}
for(i=0; i<=5; i++){
for(j=0; j<=5; j++){
b[i] [j1=0;
7

fclose(pt);
}

000000000o000o0oO0000o000000000
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Time Step=1

A(0) (1,1)=0.000000 A(0) (1,2
A(0) (2,1)=0.500000 A(0) (2,2
A(0) (3,1)=0.000000 A(0) (3,2
A(0) (4,1)=0.000000 A(0) (4,2
A(0) (5,1)=0.000000 A(0) (5,2
A(0) (6,1)=0.000000 A(0) (6,2

000000 A(0) (1,3
.166667 A(0) (2,3
.500000 A(0)(3,3

1. 000000 A(0)(1,4)=
0

0

0.000000 A(0) (4,3

0

0

.333333 A(0) (2,4

=0. .000000 A(0) (1,5)=0.000000 A(0) (1,6)=0.000000
=0

0.166667 A(0) (3,4

0

0

=0

0

0.000000 A(0)(2,5)=0.000000 A(0)(2,6)=0.000000
0.333333 A(0) (3,5)=0.000000 A(0)(3,6)=0.000000
0
0
0

.500000 A(0) (4,4
.000000 A(0)(5,4
.000000 A(0)(6,4

.166667 A(0) (4,5)=0.333333 A(0) (4,6)=0.000000
.500000 A(0)(5,5)=0.166667 A(0)(5,6)=0.333333
.000000 A(0)(6,5)=0.000000 A(0) (6,6)=1.000000

.000000 A(0) (5,3
.000000 A(0) (6,3

)= ) )
)= ) )=
) ) )=
) ) )=
) ) )=
)= ) )=

p(1)=0.500000
p(2)=0.166667
p(3)=0.333333
p(4)=0.000000
p(5)=0.000000
p(6)=0.000000

Time Step=2

A(2)(1,1)=0.500000 A(2)(1,2)=
A(2)(2,1)=0.083333 A(2)(2,2

)=0.166667 A(2) (1,

)=
A(2)(3,1)=0.250000 A(2)(3,2)=

)=

)=

)

.694444 A(2) (2,

0 3)=0.333333 A(2)(1,4)=
0 3)
0.166667 A(2)(3,3)
0 3)
0 3)
0 3)

L111111 A(2) (2,4

=0 )=0.000000 A(2)(1,5
0 )=
0.361111 A(2)(3,4)=
0 )=
0 )=
=0 )

.111111 A(2) (2,5
.111111 A(2) (3,5

)=0.000000 A(2) (1,6)=0.000000

)

)
.361111 A(2) (4,5)

)

)

=0

=0.000000 A(2)(2,6)=0.000000
0.111111 A(2) (3,6)=0.000000
0
0
=0

A(2) (4,1)=0.000000 A(2) (4,2
A(2)(5,1)=0.000000 A(2)(5,2
A(2) (6,1)=0.000000 A(2)(6,2)=

.250000 A(2) (4,
000000 A(2) (5,
.000000 A(2) (6,

.166667 A(2) (4,4
.250000 A(2) (5,4
.000000 A(2)(6,4)=

.111111 A(2)(4,6)=0.111111
.194444 A(2)(5,6)=0.388889
.000000 A(2)(6,6)=1.000000

.166667 A(2) (5,5
.000000 A(2)(6,5

OOOOOO

p(1)=0.083333
p(2)=0.694444
p(3)=0.111111
p(4)=0.111111
p(5)=0.000000
p(6)=0.000000

Time Step=3

A(3)(1,1)=0.347222 A(3) (1,2
A(3)(2,1)=0.127315 A(3)(2,2
A(3)(3,1)=0.229167 A(3)(3,2
A(3)(4,1)=0.062500 A(3) (4,2
A(3)(5,1)=0.062500 A(3) (5,2
A(3)(6,1)=0.000000 A(3) (6,2

0.254630 A(3) (1,3
0.542438 A(3) (2,3
0.245370 A(3) (3,3
0.291667 A(3) (4,3
0.083333 A(3) (5,3
0.000000 A(3) (6,3

=0.305556 A(3)(1,4
=0.163580 A(3)(2,4
=0.278549 A(3) (3,4
0.175926 A(3) (4,4
0.166667 A(3) (5,4
=0.000000 A(3)(6,4

.055556 A(3)(1,5)
.129630 A(3)(2,5)=
.117284 A(3)(3,5)
)
)
)

0 .037037 A(3)(1,6)=0.000000
0

0

0.195216 A(3) (4,5

0

0

=0

=0.024691 A(3)(2,6)=0.012346
0.074074 A(3)(3,6)=0.055556
0.080247 A(3)(4,6)=0.194444
=0
=0

.120370 A(3) (5,5
.000000 A(3) (6,5

.084105 A(3)(5,6)=0.483025
.000000 A(3)(6,6)=1.000000

)= ) )=
)= ) )=
)= ) )=
) ) )
)= ) )=
)= ) )=

=3 p(1)=0.127315
3 p(2)=0.542438
3 p(3)=0.163580
3
3
=3

p(4)=0.129630
p(5)=0.024691
p(6)=0.012346

d‘d‘d’d’d’d‘

Time Step=4

A(4)(1,1)=0.228792 A(4) (1,2
A(4)(2,1)=0.160399 A(4) (2,2
A(4)(3,1)=0.186605 A(4) (3,2
A(4)(4,1)=0.116368 A(4) (4,2
A(4)(5,1)=0.083285 A(4) (5,2
A(4)(6,1)=0.000000 A(4) (6,2

.320798 A(4)(1,3
.406661 A(4)(2,3
.300179 A(4)(3,3
.280918 A(4) (4,3
.144129 A(4) (5,3
.000000 A(4)(6,3

.248807 A(4)(1,4
200120 A(4)(2,4)=

)=0.103438 A(4)(1,5)=0.049354 A(4)(1,6)=0.048811
)
.220730 A(4)(8,4)=
)=
)=
)=

.124852 A(4)(2,5)=0.042705 A(4)(2,6)=0.065263
.109020 A(4)(3,5)=0.050821 A(4)(3,6)=0.132645
.109683 A(4) (4,5)=0.044963 A(4) (4,6)=0.284539
.067444 A(4)(5,5)=0.033451 A(4)(5,6)=0.557343
.000000 A(4)(6,5)=0.000000 A(4)(6,6)=1.000000

OOOOOO

.163530 A(4) (4,4
114348 A(4) (5,4
.000000 A(4) (6,4

OOOOOO

)= )=
)= )=
) )
)= )
)= )=
)= )=

OOOOOO

p(1)=0.160399
p(2)=0.406661
p(3)=0.200120
p(4)=0.124852
p(5)=0.042705
p(6)=0.065263

=4
4
4
4
4
=4

d’d’d‘d‘d’d’

Time Step=5

A(5)(1,1)=0.166377 A(5)(1,2)=
A(5)(2,1)=0.157355 A(5) (2,2

)=0.314710 A(5) (1, .198601 A(5)(1,4)=

)=
A(5)(3,1)=0.148951 A(5)(3,2)=

)=

)

)

.318129 A(5) (2, .190762 A(5) (2,4

0 3)=0 )=0.105517 A(5) (1,5
0 3)=0 )=
0.286143 A(5)(3,3)=0.178861 A(5)(3,4)=
0 3)=0 )=
0 3)=0 )
0 3)=0 )

0

0.105755 A(5) (2,5
0.096229 A(5) (3,5
0
0
0

)=0.043938 A(5)(1,6)=0.170857

)

)
.080001 A(5)(4,5)

)

)

=0

0.042495 A(5)(2,6)=0.185503
0.039848 A(5) (3,6)=0.249967
0
0
=0

A(5) (4,1)=0.118707 A(5) (4,2
A(5)(5,1)=0.074145 A(5)(5,2)=
A(5)(6,1)=0.000000 A(5)(6,2)=

.237950 A(5) (4, .144344 A(5) (4,4
.143422 A(5) (5, .089659 A(5)(5,4)=
.000000 A(5) (6, .000000 A(5)(6,4)=

.032486 A(5) (4,6)=0.386512
.020228 A(5) (5,6)=0.623816
.000000 A(5) (6,6)=1.000000

.048729 A(5) (5,5
000000 A(5) (6,5

5 p(1)=0.157355
5 p(2)=0.318129
5 p(3)=0.190762

=5 p(4)=0.105755
5 p(5)=0.042495
5 p(6)=0.185503

oo0o 140000
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Time Step=6

A(6)(1,1)=0.122568 A(6)(1,2)=0.240717 A(6)(1,3)=0. A(6)(1,4)=0. A(6)(1,5)=0.032915 A(6)(1,6)=0.375500
A(6)(2,1)=0.120358 A(6)(2,2)=0.236572 A(6)(2,3)=0. A(6) (2,4)= A(6)(2,5)=0.032330 A(6)(2,6)=0.386471
A(6)(3,1)=0.110827 A(6)(3,2)=0.217699 A(6)(3,3)=0. A(6)(3,4)= A(6)(3,5)=0.029764 A(6)(3,6)=0.435258
A(6)(4,1)=0.090598 A(6)(4,2)=0.178055 A(6)(4,3)=0. A(6) (4, A(6)(4,5)=0.024335 A(6)(4,6)=0.538203
A(6)(5,1)=0.055543 A(6)(5,2)=0.109113 A(6) (5,3)=0. A(6) (5, A(6)(5,5)=0.014918 A(6)(5,6)=0.716955
A(6) (6,1)=0.000000 A(6)(6,2)=0.000000 A(6)(6,3)=0. A(6) (6, A(6) (6,5)=0.000000 A(6)(6,6)=1.000000
t=6 p(1)=0.120358

t=6 p(2)=0.236572

t=6 p(3)=0.145133

t=6 p(4)=0.079136

t=6 p(5)=0.032330

t=6 p(6)=0.386471

Time Step=7

A(7)(1,1)=0.069496 A(7)(1,2)=0.136551 A(7)(1, A(7)(1,4)=0. A(7)(1,5)=0.018666 A(7)(1,6)=0.645813
A(7)(2,1)=0.068275 A(7)(2,2)=0.134152 A(7)(2, A(7)(2,4)=0. A(7)(2,5)=0.018338 A(7)(2,6)=0.652035
A(7)(3,1)=0.062846 A(7)(3,2)=0.123484 A(7)(3, A(T7)(3,4)=0. A(7)(3,5)=0.016879 A(7)(3,6)=0.679705
A(7)(4,1)=0.051390 A(7)(4,2)=0.100975 A(7) (4, A(7) (4,4)=0. A(7)(4,5)=0.013803 A(7)(4,6)=0.738090
A(7)(5,1)=0.031498 A(7)(5,2)=0.061890 A(7) (5, A(7)(5,4)=0. A(7)(5,5)=0.008460 A(7)(5,6)=0.839470
A(7) (6,1)=0.000000 A(7)(6,2)=0.000000 A(7) (6, A(7)(6,4)=0. A(7) (6,5)=0.000000 A(7)(6,6)=1.000000
t=7 p(1)=0.068275

t=7 p(2)=0.134152

t=7 p(3)=0.082323

t=7 p(4)=0.044878

t=7 p(5)=0.018338

t=7 p(6)=0.652035

Time Step=8

A(8)(1,1)=0.022354 A(8)(1,2)=0.043923 A(8)(1,3)= A(8)(1,4)= A(8)(1,5)=0.006004 A(8)(1,6)=0.886071
A(8)(2,1)=0.021962 A(8)(2,2)=0.043152 A(8)(2,3)= A(8)(2,4)= A(8)(2,5)=0.005899 A(8)(2,6)=0.888072
A(8)(3,1)=0.020215 A(8)(3,2)=0.039720 A(8)(3,3)= A(8)(3,4)= A(8)(3,5)=0.005429 A(8)(3,6)=0.896973
A(8)(4,1)=0.016530 A(8)(4,2)=0.032480 A(8) (4,3)= A(8) (4,4)= A(8)(4,5)=0.004440 A(8)(4,6)=0.915753
A(8)(5,1)=0.010132 A(8)(5,2)=0.019908 A(8) (5, A(8) (5, A(8)(5,5)=0.002721 A(8)(5,6)=0.948363
A(8)(6,1)=0.000000 A(8)(6,2)=0.000000 A(8) (6, A(8) (6, A(8)(6,5)=0.000000 A(8)(6,6)=1.000000
t=8 p(1)=0.021962

t=8 p(2)=0.043152

t=8 p(3)=0.026480

t=8 p(4)=0.014436

t=8 p(5)=0.005899

t=8 p(6)=0.888072
Time Step=9
A(9)(1,1)=0.002313 A(9)(1,2)=0.004545 A(9)(1,3)=0. A(9)(1,4)=0. A(9)(1,5)=0.000621 A(9)(1,6)=0.988212
A(9)(2,1)=0.002272 A(9)(2,2)=0.004465 A(9)(2,3)=0. A(9)(2,4)=0. A(9)(2,5)=0.000610 A(9)(2,6)=0.988419
A(9)(3,1)=0.002092 A(9)(3,2)=0.004110 A(9)(3,3)=0. A(9)(3,4)=0. A(9)(3,5)=0.000562 A(9)(3,6)=0.989340
A(9)(4,1)=0.001710 A(9)(4,2)=0.003361 A(9) (4,3)=0. A(9) (4,4)=0. A(9) (4,5)=0.000459 A(9)(4,6)=0.991283
A(9)(5,1)=0.001048 A(9) (5,2)=0.002060 A(9)(5,3)=0. A(9)(5,4)=0. A(9) (5,5)=0.000282 A(9)(5,6)=0.994657
A(9) (6,1)=0.000000 A(9)(6,2)=0.000000 A(9)(6,3)=0. A(9)(6,4)=0. A(9) (6,5)=0.000000 A(9)(6,6)=1.000000
t=9 p(1)=0.002272

t=9 p(2)=0.004465

t=9 p(3)=0.002740

t=9 p(4)=0.001494

t=9 p(5)=0.000610

t=9 p(6)=0.988419
Time Step=10
A(10) (1,1)=0.000025 A(10)(1,2)=0.000049 A(10)(1,3)=0.000030 A(10)(1,4)=0.000016 A(10)(1,5)=0.000007 A(10) (1,6)=0.
A(10) (2,1)=0.000024 A(10)(2,2)=0.000048 A(10)(2,3)=0.000029 A(10)(2,4)=0.000016 A(10)(2,5)=0.000007 A(10)(2,6)=0.
A(10) (3,1)=0.000022 A(10)(3,2)=0.000044 A(10)(3,3)=0.000027 A(10)(3,4)=0.000015 A(10)(3,5)=0.000006 A(10)(3,6)=0.
A(10) (4,1)=0.000018 A(10) (4,2)=0.000036 A(10)(4,3)=0.000022 A(10) (4,4)=0.000012 A(10) (4,5)=0.000005 A(10) (4,6)=0.
A(10) (5,1)=0.000011 A(10) (5,2)=0.000022 A(10)(5,3)=0.000014 A(10) (5,4)=0.000007 A(10)(5,5)=0.000003 A(10) (5,6)=0.
A(10) (6,1)=0.000000 A(10)(6,2)=0.000000 A(10)(6,3)=0.000000 A(10) (6,4)=0.000000 A(10)(6,5)=0.000000 A(10) (6,6)=1.
t=10 p(1)=0.000024

t=10 p(2)=0.000048

t=10 p(3)=0.000029

t=10 p(4)=0.000016

t=10 p(5)=0.000007

t=10 p(6)=0.999876

gboo0 1650000
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Time Step=11

A(11)(1,1)=0.000000 A(11)(1,2)=0.000000 A(11)(1,3)=0.000000 A(11)(1,4)=0.000000 A(11)(1,5)=0.000000 A(11)(1,6)=1
A(11)(2,1)=0.000000 A(11)(2,2)=0.000000 A(11)(2,3)=0.000000 A(11)(2,4)=0.000000 A(11)(2,5)=0.000000 A(11)(2,6)=1
A(11)(3,1)=0.000000 A(11)(3,2)=0.000000 A(11)(3,3)=0.000000 A(11)(3,4)=0.000000 A(11)(3,5)=0.000000 A(11)(3,6)=1
A(11) (4,1)=0.000000 A(11)(4,2)=0.000000 A(11) (4,3)=0.000000 A(11)(4,4)=0.000000 A(11)(4,5)=0.000000 A(11)(4,6)=1
A(11) (5,1)=0.000000 A(11)(5,2)=0.000000 A(11)(5,3)=0.000000 A(11)(5,4)=0.000000 A(11)(5,5)=0.000000 A(11)(5,6)=1
A(11) (6,1)=0.000000 A(11)(6,2)=0.000000 A(11)(6,3)=0.000000 A(11)(6,4)=0.000000 A(11)(6,5)=0.000000 A(11)(6,6)=1
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¢(v,a) = ¢(a,d) = ¢(d,w) =0 (249)

gob.gbod, 000000000000

g(v,a) = Y(v,a) —¢p(v,a)=20—0=20
g(a,d) = ¥(a,d) —¢(a,d)=11-0=11
g(d,w) = T(d,w)—¢(d,w) =13—-0=13
000,0p, 0000
9(p1) = min - g(k) =11 (250)
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000.000,00000000000000 (249)(250) 00
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00000,000 p;0000
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g(v,b) = ¥(v,b) —¢(v,b)=10-3=7
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gobo,0booooooobooobooan
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¢(c,d) = 0
o(d,w) = 11

goooobo.ooooooboo,0boobooboobooboob0 11+3=14000,0
gbooooooooboobo 211000000,
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0.
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{aw,bw,cw} 00O 8 (0 OOOODO)
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(2)0000000000000. D00 pO000v—a—-wlOOOO,000000000
gboooooboooon

¢(Vva) = ¢(a,W):O (253)
|:||:||:|.|:||:||:||:|,p1|:||:||:||:||:||:||:||:||:||:||:||:|,|:||:||:||:||:||:|(I)(U,V)DDDD

g(v,a) = B(v,a)—d(v,a) =4 -0 =4 (254)

gla,w) = ®(a,w) —¢(a,w)=2-0=2 (255)

00000,0 p, 000 g(py) O

- i k) =2 256
9(p1) o uin9(k) (256)

gob.goboo, 0000000

(257)

d(sfv,a) = 0+g(p1)

d(a,w) = 0+g(p1)

000000.00000,0 po,ps0v—b—owv—oc—owdOODO,ps,ps000000
000000,0000000000 g(py) =1,9(p2)=2000,0000000

=2
=2

d(v,b) = 0+g(p2) =1 (259)
p(b,w) = 0+g(p2) =1 (260)
o(v,c) = 0+g(ps) =2 (261)
plc,w) = 0+g(ps) =2 (262)

000. 000000 vb,aw,ewOOOOOOOOODO0O0000,00 3000000000
00000000000000000. 00,000 awdOOO0OO0OO0O00000,0 ba00O
0000000000,000000000.000,0b000000000000,00
0000000000000 0000000000000,0ba000000000000.
000000000000 v—a—b—owv—oc—ob—wOdOD0.00000 ps,ps 300
0.00,0p,0000,00000000

g(v,a) = ®(v,a)—¢(v,a)=4—-2=2 (263)
g(a,b) = @(a,b) —¢(a,b)=5-0=5 (264)
gb,w) = @(b,w)—¢b,w)=4-1=3 (265)
000,0p, 0000
9(pa) = min - g(k) =2 (266)

k=(v,a),(a,b),(b,w)

gbo.ooo,0boooboaoo

p(v,a) = 2+4+g(ps) =4 (267)
#(a,b) = 0+ g(ps) =2 (268)
p(b,w) = 1+g(ps) =3 (269)
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000,0ps0000
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good.ooo,0boboooad
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#(c,b) = 0+g(ps) =1 (275)
p(b,w) = 3+g(ps) =4 (276)
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