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Abstract

A problem of ranking the vertices of

a paired comparison digraph

Manabu KAMEMOTO

A paired comparison digraph (PCD) is a weighted digraph in which the sum of the
weights of arcs, if any, joining two distinct vertices is exactly one; otherwise, there exist
no arcs joining them. We consider a problem of ranking the vertices of a PCD. Let D
be a PCD with n vertices. A ranking of D is a one-to-one mapping from the set of
vertices of D onto the set of integers {1,2,---,n}. There are many different opinions on
a definition of the most desirable ranking.

In this paper, we define the set of backward arcs of a ranking and its total length.
Then, the optimal ranking is a ranking whose total length is minimum among those
of all possible rankings. It is easy to ask for optimal rankings of a certain class of
PCDs such as complete PCD and semicomplete PCD. Furthermore, the results are very

reasonable.

key words paired comparison digraph, backward arcs, optimal rankings
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5.3 REL&xS

CNETOMENBELNS COHEOEERT. A, ROEHOD (1)1, whH
HIEL TV d*(w) ilEDT XTI -7z LTE, w DRIATH o DAXAT KD KE
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/* Program name: pcdfile.c */
#include<stdio.h>

#define COMPLETE 1
#define SEMICOMP 2
#define OTHERS 3
#define LT -1
#define EQ O
#define GT 1
#define MINIMUM 1.0e-6
#define YES 1
#define NO O
#define TRUE 1
#define FALSE O

int node, count, opticount;

int compare(float x, float y);

float *getPCD(FILE *fp);

int optimalR(float *sigma);

float *makeSigma(float *epsB);

void swap(int *array, int i, int j);

int *makeUncomp(float *epsB, float *sigma);
int nextOne(int *uncompPair);

float backLength(float *epsB, int *rank);
void genperm(float *epsB);

int main(int argc, char *argv[])
{
int i, j, numberOf \mathrm{OR}, *uncompP, *rank, sumback;
float *epsB, *sigma;
char *ok;
FILE *fp;
if ((fp = fopen(argv[1], "r")) == NULL) {
printf("Input file can’t open!! \n");
return 1;
}
epsB = getPCD(fp);
fclose(fp);
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switch (checkPCD(epsB)) {

case COMPLETE:
printf ("C DY T ITIERE—RLEES T TITT ! I \n");
sigma = makeSigma(epsB);
number0f \mathrm{OR} = optimalR(sigma) ;
break;

case SEMICOMP:
printf ("C DT S T IFEFEE—FLEEI S TITT ! ! \n");
sigma = makeSigma(epsB);
uncompP = makeUncomp(epsB, sigma);

if (uncompP[0] == -1)
number0f \mathrm{OR} = optimalR(sigma) ;
else {
number0f \mathrm{OR} = 0;
do {
for (i = 0; uncompP[i] != -1; i += 2)

sigma[uncompP[i]] += 1.0;
for (i = 0; i < node; i++)
printf("sigmal%d] = %f \n", i, sigmalil);
number0f \mathrm{OR} += optimalR(sigma) ;
for (i = 0; uncompP[i] != -1; i += 2)
sigma[uncompP[i]] -= 1.0;
for (i = 0; i < node; i++)
printf("sigmal%d] = %f \n", i, sigmalil);
} while (nextOne(uncompP) == YES);
}

printf ("the number of total optimal rankings = %d \n", number0Of \mathrm-

break;
case OTHERS:
printf ("ED/MTT ! ' \n");
genperm(epsB) ;
break;
}

return O;

/x T ITDHEA */
int checkPCD(float *epsB)

{

int i, j;
int min = node, mu;

for (i 0; i < node; i++) {
mu = O;
for (j = 0; j < node; j++) {
if (epsB[i * node + j] != 0.0 || epsB[j * node + i] != 0.0)

mu += 1;
}
if (min > mu)
min = mu;
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if (min == node - 1)
return COMPLETE;

else if (min == node - 2)
return SEMICOMP;

else
return OTHERS;

/* sigmal]l DFTE */
float *makeSigma(float *epsB)

{

int i, j;
float *sigma;

sigma = (float *) calloc(node, sizeof(float));
for (i = 0; 1 < node; i++)
for (j = 0; j < node; j++)
sigma[i] += epsB[i * node + j];
for (j = 0; j < node; j++) {
printf("sigmal%d] = %f", j, sigmaljl);
printf("\n");

return sigma;

/* float MLHLEX */
int compare(float x, float y)

{

float difference = x - y;

if (difference < -MINIMUM)
return LT;

if (difference > MINIMUM)
return GT;

else
return EQ;

/x —RLEBTZTEAN */
float *getPCD(FILE *fp)

{

int i, j;
float *epsB;
/* TRREZEAN */

fscanf (fp, "%d", &node);
epsB = (float *) calloc(node * node, sizeof(float));
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while (1) {
fscanf (fp, "%d", &i);
fscanf (fp, "%d", &j);
if (4 '=j) {
fscanf (fp, "%f", &epsB[i * node + jl1);
if (epsB[i * node + j] >= 0.0 && epsB[i * node + j] <= 1.0) {
printf (" AR %d ¥R %d EH Yf", i, j, epsB[i * node + jl);
epsB[j * node + i] = 1.0 - epsB[i * node + j];

else
{
printf("caution : 0 <= E#H <=1 DHETHL>—EAALTTF
LI \n");
epsB[i * node + jl = 0.0;
}
}
else
break;

printf("\n");

printf("\n");

printf ("--————————————— \n");
printf ("AALF=T—%\n");

printf ("\n");

printf ("TERE %d x %d ®% 5 7\n", node, node);

printf (" ")
for (i = 0; i < node; i++)
printf ("%3d ", 1),

printf ("\n");
for (i = 0; i < node; i++) {
printf("%2d | ", 1i);
for (j = 0; j < node; j++)
printf (" %f", epsB[i * node + jl);
printf("\n");
}

return epsB;

/¥ BE—XLET S IORKBIBRLDITERE */

int optimalR(float *sigma)

{
int i, j, count = 0, *temp, tempn, number = 1, factor;
float max;

temp = (int *) calloc(node, sizeof(int));
printf ("optimal ranking(s) = [ ");
while (count < node) {

temp[0] = 0;

max = sigmal[O0];

tempn = 1;

for (i = 1; i < node; i++)
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/* max ZRFT D */
switch (compare(max, sigmali])) {
case LT:
max = sigmali];
tempn = 1;
temp[0] = i;
break;
case EQ:
temp [tempn++] = 1i;
break;
}
count += tempn;
if (tempn == 1) {
printf("%d", temp[0]);

sigma[temp[0]] -= (float) node;
else {
printf("{ ");

factor = 1;
for (j = 0; j < tempn; j++) {
number *= factor++;
printf("%d", templ[jl);
sigma[temp[j]l] -= (float) node;
if (j < tempn - 1)

printf(", ");
}
printf(" }");
}
if (count < node)
printf(", ");

}
printf(" ] \n");
printf ("the number of optimal rankings = ’%d \n", number);
for (i = 0; i < node; i++)
sigmal[i] += (float) node;
free(temp) ;
return number;

/* ZODEBYDODBIEZANRZD */

void swap(int *array, int i, int j)

{
int dummy;
dummy = arrayl[il;
array[i] = arrayl[j];
array[j] = dummy;

}

/* REBMEWMET D */
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int *makeUncomp(float *epsB, float *sigma)

{
int *uncompPair, uncompNo = 0, i, j, m;
uncompNo = 0;
uncompPair = (int *) calloc(node + 1, sizeof(int));
for (i = 0; i < node; i++)
for (j =1 + 1; j < node; j++) {
if (compare(epsB[i * node + j] + epsB[j * node + i], 1.0) == EQ)
continue;
switch (compare(sigmali], sigmalj])) {
case GT:
sigmal[i] += 1.0;
break;
case LT:
sigmalj] += 1.0;
break;
case EQ:
uncompPair [uncompNo++] = i;
uncompPair [uncompNo++] = j;
break;
}
}
uncompPair [uncompNo] = -1;
printf ("uncompNo = %d \n",uncompNo) ;
for (i = 0; i <= uncompNo; i++)
printf ("unconpPair[%d] = %d \n", i, uncompPair[i]);
for (i = 0; i < uncompNo; i++)
printf("sigmal%d] = %f \n", uncompPair[i], sigma[uncompPair[i]]);
return uncompPair;
}

/* ROFTEILT 5 TDHRE */

int nextOne(int *uncompPair)

{
int uncompNo = O0;
do {
swap (uncompPair, uncompNo, uncompNo + 1);
if (uncompPair [uncompNo] > uncompPair [uncompNo + 1])
return YES;
uncompNo += 2;
} while (uncompPair[uncompNo] != -1);
return NO;
}

/x FERDMERDD */
float backLength(float *epsB, int *rank)
{
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int i, j;
float sumback = 0.0;

for (j = 0; j < node - 1; j++)
for (i = j + 1; i < node; i++)
sumback += (i - j) * epsB[(rank[i] - 1) * node + (rank[j] - 1)];
printf ("sumback = %f \n", sumback);
return sumback;

}
/* IEFIAERK */
float put(float *epsB, int pos, int k, int *rank, char *ok,
int *optirank,float minimum)
{
int i, j;
float sumback;
rank[pos] = k;
if (pos == node - 1) {
count++;
printf("%5d: ", count);
for (i = 0; i < node; i++)
printf (" %d", rank[i]);
printf("\n");
sumback = backLength(epsB, rank);
/* RINEHEORSOBIMEZDIELRL DT EREFET D */
switch (compare(minimum, sumback)) {
case EQ:
opticount++;
for (i = 0; i < node; i++)
optirank[opticount * node + i] = rank[i];
break;
case GT:
minimum = sumback;
opticount = O;
for (i = 0; i < node; i++)
optirank[opticount * node + i] = rank[i];
break;
}
printf("now, optimal backward length = %f \n",minimum);
}
else {
ok[k] = FALSE;
/¥ TORIEEHLSFEZRLBNI L ZFEIE */
for (j = 1; j <= node; j++)
if (ok[j1)
minimum = put(epsB, pos + 1, j, rank, ok, optirank, minimum);
/¥ ROMEBICELFEZ DB E VNS LSICESESDERIZFED *+/
ok[k] = TRUE;
}
return minimum;
+
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/x BVEZ */
void genperm(float *epsB)

int k, i, *rank, *optirank;
float minimum;
char *ok;

opticount = O;

count = 0;

rank = (int *) calloc(node, sizeof(int));
optirank = (int *) calloc(node, sizeof(int));
ok = (char *) calloc(node + 1, sizeof(char));
minimum = (float) node * node;

for (k = 1; k <= node; k++)
ok[k] = TRUE;
/¥ B¥1,.. ,node MELFEZASMNESIMNETRTIER ok I
MEMEE LT true 2KAT S */
for (k = 1; k <= node; k++)
minimum = put(epsB, 0, k, rank, ok, optirank, minimum);
/* OBEDHEIZ 155 node FTHHEAND KD IZED */
printf("final optimal backward length = %f \n", minimum);
for (i = 0; i <= opticount; i++) {
printf("optimal rank[%d] = [", i);
for (k = 0; k < node; k++) {
if (k < node - 1)
printf(" %d,",optirank[i * node + k] - 1);
else
printf(" %d ] \n",optirank[i * node + k] - 1);
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