“§') HOKKAIDO UNIVERSITY
Y X7
Title 00600 OOODOODODOOO
Author(s) 00,00
Issue Date 2006
Doc URL http://hdl.handle.net/2115/15412
Rights(URL) http://creativecommons.org/licenses/by-nc-sa/2.1/jp/
Type learningobject
Note(URL) http://www005.upp.so-net.ne.jp/j_inoue/index.html; http://chaosweb.complex.eng.hokudai.ac.jp/"j_inoue/
Additional Information | There are other files related to this item in HUSCAP. Check the above URL
File Information GraphTheory06_13.pdf (0 130 00 OO O)

°

Instructions for use

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP


https://eprints.lib.hokudai.ac.jp/dspace/about.en.jsp

D000 ougo #13

o .00 0o (DDDDDDDD 8—13)
URL : http://chaosweb.complex.eng.hokudai.ac.jp/”j _inoue/

b 180 70 240

0 O

11 00000,00, Menger 0O 0O
11.1 HalOOOODO .. . 0o e e s e e e s e e e e
11.2 0000 .« .o o e e s e e
113 0000000,00,HNO000000 .« . ... ..
114 HalOOOOOODO : 00000 .« .00 0o e e e
11.5 Menger DO DO . . L oL 000 e

12 000000000
121 00000000000 .« . .00 e
122 00000000000 .« ..o e

gobbi120000

o0 00000000, E,00 E,000010000,E00000O00O0O00O0DO0O00O,
gboobobooboooooboooo20b00b00ob0o. o0, 000b0bboob0nb0O0

NN

0 200: 00 B, 00D00000,00 EcODOODOODOOODOO0DOOODOOOODOO0O00DOO.

000000 2™ = (p1(n),pa(n),ps(n),pa(n),ps(n),ps(n)) OOOD, n0 000000000

160



gboooo 2006 o0 . 000b0oboooogo ob 0oad

go0oooooopooooooooooDooDg Az

01 00 0 0
1 1 1
5 ¢ 35 000
o + 1 1 ¢ ¢

A = 208 (241)
003 5 30
000 4 ¢4
000 0 0 1

0ooo

" = x'A" (242)

0oooooooo,n=6,2"=(0,1,0,0,0,00000000000000000.0000000
gboooobobo,bobooobobooooobooooooboooooooboon.

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

/*  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

t=11 p(1)=0.000000
t=11 p(2)=0.000000
t=11 p(3)=0.000000
t=11 p(4)=0.000000
t=11 p(5)=0.000000
t=11 p(6)=1.000000

goooooooooobo,boooooobbooooobooooboooobob.ooo201bD0O,0

1 o °
| e
08 P@1) —— ]
P(2) ---x---
X ; P(@) -
\ [N ® P@4) @
osl LN PE) me
_ : AN g P() -0 -
Qo X,
o) .
L
o
L X, -
0.4 8
0.2 - -
O 4 il =
0 10 12

0 201: oopooooOOoOO0O0OoOOooOoOO.

gbobooedbOoooOoOoooobO0bOOoOooOOobDOobOOobOobO,b0bb0O0b00O0,b00
gbooooennoobDOO, 1000000000000 10600000000 0000RDO0.

00 :10000 PHO0OO0OOOOODOOOODOOOOOOOOOOO,000 100000
00 1/2000 E,00 F 000000000, 0000000 FO00000O0O00OOOOOO.
ooo,0p000000000DOOOO0DODOOO0DODO0OODDOO0 KHODOODDOODODOO,
00000000000000. 000,000000 PX*M'=E|Xt=F)=0000,00
DDDDDD(1,1)DDDDDDDDDDDDDDDDDDDDDD.
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11 0O0O0oo, 00, Menger [0 [0

gbobooobooobooobo,boooo,bbocooboooobooob,boocoboobobooon
gbooooboboooooboooooobooboobooooa.

11.1 HallOOOOO

000000000 (mariage problem) 000000000000,

oood
goooooooboo,bobooooboooooobooboboooo0. obobooo
gboobooobobooobobooooboooobobooobOobooobobooonoa
ooz

0000D0000000000000000,00000000000000000000000
0000000000.0000000000 {g;,82,83,84}, 10000 {by,bs,bs,byg,bs} OO
0.

o0 (ODbooooooooo
g1 b1, by, bs

g2 by

g3 ba, b3, by

84 ba, by

000000O0000000OD202000.00,0000000 GW,WOOOO,0WKOO
gl b1
92 b2
g3 b3
g4 b4

b5

0 202: cOoOoOoOoOOOODOOOOOOOOO.

Ovwgoooooopooooowwo Vw2oooooooooooooo,o00,000000000
ggboobobooobooobooobo,obboobooboobooboobooobobooboon.

gobooboooobooobooboobon
G=GW",V,)O0Ooooooooo,G0000 »woowooooooooooooo
ooooooooo ¢

ooo 1eroonog
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ggbogoobobooboobboobbobooobog.

HallODO

goooooooooooogoooog0,0b k000DOO00b0bD kOODOOOO

ggbooooooooon.

(@0)

[000]: k000000000000D00000D K0D0ODO0OOODOOO0OOOOOOO0
oo.

[000]:00000000DO0.

oooobmODOOOO0OODOOOODOOOODOODOOOD. DDODOO,m=10000,k=100
gbool1ooboboobobobo,000o0o0oo0oooooobo. oobo,0b0. mOobOOobOOoo
gbobooobooo20000000b000D00.

()k<mO0,00 k000000000,0000k+1000000000000
0010000,00000000000000000,00m-10 (m—1<m)0000
0000m-1000000000000.000,0000000000000.

(i) k(<m)00D0D0D0D0000000 k000000000000
000000,k000000000. 000 m—k0000. (m—k) 000000 AQ
(h<m-k)0000 ROOODD0O0O0O00000O0 ((h+4k) 00000 (h+k) 0000
000000000000000). 000,m-k000000000000.

ggbgoooooog.

11.2 0000

gbo,00000000000a4a.

E:00000000.
F=(5,%, .S, : E00000O0O0OOOO.
FOOO :000 80010000 E0O0000mOO00OCOCO.

Q)

E={1,2,3,4,56}, 51 = Sy = {1,2},85 = S, = {2,3},85 = {1,4,5,6} 000. 0000, 0
F=(5,5%,,9)000000.00,F =(5,%,5s5,5)00 {1,2,3,4)000 (0000)
ooo.

11.3 OO000OO0OO0b,00,HallODOogoooo

000000 E = {by, by, by, ba, bs, be} = {1,2,3,4,5,6) 00 0.
00,000000 F = (g1,82,83,84,85) = (S1,52,53,54,55) 00,

S1 = {1,2}
Sy = {1,2}

oo0o 180000
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Ss = {2,3}
Sy = {273}
Ss = {1,4,5,6}

0000 (0 230000000),00000000F0000000OOOOOOOOO Hall
gbooog.

gl b1
g2 b2
g3 b3
g4 b4
g5 b5

b6

00 203: 000000 HalODDOOOOOOOD,000000000000000000.

114 HallOODOOODOO : 00000

gooon
mxn(m<n)O0O00O0OO0 :0000000mxn0O00 M

()0D0000001<m;; <n0ODO00ODO.
(i) 000,00,000000000000.

(@)

(243)

<

Il
W N =
T =N
N = W
— Ot
= W Ot

gboooooooo.

m=n0000000000000000O0000000,00000000000000000
gbobooooobooooon.

oo 271

MOm<nOOOOmxnOOODOOODOOODO. OO0DO0, MO n—-—m0O000O

gbooooooooooobobooobobooog.

(0ooooon)
E=1{1,2,3,45}000000000000MO000000000000. F = (S, 5,5s,S54,55)
00,MO00i000000E0O0O00ODO S00000.(243)000000000000

ogboo 1we90004d
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0000000 S1,8,,--,0

S = {4,5}
Sy = {1,3}
S3 = {4,5}
Sys = {2,3}
Ss = {1,2}

000,FO000OOODDODO (4,3,5,2,1),(5,1,4,3,2)0000000,00000000000
0ooo

(244)

S

I
UL B W N =
- W Ul N
I Y
W N = Ot
N = = W Wt

000 (O00DooO00oooooooooo).

11.5 Menger 00O

gboooooao

0000 (edge-disjoint path) : 000000000 vOOwDOOO.

0000 (vertex-disjoint path) : 000000000 vOOwOOO.

vw-0OOOOO : 000 GUOOO EO,vOOwODOOOOODDOO EODCOOOODOO.
(0): 02040000 Ey = {ps,qs, ty, tz}, E2 = {uw, xw, yw, zw}.

vw-0OOO : GUOOOO VO,vOOwOOOoOoooooovooooooooooooo V.
(0): 02040000 Vy ={s,t},Va={p,q,y,z}.

0 204: 00000 2000000 G (000000 v—p—u—w,00,vor—t—y—w)

OvO0OOwOODOOOODDOOODOOO 2000000000000 O MengerODOO I
Menger 000 I
ooooo GoOUOOO020vO0wODOOODOOOODOOD,vw-O0OOOODOOOODO
oooooooo.
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OvOOwOOOOODOOOODOO 2000000000000 O MengerOOO IT

Menger 00 0O II

00000 GUOODODODOODO 20 vO0OwWOOOOOOOOOODDO,w-ODOOOO
gboooooooo.

(@)

02050000 GUOOO,vw-0000000 Eq ={vp,vaq},Ea={pr,qr,qs},Es = {rw,sw} OO

000,00000000002000.00,w-00000 V;={p,q},Vs=1{r.q},Vs=1{rs}
00000,00000000002000.

p -

[0 205: Menger 000 00000000D0D0OO0OO0 G.

12 OO00oooobd

g2060000000000000.0vOOOOOODOO,0wdOO00DOO0O0CODO. 00O

0000000, 00000 (0)0ODUD0OO0O0D00O0O00O0O (CoOD0ooOoO0DUoOOoOoooOoOo
00)oo00oooo.o0000,000000

0 206: 00000000000, vOOOOOOD wOOOODODOODODOOOO0OO. 000000000000000
og.

oo

gboboooboboooboboobooboooobobooobOobooooboobooonog
ogo?

gboooobobooooooobooooooaon.
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oboooo N:Oboooooboo.
00 ¥Y(e): 00D eO0O0OO0OOOOOOOO.

outdeg(x) : x2 0O ODDODODODOOOOODO.
indeg(x) : x00000000ODOO1
000,000000000000000000D0000O000DOO00OOO0.

000 (fow)
000000000 ¢()00000000 ¢000000,00 2000000000
ooooooo.

(i) 00 a0000 ¢(a) < ¥(a).
i)vOwOOOOOOOOO,00000000000.

(@)
000000000,02070000

(00vOOOOODOOOOODOO0) = (DODwODOOOOOOOOODO)
= 00000 =6 (D20r000000000O0000OOO0O)

0 207: 0206000000000000000000,00,v,wd0000000000O0000000O0OOO0O
ooooOooooooooooa.

(000 (eut): DOOOD DO W-000000 ]

goooob - obooboboobooobog.

020600000000,00000(00000000000000)0 {xw,xz,yz,vz}, {xw, zw}
000,000006000.

100, indeg,outdeg 00000000, 00000000000, 000000000000000000000O0
go0,00000000000000O.
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goboobooooaoo

goboobooobooboo,bobboobbobbobooboobon.

goobO.0oooon0 p. 86-187r00000ooooon.

00000o0000oo206,020700000,0000000,(00000)=(00000)=6
gogboooob,0oboobobboobboobboboobon.

12.1 00000000000

000000000000000000000000000000000
000000000000 vO0OOwOOOO pO00,000000 : v,v1,02, -, Uk1, Uy W
00000 (020800). 00,0000000000000000000000, e; = (vi—1,v:)

vk=w

v2 Val

el

v=v0

0 208: 0OODDOO0O0000O0ODD p. 0D00000,e; 00000000, e; 000000,

ugdb,e 00 v,v, 0000000000, OD0OOO0DO pOdd0db0 e, 0000000000,
00, e = (v,vi—1) 00000 e, 00 v;-4,»; 0000000000 O0COOOO,00000
gboboo.0z208000000,e000,e, 00000O00O00O0OC0ODO.

00,000000e 000,00 (residual) 000000 (DO0DOODOOOOOOOO
0000000000000000)000000 ¥(e;),00,00000000 ¢(e;)) 0000
gbooooooo.

v ) T(ei)—g(e;) (e;0DD)
gle;) = {¢@0 (e;000) (245)

00000 g(e;) 000000 p0000000 g(p)O

9(p) =1g&ﬂ%) (246)

00000. 00000000000
plei) — olei)+glp) (e;0OD) (247)
plei) — ole))—glp) (e;00DO) (248)

000000000,00000000 ¢0g(p) 0000000000000 OOOOOOOO
. bdd,e, 00000000000, 00000000000 0O0O0DO pODOOODODOO
g(p)DO0O00O00O0ODO0O0ODOODOOODOOOOODOO,00,0e 0000000, 0000000
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0000000 yg(p)0000,0000000000000000000,0000000000
ggbooooooooon.

gboooobobooooooao.

gbooooobooooooonbo

1.0000e0000 ¢(e)=0000.

2.v00wOOO pOO000g(p)>000000000,000000.00000
3.0.

3.00 (247)(248) 0000000000 ¢0000O, 2.0

12.2 00000000000

gboooooooboobobooooooboo,0bobcooobooooooboobOoboooon.
gbooooboooooboooboob.b290000000000000DO. 00DOOO0ODO

8

& o o«

660000

0 209:vovoOOOOOOOOODODODOOOOOODOOOOODO.

goopoooubovooooooooopoooo.

goo0,00v0doouybooooooooOooooopobD 1g,0000g0oooooooo o0
ovooOoooooOOoOO coO,00000000VOOOwOOOOODODOOO10DOO
g, Jb0o0boooboobooboobooboboooboo. bobooooobobooooboobooobooog
gb,00,000000000b0000000O00O00DbO0bOO0000OOOO0ObO0ObO0O0OO
gobooooboooogn.

oo 12.1
g2100000b0ooobobooooboooon.

(hoooDoooOooOoOo 20000 vOoOODOwOOODDOODODOOOODODO0DO0O0o0OoO
oo.

(2)02100000000000000ODOOOOO, (1))D0DOOOOOODOOODOO,O
gbooobOobooooboobooooobooooooon.
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0 210: bcooooOOOOOOO.

(@o)

(H)o0ooUOppy0OOOODOO0O0D00000O0Ov—a—d—-wO0O0O. 00000000000
ggb,0boobooooboooboooboobooboooban

¢(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)

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

000.000,00000000000000 (249)(250) 00

d(v,a) = 0+4+g(p1) =11
p(a,d) = 0+g(p) =11
p(d,w) = 0+g(p)=11

goo.

000p000v—b—-c—-wlOOO. 00 p, 00000D0OCO0OODDOOOODODOOO
gboooobooboooon

¢(v,b) = (b, c) = d(c,w) =0 (251)

gbo.obooooobooooobobn

g(v,b) = ¥(v,b) — ¢p(v,b) =10—-0=10
g(b,c) = W(b,c)—¢(b,c)=7-0=7
g(C,W) = \I/(C,W)—QS(QW)Z?)—O:?)

ooo 1750000
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000,0000 p, 0000

9(p2) h=(vb) (bt () ) (252)

000.000,00000000000000 (251)(252) 00

d(v,b) = 0+g(p2) =3
(b(bvc) = 0+g(p2):3
plc,w) = 0+g(p2) =3

goo.

ooooooooooooooooo, g (ad), 00, (ew)00DODDOODDOOODOOODOO
0000o0.000,002000000000000000O0000DOOO0O0OOOO0O00O
0,000,000000000000000.00OO000DOOO00,00,00vOO00O0O
wOOOOODOODOooOooOoooO0v—a—c—d—-w,00,vob—-c—>d—-wO0OOO.
000 ps, 000 ps00ODOO.

00 ps0000,0000000000000

= 11

) = ¥(v,a)—¢(v,a)=20—11=9
) = ¢(37C) =0

glc,d) = ¢(c,d)=0
) = Y(d,w)—o(d,w) =13 —-11 =2

00000,000 p;0000

g(ps) = g(k) =0

min
k=(v,a),(a,c),(c,d),(d,w)

gobo,0b000boobooboooooobogoon

o(v,a) = 11
¢(a,c) = 0
¢(c,d) = 0
o(d,w) = 11

goo.

oo0o 160000
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ggbdgp,0000. 000000000O000O00O00O

o(v,b) = 3
¢(b,c) = 3
¢(c,d) = 0
o(d,w) = 11

000, (d)J000000000OoDoOonO

g(v,b) = ¥(v,b) —¢(v,b)=10-3=7
g(b,c) = ¥(b,c)—¢(b,c)=7-3=4
glc,d) = ¢(c,d)=0

g(d,w) = T(d,w)—¢(d,w)=13-11=2

gobo.oboodp, 0000

= 1 k == O
9(ps) b= R ()

gobo,0booooooobooobooan

o(v,b) = 3
¢(b,c) = 3
¢(c,d) = 0
o(d,w) = 11

goooobo.ooooooboo,0boobooboobooboob0 11+3=14000,0
gbooooooooboobo 211000000,

a 11 d
11( )

(10) 3

0 211: 0O0DOO0DO0OO0O0OO0D0O,000000000000000. 000000000000, 000000000
ooboooobooooo,11-447=14000,000000000000 114+3=1400000.

(2)0 211 0000000000000 OO0OO, 000000 vOwOOOO,000000
11-4+7=14000,000 (1)0000O0O0O0O0ODOOOOOOODO. OODO,00000
oboooooobooooobooo.

ooo 1rv0O000
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gogoo 13

021200000000000.

()00000O0U0OoO0O0U0oOO0O0U0oO,000000000O.
(2)000000000O0,000000000O0OO0UDOOOO.

0 212: oooooo0OO00O00O0O0O0O000

00 : 0000000000000 90200 (0)9:00-10:30B31 000000000000
gooodo.bo,0c0booobooobooboobobooboobos-13o000bo0oooooaon
gboooo,0obooobooobooooobooboooooooboobooboooboooaon
0.

gobbi13b0b0od

(H)00o0DOoO00U0oo000o00o0oo00oooo00o0o,0000ooooon

{aw,bw,cw} 00O 8 (0 OOOODO)
{cv,bc,ew} OO 8 (O OOODOO)
{av,bv,cv} OO 10

{av,ab,aw} 00 17
{av,bv,bc,cw} OO 8 (O OODOOO)
{aw,bw,bc,cv} OO 12
{ab,bv,bc,bw} OO 17
{aw,ab,bv,cv} OO 19
{av,ab,bw,cw} OO 21
{av,bv,bc,bw,aw} OO 12
{aw,ab,bv,bc,cw} OO 17
{cv,bv,ab,bw,cw} OO 23
{av,ab,bw,bc,cv} OO 25

oo0o 178000 g
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goo.
(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)

ooo 1790000
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gobogooo.oboops0bobooobbooboan

g(V, C) = (I)(Va C) - ¢(V, C) =5-2=3 (270)
glc,b) = Dlc,b)— dleb)=1-0=1 (271)
gb,w) = ®(b,w)—¢(bw)=4-3=1 (272)
000,0ps0000
glps) = (v,c)r’r(li,ré)’ (b’w)g(k) =1 (273)
good.ooo,0boboooad
d(v,c) = 2+g(ps)=3 (274)
#(c,b) = 0+g(ps) =1 (275)
p(b,w) = 3+g(ps) =4 (276)

gbooooo.oobooooboooboobooboboob,bbooboo0oobob 4+1+3=800
0,(1) 000000000000 000oo0ooooo0ooooooon.
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