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1 (Flow Analysis)

(Work Center)

(Operation Chart)
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A Absolutely Necessary
E Especially Necessary
| Important
0 Ordinary

Unimportant

X Undesirable

3

(Relationship Diagram)
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TCRIi

TCRi TCRIi
(Total Closeness
Rating) (Total Closeness
Rating with Adjacent Department)

(The Closeness Rating with Distance Between Department)

Maximize V= 1iU 20O v) 5)
1 7=14
1 1 reo u o P
Minimize Z = 6)
VNZ branch and bound

4 (Space Requirement)
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(Space Availability)

(Space Relationship Diagram)

20*30

PS
45

215



PC SR
N
L]
AT PS
IC
10
(

SP. 10,000

PC 6,000

PS 45,00

IC 12,000

XT 15,000

AT 12,500

60,000
PS 11
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I
I
1 XT
IC AT
1 PS XT
7 8 (Modifying Consideration
and Limitation)
(HAVC)
9 (Evaluation)
(Flexibility) (Maintainability)

(Modularity)

(Safety)
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Quadratic Assignment Problems

QAP (Quadratic Assignment
Problems) (Kusiak, 1990)

Koopmans Beckmann (1957)
QAP
ay = / y
fik = / /
i = (unit of material) ] /
X = 1 / j), 0¢ / j)
ay (Total Revenue)
Cji / k
3
HH I‘—fl. ===
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Qi / J
i ] 1) ®)
Fealk +££¢ ¢ fikej!xijxk (1a)
Lawer (1963) bj]kl
a / J
fit = | £
di y /

fikCjl + ay =

- il K jno

b 1)

EEEENVE @)

o REENAR
m k=K j=1 |=1 /= A
@ ()
(Steinberg, 1961)
(Dummy)
ay (identical) (1a)

mnE E E E A w » (1c)
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(1c)
2 -4 Quadratic Assignment Problem
QAP (1a) 2 -@
((Bazarra (1975) Burgard Stratmann (1978)) S
QAP
j
©)
E EEEfi/d x(xu ®)
£*x</ = 1 SIS (6)
/ = 1 [ ——T | (7)
X1 = 0 1 1= 1. = 1. 6)
Ci, j /

(6) - (8 @- @
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Time Complexity

Function

fly)

\

V2
V5
VA
2V

3V

1,000

1,000

1,000

NP-hard

10

10
0.00001 sec
0.001 sec
0.1 sec
2.7 hr
0.001 sec
0.59 sec

3.6 sec

NP-hard

221

NP-hard /(v) (Time Complexity Function)
v
[(v)=v
10 (1x10)
1(v) 2V3V
Time Complexity Function
1
"

20 30 40 50 60
0.00002 sec 0.00003 sec 0.00004 sec 0.00005 sec 0.00006 sec
0.0004 sec 0.0009 sec 0.0016 sec 0.0025 sec 0.0036 sec
3.2 sec 24.3 sec 1.7 min 5.2 min 13 min
118.5 days 18.7 yrs 3.3 centuries 30.9 centuries 192 centuries
1.0 sec 17.9 min 12.7 days 35.7 yrs 366 centuries
58 min 6.5 yrs 3855 centuries 2*10* centuries 1.3*10,3centuries
770 centuries 8.4*10'* yrs 2.5*10acenturies 9.6*10“ centuries 2.6*19“ centuries

V!



Time Complexity Function

2V

3V

NP-hard

v5

f
1000V,
31.62Vj
3.98Va
1.99v

v 5+10

1000

? 1000

V,<10
10<vr<30

30<v,<1000
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A
(Suie, 1994) :
1 Exact Mathematical Programming Procedure
Branch and Bound (Askin strandridge, 1993)
( >15)
2 Heuristics
CRAFT SDPI
3 Probilistic Approach
(Simulation)
4 Graph Theory
(Askin Strandridge, 1993)

Probilistic Approach
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(Suie, 1994)
SDPI GAs
(Pegden ,1995)
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* TCR ( )

« TCR ( )

TCR TCR

311



.3.1.2
GAs
1.
GAs
2.
3.
4
6. 1
3.2

Homomorphic ( , 2537)

TCR

Isomorphic

226

TCR



Fransis

31

(1992)

Isomorphic

Homomorphic

Homomorphic
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34.1 (Verification)

3411 (Face Validity)

412 (Internal Validity)

(Input Variable)

GAs



Michalewicz (1992)

34.1.3
Validity)

(Sensitivity Testing)

3414

229

Goldberg (1974)

(Variable-Parameters

(Hypothesis Validity)



230

.3.4.2 (Validation)

3.4.21

3.4.2.2

3.4.2.3

3424

.3.4.3 (Problems Analysis)
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GAs

PMX, 0X CX

GAs

GAs

GAs

GAs



351

GAs

TCR
10

TCR
10

TCR
20

TCR

10
TCR

10
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(Structure)

Programming)

A
GAs
4
guaclose
guadist
guandist
guaninit

construct.exe
craft
construct

construction

234

OOP (Object Oriented

GAs

guaclose.exe, quadist.exe, quandist.exe

WINDOWS 95

SDPI

GAs

guaninitexe

craft.exe

SDPI

WINDOWS NT



GAs

256

+/- 32526

TCR

(Dummy station)

256

TCR

32526

GAs
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100



quandist

init.dat, frequency.dat

quaclose, quadist

frequency.dat

cost.dat

cost.dat

(Text Editer)

quaclose, quadist

quaclose

guadist

236

init.dat
quaninit
(Text)
init.dat
init.dat



3
1 3
0 1 4
2
guandist frequency.dat cost.dat
quaninit init.dat, frequency.dat cost.dat init.dat
GAs
frequency.dat cost.dat
frequency.dat
cost-dat
0
2
2
0
0
U
0
1
2
1
0
2 quaninit cost.dat

237



0
init.dat

4

[0154723689]

quaninit

init.dat

[2354178690]

frequency.dat

GAs
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4 guaninit init.dat

. GAs
GAs - quaclose, quadist, quandist

guaninit

- PMX, OX CX

GAs 4

gquaclose, quadist, quandist quaninit

(directory) A



20

1 quaclose.exe

2 quadist.exe

3 quandist.exe

4 quanini.exe
1

C:\quality\2_5clonesslinear\quaclose

init.dat
init.dat
frequenct.dat, cost.dat

frequenctdat, cost.dat, init.dat

Program Plant Layout version 101 forcloness

Last update 14/09/97

Enter Generation

Enter Population

Enter Probability PMX
Enter Probability o x

Enter Probability CX

Enter Proability Mutation
How many period for report

How many report chromosome

PMX, OX CX

20

100

10

:0.8

0.1

20

quaclose
quaclose
1
5
input.dat

240
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MemVij is

2000C02 -1413344232004400-1 40000000110200000 -1203
Generation 0 Completed

Generation 1 Completed

Generation 2 Completed

Generation 3 Completed i

Generation 97 Completed
Generation 98 Completed
Generation 99 Completed

Function successfully used time = 1.37 sec.

6
result.txt sumnnary.txt result.txt
(Min)
(Max) (Average)
« ) (STD)
TCR
/ result.txt
summary.txt
TCR

TCR

result.txt summary.txt



Min

19

19

19

19

23

19

19

20

22

18

Max Average
29 23.3
29 24.4
30 24.4
34 28.1
34 27
41 28
41 31.6
41 27.9
41 28.8
41 27.1

7

[Generation 0]

(8]
(0]
(6]
(7]
(1]

8341209657
8341209657
2860459137
9261354078

7831956402

The Best TCR is : 29.000000

Average is : 23.300000

STD.

is : 3.802046

[Generation 20]

(5]
(2]
(0]
(8]

568932 1740 =

5689021743=

5689321740 =

568 392 1740

Sum

233

244

244

281

270

280

316

279

288

271

29.000000

29.000000

26.000000

25.000000

23.000000

STD.

3.802046

3.777124

4.273952

4.863698

4.2947

8.082904

7.426679

6.332456

7.299924

7.309811

[8341209657]

39.000000

39.000000

39.000000

36.000000

String
[8341209657]
[8341209657]
[4856309217]
[1650934287]

[1650934 28 7]

[6147925380]
[6147925380]
[6 14792 5380]
[6147925380]
[6147925380]

result.txt

242
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(9] 5604329817 = 33.000000
The Best TCR is : 39.000000 [5689321740]

Average is : 32.000000
STD. is : 6.548961

[Generation 80]

[1] 6147925380 =  41.000000
[0] 6147925380 =  41.000000
[9] 6179825043 =  38.000000
[8] 8159726340 =  32.000000
2] 8159726034 =  29.000000
The Best TCR is : 41.000000 [6147925380]

Average is : 31.100000
STD. is: 6.573516

summaryt.txt
craft construct GAs
craft cflow.dat fflow.dat
cost.dat frequency.dat fflow.dat

construct cost.dat frequency.dat
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craft

fflow.dat cflow.dat

C:\quantity\craft
Number of seed :1
Number of Row :2

Number of Column 5

9 craft

Seed Random Number

Number of Iteration O

Swap 0 1

7140982563 is 399.827 diff is-27.2577
swap 0 2

4710982563 is431.768 diff is 4.68375

swap 78

2365091847 is 305.308 diff is 22.8913
swap 79

2365097148 is 318.993 diff is 36.5767
swap 8 9

2365097814 is 316.206 diff is 33.7896
summary data

Number of total iteration is 8

Result is

236509784 1is282.416

total used time 3.13 seconds

10 craft



Iteration

construct

C:\quantity\construct

Number of seed :11

Consturct version 1

Last update 23/10/97

Row =2
Coulumn =5
Size =10
Station

[486913507 2]
State [1]

Cost [1] = 3.000000
Cost [2] =6.000000
Cost [3] =9.000000
Cost [4]

12.000000

Cost [5] = 3.000000
Cost [6] =4.4.242640
Cost [7] =6.708204
Cost [8] =9.486833

Cost [9] = 12.369317

frequency.dat

cost.dat

245

SDPI,

construct

Seed Random Number

frequency.dat
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Best Position is 1

State [2]

Cost [2] = 32.000000
Cost [3] =48.000000
Cost [4] =64.000000
Cost [5] =20.000000
Cost [6] = 24.384777
Cost [7] =36.311523
Cost [8] = 50.817814
Cost [9] =66.087212

Best Position is 5

State [9]

Cost [4] =445.608093

Best Position is 4

New station is

[4815269307]

Function successfully used time = 0.39 sec.

construct

construct State
, Cost [ ]

1 Best Position

State []



247

AW&
OO
SRS
SRR
A%%%o»%%%%
RS

&
e e >
I
ORISR

XSRS
& PR
SRSERSIISIERRS >

%%%%%%%%%ﬁ%%%%%&

)
(2]
©
=
o
=
7]

0] © o]
[} o [=)] = = o = B
= £ £ g g © S » 5 8 :
= = c > [« 7] .mu = m m mm

- £ K 3 2 = o 2 = e ¥ g8
5 & — < 3] o c @ 3 = M o c o = S X
° = 5 2 2 5 o ©c »n xx = o = o a2 u
L a o = 32 F < X 5 4 & o 9§ v © K~

A4 & o 004 @ w e N o o +«9 +9 +4 9«4 4 A4 A4 d



1.Foundry

2.Press

3.Drill

4.Grind

5.Machine

6.Weld

7.Tumble

8.Assemble

9.Receiving

10.Shipping

11.Raw material storage

12.WIP storage

13.Finished goods storage

14.Maintenance

15.0ffices

16.Locker room

17.'Exteria'
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Quadist

Quadist

(Total Cloness Rating with Distance Between station) GAs
9

1 Genetic.cpp

2. CostSummary.cpp
3. CrossPMX.cpp

4. CrossOX.cpp

5. CrossCX.cpp

6. Distance.cpp
7. Elitist.cpp
8. Mutation.cpp

9. Reproduct.cpp

RN N N NN NN
/Il File genetic.cpp
Last update 31/05/97

#include <stdio.h>
¢include <stdlib.h>
¢include <math.h>

extern unsigned char ‘Chromosome;
extern signed int ‘MemVij;
extern int Col,Row,size;

int RandomNumber(int interval);
void RandomToPlantLayout(void) ;
float Evaluate(void);
float Dij(int i,int j);

int RandomNumber(int interval) // interval of random value (O-interval)

(
)

return rand()%interval,;

void RandomToPlantLayout(void)

(

int temp;
int attrib;
int i;

for(i=0;i<size;it++)

if (i == 0)
(
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temp=RandomNumber(size);

Chromosomel[i] = (char)temp;
)
else
{
temp=RandomNumber(size);
for(attrib=0;attrib<i;attrib++)
(
if(CChromosomel[attrib] == (unsigned char)temp)
{
temp=RandomNumber(size);
attrib = -1;
if(Chromosome/[attrib] != (unsigned char)temp && attrib == i-1)
break;
)
Chromosomel[attrib+1] = (unsigned char)temp;
L )
)
float Evaluate(void)
{
int i,j,N=0;
float cost;
cost=(float)O;
for(i=0;i<size;i++)
(
for(j=i+l;j<size;j++)
(
cost+=(Dij(i,j)*(float)MemVij[N]);
N++;
}
}
return cost;
float Dij(int i,int j)
{
int xI,x2,yl,y2;
int N,M;
for(N=0;N<size;N++)
if(Chromosome[N]==i) break;
for(M=0;M<size;M++)
if(Chromosome[M]==j) break;
x| = N/Col;
ylI = N%Col;
x2 = M/Col;
y2 = M%Col;
return (float)sqrt(pow ((xl-x2),2)+pow((yl-y2),2));
1 1

Il Pile CostSummary.cpp

/1l Last update 31/05/97

TLEETEPE b rrrrrrd
¢include <stdlib.h>

¢include <stdio.h>

¢include <conio.h>

¢include <math.h>

¢include <time.h>

extern unsigned char *ChromosomeBuffer; /'l Buffer for string
extern int population,size;

extern float ¢ CostBuffer;

extern int generation;

float CostMin(void);
float CostMax(void);
float CostAvg(void);
float CostSum(void);
double STD(void);

float CostSum(void)

‘ int i
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float sum;
for(i=0;i<population;i++)

sum+=CostBuffer[i] ;
return sum;

}
float CostMin(void)
{ ] ]
int 1
float min;
min=CostBuffer|[0];
for(i=0; i<population;i++)
if(min > CostBuffer[i])
) min=CostBuffer[i];
return min;
)
float CostMax(void)
{
int [
float max;
max=CostBuffer[0];
for(i=0;i<population;i++)
iftltmax < CostBuffer[i])
(
max=CostBuffer[i] ;
J=i;
}
return max;
)
float CostAvg(void)
{
return CostSum()/ (float)population;
>

double STD(void)

{ . .
int i;
double avg;
double std=(double)O;
avg=CostAvg();
for(i=0;depopulation;i++)
std+-pow((double)(CostBuffer[il-avg), (double)2);
return sqrt((double)std/(double)(population-1));
)

I N NN
/Il File CrossPMX.epp

/1l Last update 31/05/97

I NN NN
¢include <stdio.h>

¢include <stdlib.h>

¢include <conio.h>

¢include <time.h>

/1 Function are not is this file

void Copyltem(unsigned char *Soure,int soure,unsigned char ‘Destination,int
destination);

void UpdateCost(void);

extern unsigned char ‘ChromosomeBuffer; /1 Buffer for string
extern int population;
extern int size;

extern FILE ‘file;

/1 Function are in this file

void AllocRanDomProbPMX(void);

void AllocindexProbPMX(void);

void CrossOver_PMX(float Prob_PMX);

void CrossPMX(int first,int second);

void Map(unsigned char ‘Tempi,int i,unsigned char ‘Temp2,int j);
void ShowValuePMX(void);

void AllocParentPMX(int first,int second);

void Definelnterval(void);

void SelectProbPMX(float prob);
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float ‘RanDomProb;

int ‘IndexProb;

int count;

unsigned char *Parentl ,*Parent2,temp;
int intervall,interval2;

void AllocRanDomProbPMX(void)

{
int i;
RanDomProb = (float *)malloc(sizeof(float)'population);
if(RanDomProb == NULL)
{
printfC'Not enough memmory for RanDomProb...\n");
exit(0);
/1 srand( (unsigned)time( NULL ) );
for(i=0;i<population;l++)
(
RanDomProb[i]=(float)(rand()*rand()%1000000)/(float)1000000;
/1 fprintf(file,"% f\t", RanDomProbl[i]);
)
)
void AllocindexProbPMX(void)
{
IndexProb=(int *)malloc(sizeof(int)* (count+1));
ifdndexProb == NULL)
{
printfC'Not enough memmory for IndesPMX...\n");
exit(0);
)
>

void Map(unsigned char *Templ,int i,unsigned char *Temp2,int j)

(
Tempi(i ]=Temp2[j];
)
void ShowValuePMX(void)
{
int i;
fprintf(file,"[ ");
for(i=0;i<size;i++)
<
if(i== intervall Il i == interval2+l)
fprintf(file ,"1 ");
fprintf(file,"% d ",Parentl(i]);
fprintf(file,"1\ ") ;
fprintf(file,"[ ");
for(i=0;i<size;i++)
if(i == intervall tI i * interval2+l)
fprintf(file,"1 ");
fprintf(file,"% d ",Parent2[i]);
fprintf(file,"]J\n\ ");
)
void AllocParentPMX(int first,int second)
(
Parentl=(unsigned char *(malloc(sizeof(char)*size) ;
if(Parentl — NULL)
(
printf("Not enough memmory for Parentl...\n");
exit(0);

Parent2=(unsigned char *)malloc(sizeof(char)*size) ;
if(Parent2 ==NULL)
(
printfC'Not enough memmory for Parent2...\n");
exit(0);
) _
Copyltem(ChromosomeBuffer,first,Parentl, 0);
Copyltem(ChromosomeBuffer,second, Parent2, 0) ;



void Definelnterval(void)

*

intervall=rand()%size;

while(intervall < 1 Il intervall >= size-2);
/1 fprintf(file,"Interval 1 = %d\ ",intervall);
do

interval2=rand()%size;
while(interval2 <= intervall Il interval2 > size-2)
I fprintf(file,"Interval 2 = %d\n",interval2);

void CrossPMX(int first,int second)

int i,j;
AllocParentPMX(first,second);
DefinelntervalO ;

/1 ShowValuePMX();
for(i=intervall;i<=interval2;i++)
(

temp=Parentl[i] ;
Parentl(i]J=Parent2[i] ;
Parent2[i]=temp;

for(i=0;i<intervall;i+ +)

(
for(j“intervall;j<=interval2;j++)
if(Parentl[i]““Parentl[j]
(
Map(Parentl,i,Parent2,j);
j=rntervall-1l;
>
)
for(j=intervall;j<=interval2;j++)
if(Parent2[i)==Parent2(j])
(
Map(Parent2,i,Parentl,j);
j=intervall-I;
}
}
)
for(i=interval2+l;i<size;i>+)
(

for(j“intervall;j<=interval2;j++)

(
if(Parentl[i]*““Parenti[jD
(
Map(Parentl,i,Parent2,j);
j=intervall-I;
)
for(j“intervall;j<“interval2; j++)
{
if(Parent2[i]==Parent2[j])
(
Map(Parent2,i,Parentl,j);
j=intervall-I;
>
}

Copyltem(Parentl,0,ChromosomeBuffer, first) ;

Copyltem(Parent2,0,ChroraosomeBuffer, second) ;
/1 ShowValuePMX();

free(Parentl);

free(Parent2)J

)

void SelectProbPMX(float prob)
(

I/ fprintf (file, "Select ....... A ¢
i"o;
for (i=0; Kpopulation; i++)

(



if(RanDomProb[i] <= prob)

(

IndexProb(j]=i;

i+

if(i%6 == 5) fprintf(file,"\ ");fprintf(file,"% d\t",i);
)

void CrossOver_PMX(float Prob_PMX)

}

if(Prob_PMX == 0) return;
AllocRanDomProbPMX();
count=0;

for(i=0;i<population;i++)
if(RanDomProb[i] <= Prob_PMX) count++;
fprintf(file,"\nCount = %d\ ", count);
AllocindexProbPMX();
SelectProbPMX(Prob_PMX);
fprintf(file,"\n");
if(count%?2 == 1) count—;
for(i=0;iccount;i+=2)
{
fprintf(file,"[%d % d]\n",IndexProb[i],IndexProb[i+1]);
CrossPMX(IndexProbli], IndexProb[i+1J);

)

UpdateCost();
free(IndexProb);
free(RanDomProb);
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/1 File CrossOX.cpp

/'l Last update 31/05/97
PETLLLEE e rrrrrrd
tinclude <stdio.h>
¢include <stdlib.h>
¢include <conio.h>
einclude ctime.h”-

extern
extern
extern
extern

void Copyltemtunsigned char *Soure,int soure,unsigned char ‘Destination,int

unsigned char *ChromosomeBuffer; /'l Buffer for string
int size;

int population;

FILE *file;

destination);
void UpdateCost(void);

unsigned char ‘Parentoxi,*ParentOX2;
int intervallox,interval20X;

float
int
int
char

‘RanDomProbOX;

‘IndexProbOX;
CountOX;

hole="*";

unsigned char ‘Tempi,*Temp2,*TempF,*TempM;
void ShowValueOX(void);

void CrossOX(void);

void AllocRanDomProbOX();

void DefinelntervalO X (void);

void AllocParentOX(int first,int second);
void SelectProbOX(float prob);

void AllocindexProbOX();

void ShowValueOX(void)

(

fprintf(file,"[ ");
for(i=0;i<size;i++)

if(i== intervallox 11 i == interval20X+]I)
fprintf(file,"1 ");
if(Parentoxi[i] == hole) fprintf(file,"e ");

else fprintf(file,"% d ",Parentoxi[i]);



fprintf(file,"]\n");
fprintf (file, "[ ");
for(i=0;i<size;i++)

(
if(i == intervallOX 11 i == interval20X+1)
fprintf(file,"1 ");
if(ParentO X2[i] == hole) fprintf(file,"# ");
else fprintf(file,"% d ",ParentOX2[i]);
>
fprintf(file,"1\n");
}
void AllocRanDomProbOX(void)
(
int i;
RanDomProbOX = (float *)malloc(sizeof(float)*population);
if(RanDomProbOX == NULL)
{
printfC'Not enough memmory for RanDomProbOX...\n");
exit(0);
>
I srand( (unsigned)time( NULL ) );
for(i=0;i<population;i++)
(
RanDomProbO XJ[i]=(float)(rand()*rand()%1000000)/ (float)1000000
/1 if(i == 5) fprintf(file,"\ ");
/1 fprintf(file,"% f\t",RanDomProbO X[i]);
)
)
void AllocindexProbOX(void)
<
IndexProbOX=(int *)malloc(sizeof(int)* (CountOX+1));
if(lndexProbOX == NULL)
{
printfC'Not enough memmory for IndesOX. ..\ ");
exit(0);
)
>

void AllocParentOX(int first,int second)

{
ParencOXI=(unsigned char *(malloc(sizeof(char)*size) ;
if(Parentoxi == NULL)
(
printfC'Not enough memmory for Parentoxi...\ ");
exit(0);
)
ParentOX2=(unsigned char *)malloc(sizeof(char)*size);
if(ParentOX2 ==NULL)
{
printfC'Not enough memmory for ParentOX2...\n") ;
exit(0);
)
Copyltem(ChromosomeBuffer,first,Parentoxi,0);
Copyltem(ChromosomeBuffer,second,Parent0X2,0);
)
void Definelntervaiox(void)
! .
intervallO X=rand()%size;
while(intervallox < 1 Il intervallox >= size-2);
/1l fprintf(file,"IntervalO X 1 =%d\ ",intervallox);
do
interval20X=rand()%size;
while(interval20X <= intervallox Il interval20X > size-2);
/1l fprintf(file,"IntervalO X 2 =%d\ ",interval20X);
)
void SelectProbOX(float prob)
<
I/ fprintf(file ,"\nSelect\n");
j-0;

for(i=0;i<population;i++)



<
if(RanDomProbOXfi] <= prob)
{
IndexProbOX[J J=i;
it
V/4 if(i%6 “=5) fprintf(file
// fprintf(File,"%d\t”,1);
)
3
V/4 fprintf(File, '"\n"),
))
void CrossOX(int first,int second)
{

int i,j;

AllocParentO X(first,second);

DefinelntervalO X ();

11 ShowValueOX() ;
11 fprintf (file,"-- \n");
for(i=0;i<size;i++)

( »
TempF[I]“Tempi [i]“Parentoxi[i];
TempMIJ[i]J=Temp2[i]=ParentOX2[i];

}

for(i=0;i<size;i++)

{
for(“interval10X; j<=interval20X;j++)
if(Parentoxi[i]==Temp2[j] Parentoxi[i]=hole;
for“interval10X;j<=interval20X;j++)
if(ParentOX2[i]““Tempi[JD ParentOX2(i)“hole;

}

/1 ShowValueOX();
I/ fprintf (file, " \n");

i"o;

for(j=interval20X +1;j<size;j++)

{

Tempi[i]*Parentoxi[j];
Temp2(i]J=ParentOX2[]];
i++;

)
for(j“0;j<=interval20X; j++)

{
Tempili]*Parentoxi[j];
Temp2[i]J=ParentOX2t ];
i++;
)
for(i=0;i<size;i++)
if(Tempi[i] == hole)
(
for(j=i;j<size;j++)
{ if(Tempi[j] !'= hole) break;
)
if(!=size)
Templ[i]=Templ[j];
Tempi[J]“hole;
>
else Tempi[i]“Tempi[j];
)
>
for(i=0;i<size;i++)

{
if(Temp2[i] ““ hole)
{ for(=i;j<size;j++)
{
if(Temp2 tj] != hole) break;

)if(j I“Size)
{ Temp2[iJ=Temp2[j]1;
Temp2(G]“hole;

t)alse Temp2[i]=Temp2(1;

// Hole “ Oxff

11 Hole = Oxff
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//

)
i1=0;
for=interval20X+1;j<size;j++)
{
ParentoxI[j)=Templ P i;
ParentOX2[J]=Temp2 li l;

i++;

}

for (§=0; j<=interval 20X; j++)

{
Parentoxitj]=Templ[i]
ParentOX2[z J=Temp2[i]
i++;

}
for(i=intervallOX;i<=interval20X; i+)
{
Parentoxi[i]=TempM[i];
ParentOX2[i]=TempF[i];

CopyltemfParentoxi ,0,ChromosomeBuffer, first) ;
Copy ltem(Parent0X2,0,ChromosomeBuffer, second) ;
ShowvalueOXQ;

free(Parentoxi);

free (Parent0X2);

void CrossOver_OX(float Prob_OX)

(

11

i

Il

i

)

int i;
unsigned char eosl,eo0s2;
if(Prob_OX == 0) return;

Templ=(unsigned char *Jmalloc(sizeof(char)*size) ;
Temp2=(unsigned char *)malloc(sizeof(char)*size);
TempF=(unsigned char *(malloc(sizeof(char)*size);
TempM=(unsigned char *)malloc(sizeof(char)*size);
eosl=Templ[sizel];
eos2=Temp2[size];
Tempi[size]=hole;
Temp2[size]=hole;
AllocRanDomProbOX() ;
CountOX=0;
for(i=0;i<population;i++)

if(RanDomProbOXJ[i] <= Proo_OX) CountOX++;
fprintf(file,"CountO X = %d\ ",CountOX);
AllocindexProbO X ();
SelectProbOX(Prob_0OX);
fprintf(file,”\n"7;
if (CountOX%2 == 1) CountOX—;
for(i=0;i<CountOX;i+=2)

1 fprintf(file,"[%d %d]\n",IndexProbO X[i],IndexProbO X[i+I]);
CrossOX(IndexProbOXTi], IndexProbO X[i+1]);

fprintf(file,"\n");
Tempi[size]l=eosl;
Temp2[size]=eo0s2;
UpdateCost() ;
free(Tempi);
free(Temp2);
free(TempF);
free(TempM);
free(IndexProbOX);
free(RanDomProbOX);
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I
I

File CrossCX.cpp
Last update 31/05/97

I NN
#include <stdio.h>
#include <stdlib.h>
([include <conio.h>
#include <time.h>

void Copyltem(unsigned char *Soure,int soure,unsigned char ‘Destination,int

destination);
void UpdateCost(void);



extern unsigned char *ChromosomeBuffer; /1 Buffer for string
extern int population;
extern int size;
extern FILE *file;

void AllocParentCX(int first,int second);
void AllocRanDomProbCX(void);

void SelectProbCX(float prob);

void AllocindexProbCX(void);

void ShowValueCX(void);

unsigned char ‘Parentcxi,*ParentCX2;
float ‘RanDomProbCX;

int ‘IndexProbCX;

int CountCX;

void ShowValueCX(void)

(
S S .- . ..,,1l.»to<1111,,
fprintf(file,"\n");
fer(i=0~ S e , ' e*d '.,Parentcx2(il,;
fprintf(file,"\n") ;
)
void AllocRanDomProbCX(void)
{
int i;
RanDomProbCX = (float *)m alloc(sizeof(float)'population);
if(RanDomProbCX == NULL)
<
printfC'Not enough memmory for RanDomProbOX...\n");
e xit(0);
>
11 srand( (unsigned)time( NULL ) );
for(i=0;i<population;i++)
{
RanDomProbCXJ[i]=(float)(rand()*rand()% 1000000)/(float)1000000;
/1 if(i%6 == 5) fprintf(file,"\n");
11 fprintf(file,"% f\t",RanDomProbCX(i));
}
)
void AllocindexProbCX(void)
(
IndexProbCX=(int *(malloc(sizeof(int)* (CountCX+1));
if(lIndexProbCX == NULL)
{
printfC'Not enough memmory for IndesCX...\n");
e xit(0);
>
}
void AllocParentCX(int first,int second)
(
Parentcxl=(unsigned char *)malloc(sizeof(char)*size);
if(Parentcxi == NULL)
{
printfC'Not enough memmory for Parentcxi...\n");
exit(0);
ParentCX2=(unsigned char *)malloc(sizeof(char)*size);
if(ParentCX2 ==NULL)
(
printfC'Not enough memmory for ParentCX2...\n");
exit (0);
Copyltem(ChromosomeBuffer,first, Parentcxi,0);
Copyltem(ChromosomeBuffer,second,ParentCX2,0);
)
void SelectProbCX(float prob)
{
I/ fprintf(file,"SelectNn");

j=0;
for(i=0;Kpopulation;i++)
{



if(RanDomProbCX[i] <= prob)

{
IndexProbCX[j )=1i;
jt+;
11 if(i==5) fprintf(file,"
11 fprintf(file,"% d\t",i);
)
)
11 fprintf(file, "\n\n");

)

void CrossCX(int first,int second)
<
AllocParentCX(first,second);
int i,mark=0;
unsigned char first_value,swap_tmp,temp;
11 ShowValueCX();
temp=ParentCX2[0];
first_value=ParentC XI[0] ;
for(i=0;i<size;i++)
{
if(Parentcxi[i]J==temp s& i != mark)
{
swap_tmp=ParentCXI[i] ;
Parentcxi[i]J=ParentCX2[i] ;
ParentCX2[i]=swap_tmp;
temp=ParentCXI[i] ;
mark=i;
i = -1;
)
}

for(i=0;i<size;i++)

swap_tmp=ParentCXI[i] ;
Parentcxi[i]J=ParentCX2[i] ;
ParentCX2J[i]=swap_tmp;

}

/1 ShowValueCX (); fprintf (file, " ) o
CopyltemfParentCXI,0,ChromosomeBuffer, first) ;
Copyltem(ParentCX2,0,ChromosomeBuffer, second) ;

)

void CrossOver_CX(float Prob_CX)
{

if(Prob_CX == 0) return;
Countcx=0;
AllocRanDomProbCX();
for(i=0;ikpopulation; i++)
if(RanDomProbCXJ[i] <= Prob_CX) CountCX++;
/1 fprintf(file,"CountCX =%d\ ",CountCX);
AllocindexProbCX();
SelectProbCX(Prob_CX);
!/l fprintf(file,"\n"T;
if(CountCX*2 == 1) CountCX--;
for(i=0;i<CountCX;i+=2)

/1 fprintf(file,” [%d %d]\n",IndexProbCX[i], IndexProbCXTJ[i+1]);
CrossCX(IndexProbCX(i),IndexProbCXJ[i+1]);

I fprintf(file,"\n");
UpdateCost();
)

1 1

Il File Distance.cpp
/1l Last update 31/05/97
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linclude <stdio.h>
einclude <stdlib.h>
¢include <conio.h>
¢include <malloc.h>
einclude <string.h>
einclude <time.h>

unsigned char *Chromosome,*ChromosomeBuffer,*ChromosomeTemp,*BestChromosome;

for String

/1

Buffer



signed int
float

int

float

int

int

int

int

FILE
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+MemVij; /1 Buffer for store vij
Prob_PMX,Prob_OX,Prob_CX,Prob_M,mutat;
Row,Col,size;
¢Cost,*CostBuffer,«CostTemp,BestCost;
population;
generation;
mark([20]; /lused for check number of first string
interval,total; /lused for check interval
¢ file ," summary;

/1 Functions are not in this file.
void RandomToPlantLayout(void) ;
float Evaluate(void);

float CostMin(void);

float CostMax(void);

float CostAvg(void) ;

float CostSum(void);

double STD(void);

void CostReproduct(void) ;

void CrossOver_PMX(float Prob_PMX);
void CrossOver_OX(float Prob_OX);
void CrossOver_CX(float Prob_CX);
void Mutate(float mutate);

void E litist(void);

/1l Functions are in this file.
int TotalWeight(int N);

void AllocDig(void);

void AllocVi](void):

void initial(void);

void AllocCostBuffer(void);
void AllocChromosome(void);
void SavePlantLayout(int pop);
void SaveToFile(int Generation);
void ShowChromosome(void);

void SaveBest(void);

void UpdateCost(void);

void SummaryToFile(int gen);

int NeverMark(int end,int key) ;

int NeverMark(int end,int key)

{
int i;
for(i=0;i<end;i++)
if(mark[i] == key) return O;
return 1;
)
void SummaryToFile(int gen)
(
int i,j,k;
float inin;

fprintf ( mary, "[Generation %d]\n", gen) ;
min=CostMax();
for(i=0i<total;i++)

{
for(k=0;k<population;k++)
if(CostBuffer[k]<=min ss NeverMark(i,k))
{
min=CostBuffer[k];
markl[i]l=k;
)
)
fprintf(summary," [% d]\t",mark[i]);
for(j=0;j<size;j++)
fprintf(summary,"%d ",ChromosomeBuffer[size'markl[i]l+j]);
fprintf(summary,” =\t% f\ ",CostBuffer[marklil]);
min=CostMax();
fprintf(summary,"\nThe Best Cost is % f\t",BestCost);

fprintf(summary,"[ ");
for(i=0;i<size,l++)

fprintf(summary,"%d ",Bestchromosomel[i]);

fprintf(summary,"]1\n") ;
fprintf(summary,"Averang is : %f\n",CostAvg());
fprintf(summary,"STD is © %f\n\ ",STD());



}
void UpdateCost(void)
{
int i,j;
for(i=0;i<population; i++)
(
for{j=0;j<size;j++)
Chromosome[j ]=ChromosomeBuffer[i*size+j);
CostBuffer[i]*Evaluate();
}
)
void ShowChromosome(void)
(
int i;
/*
for(i=0;i<population; i++)
{
fprintf(file,"[% d]\t",i) ;
for(j=0;j<size;j++)
fprintf(file,"% d ",ChromosomeBuffer[size'i+ j]);
fprintf(file," =\t% f\ ",CostBuffer[i]);
}
*/

fprintf(file,"% f\t",CostMin());
fprintf(file,"% f\t",CostM ax()) ;
fprintf(file,"% f\t",CostAvg());
fprintf(file,"% f\t",CostSum());
fprintf(file,"% f\t", STD()) ;

/1 fprintf(file,"The Best Cost is = %f\n",BestCost);
fprintf(file ,"[ ");
for(i=0;i<size;i++)

fprintf(file,"% d " ,Bestchromosoraeli] );

fprintf (file, "] )

}

int TotalWeight(int N) // Formular N=N-I+N-2+N-3...+1

if(N > 1)
return N+TotalWeight(N-I);
else return 1;

)
void AllocDij(void) Il Allocate memory for construct string
{
Chromosome = (unsigned char *)malloc(size*sizeof(char));
if(Chromosome == NULL)
(
printfC'Not enough memmory for \"Chromosome\"\n");
e xit(0);
)
)

/1 Allocate memmory for weight table and input weight in term continue
Il Input : None
Il Output: Enter value in pointer MemVij
void AllocVij(void)
<
FILE ‘input;

if(input == NULL)

(
printfC'Can not open file input.dat\n");
e xit(0);

}

fgets(buffer,5,input);

sscanf(buffer,"% d", SRow); /Il Get ROW

fgets(buffer,5,input);

sscanf(buffer,"% d", &Col); Il Get COL

size=Row*Col;

weight = TotalWeight(size-1); Il Find total of weight
printf("weight = %d\ ", weight) ;

MemVij = (int *(malloc(weight*sizeof(weight));// Alloc memmory for input weight

if(MemVij == NULL)
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prmth'Not enough memmory for \"MemVij\"\ ");
ex1t(0);

for( 0;icweight;it+)

fgets(buffer 15 input);
gcang(buffer "Id" g emVij[i]);

rintf("Memvij |s\ f
r(i=0ji<wejght;i++ -
N prlntf? %d MemVij[i]);

los {lnput)
)

void AllocCostBuffer(void)

(
CostBuffer=(float *(malloc(sizeof(float) population
i osth ¢ i NUEL) (sizeof(float) population);

grlntt(fo() Not enough memmory for V'CostBuffer\"\n");
X1 :

A

pri
for
fc

ostTemp= roat *Imalloc(sizeof(float) ‘population):
1f(CostT epm U?_L) ( ( )'pop )

p=
g |Ptt{é:)Not enough memmory for V'CostTemp\"\n");

)
}

void AllocChromosomeBuffer(void)

( ChromosomeBuffer= (un5|gned char *)malloc(size*sizeof(char)‘population)
if(ChromosomeBuffer =="NULL)

prlntfd"Not enough memmory for V'ChromosomeBuffer\" ");
exi1t(0);

Chro romosomeTemp= (un5|gned char *)malloc(size*sizeof(char)‘population);
if(ChromosomeTemp =="NULL)

{ prmtt{é:)Not enough memmory for \"ChromosomeTemp\"\n");
exit(0);

B stChromosome= (un5|gned char *)malloc(size*sizeof(char));
if(ChromosomeTemp =="NULL)

t printfC'Not enough memmory for V'Best Chromosomel" "),
exit(0);

void SavePlantLayout(int pop)
(
int i;
for(i=0ji<size;i++)
ChromosomeBuffer[pop*size+i]J=Chromosome(i];

)

void SaveToFile(int Generation)
( _
fclose (file);
fclose(summary);

)

void initial(void)

{

printf("Enter Generation : ");scanf("%d",igeneration);
printf("Enter Population : ");scanf("%d",spopulation);
printf ("Enter Probability PMX - ");scanf("%f", SProb_PMX);
printf("Enter Probability OX ");scanf("%f",&Prob~0X);
printf("Enter Probability CX ");scanf("%f" ,&Prob~CX);
printf("Enter Mutate ");scanf("%f", Smutat);

printfC '"How many period for report ");scanf("%d",sinterval
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printfC'How many report chromosome "); scant ("%d",stotal) ;
AllocVijoO ; Il Build relationship chart table
AllocCostBuffer();

AllocDijoO ; /1 Build plant layout

AllocChromosomeBuffer();
file=fopen("result.txt","wt");

if(file == NULL)

(
printfC'Can not open file \"RESULT.T X T\ ");
exit(0);

)

summary=fopen("summary.txt"," t");

if(file == NULL)

(

printfC'Can not open file \"SUMMARY.TXT );
e xit(0);

11 srand( (unsigned)time( NULL ) );
for(i=0;ikpopulation;i++)

(
RandomToPlantLayout();
SavePlantLayout(i);
CostBuffer[i]=Evaluate();
}

void main(void)
<
int i;
clock_t start, finish;
double use;
printf("Program Plant Layout version 1.00\n"); Il Show version
printf("Last update 08/03/97\n\n");
initial();
fprintf(file,"Program Plant Layout version 1.00\ ")
fprintf(file,"Last update 08/03/97\n\n");
start=clock();
BestCost=CostMax();
for(i=0;ikgeneration;i++)
I { fprintf(file, "Generation %d\ ",i);
SaveBest();
I ShowChromosome();
11 fprintf(file,"\n[Reproduct]\n");
CostReproduct();
SaveBest();
/1 ShowChromosome();
11 fprintf(file,"\ [Cross Over Prob PMXJ\n");
CrossOver_PMX(Prob_PMX)
SaveBest();
Il ShowChromosome();
Il fprintf(file,"\n[Cross Over Prob OX]\n");
CrossOver_OX(Prob_OX);
SaveBest();
I/ ShowChromosome();
Il fprintf(file,"\n[Cross Over Prob CX] )
CrossOver_CX(Prob_CX);
SaveBest();
11 ShowChromosome();
11 fprintf (file, "\n[Mutate] \ ") ;
Mutate(mutat);
SaveBest();
E litist();
ShowChromosome() ;
printf("Generation %d CompletedNn", i) ;
if(io interval == 0) SummaryToFile(i) ;

%,av.eToFiIe i);

finish=clock();.

use=(double)(finish-start)/CLOCKS_PER_SEC;

printf ("Function sucessfully used time = %.2f sec.\ ', use);
free(Bestchromosome);

freeEChromosomeBuffer);

free(CostBuffer);

free(ChromosomeTemp);

free(CostTemp);

free(MemVij);
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)

/*

printfC'Not enough memory for Gene\n");
e xit(0);

void RandomChromosome(void)

(

)
int

(

}
*1

int size,Population;
for(Population=0;Population<population;Population++)

{
for(Size=0;Size<size;Size++)
' 4.
{
ChromosomeBuffer((Population*size)+Size]=rand()%size;
) while(Redundant(Population,size));
}
>
for(Population=0;Population<population;Population++)
{
printf("Level %d \t[ ",Population);
for(Size=0;Size<size;size++)
{
printf("% d ",ChromosomeBuffer[(Population*size)+size]);
printf("]\n");
)

Redundant(int pop,int siz)

for(i=0i<siz;i++)

265

if(ChromosomeBuffer[ (pop*size)+siz) == ChromosomeBuffer[ (pop*size)+i])

return 1;
>
return O;

void RandomMutate(void)

(
11

Il
/1

)

int i;
srand( (unsigned)time( NULL ) );
for(i=0;i<population*size; i++)

Gene[i]l] =(float) (rand()*rand0 %1000000)/ (float)1000000;
if(i%6 == 5) fprintf (file, " )
fprintf(file,"% f\t",Genel[X]);

void SelectMutate(void)

{

I

int i;

fprintf(file,"NnSelect MutateXn");
for(i=0;i<population*size;i++)

if(Genel[i] <= mutate)

{
)

Mutation (i);

void Mutation(int position)

(

Il

%d\

int pop,siz;
int swaper;
unsigned char temp;

pop = position/size;
siz = position%size;
fprintf(file,"(Expected Mutation=%d]StPercent mutate = %f\ Chromosome

Logus = % d\n",position,Gene[position],pop,siz);



swaper=size;
I/ ShowChromosome(pop,siz,swaper) ;
/1 srandl (unsigned)time( NULL ) );

do

(

swaper=rand()%size;

) while(swaper == siz) ;

/1 ShowChromosome(pop,siz, swaper) ;

temp=ChromosomeBuffer[ (pop*size)+siz] ;

ChromosomeBuffer[ (pop*size)+siz] =

ChromosomeBuffer[ (pop*size)+swaper];

ChromosomeBuffer[ (pop*size)fswaper) = temp;
I/ ShowChromosome(pop,SlZ,swaper);
void ShowChromosome(int pop,int siz,int swaper)
(
int i;
11 fprintf(file,"Chromosome %d \t[",pop);
for(i=0;i<size;i++)
(
if(i == siz Il i == swaper) fprintf(file,"1");
else fprintf(file," ");
fprintf(file,"% d",ChromosomeBuffer[ (pop*size )+ i]);
if(i “esiz Il i == swaper) fprintf(file,"1");
else fprintf(file," ");
fprintf(file,"]1\ ")
1

void Mutate(float mutat)

<
mutate=mutat;
InitialMutate ();
RandomMutate ();
SelectMutate() ;
UpdateCost();
free(Gene);

}
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/1 File Reproduct.cpp

FELELEEE i i i i rrrrrn

linclude
tinclude
#include

<stdlib.h>
<stdio.h>
<conio.h>
¢include <math.h>
einclude <time.h>
extern unsigned char
extern int

extern float

extern FILE *file;
/1 Function are not in
float CostSum(void);
void UpdateCost(void);
/1 Function are in this
void Alloclndex(void);
void AllocProb(void);
void AllocCumulative(void);
void CostReproduct(void);
void Copyltern(unsigned char
destination);

int ‘Index;
float *Prob, Cumulative;

population,size;

this file

file

*Soure,int

void Allocindex(void)

‘ChromosomeBuffer,*ChroraosomeTemp; Il

soure,unsigned char

Buffer for string

*CostBuffer,*CostTemp;

‘Destination,int

Index...\ ");

( Index=(int *)malloc(population*sizeof(int));
if(lndex ““ NULL)
( printf("Not enough memmory for
e xit(0);
)
)

void AllocProb(void)
(



Prob=(float *)malloc(population*sizeof(float));

i f (Prob == NULL)
(
printf ("Notenough memmory for Prob... )
exit (0);
)
)
void AllocCumulative(void)
(
Cumulative = (float *)malloc(population*sizeof(float));
if(Cumulative == NULL)
<
printf ("Not enough memmory for Cumulative ...\ ");
exit (0);
)
)

void Copyltem(unsigned char ‘Soure,int soure,unsigned char ‘Destination,int
destination)

{ . .
int i;
for(i=0;i<size;i++)
Destination[destination*size+i]=Soure[soure*size+i];
if(Soure " ChromosomeTemp)
CostBuffer[destination]=CostTemp[soure] ;
if(Soure == ChromosomeBuffer)
CostTemp[destination]=CostBuffer[soure];
)
void CcstReproduct(void)
( float sum,roulette;
int i,
Allocindex();
AllocProb();
AllocCumulative();
/1 fprintf(file,"CostSum()-Cost\nCostSum = %d\ ", CostSum());
for(i=0;i<population;i++)
(

Cumulative[i] = CostSuml)-CostBuffer[il];
I/ fprintf(file ," [x%d]\t%f - %f = %f\n",i,CostSuml),CostBuffer
[i],Cumulativelil);

LECCEEEEEEEE e e e PP R EEEEEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey

sum=(float)O0;
for(i=0;i<population;i++)
sum+-Cumulativel[i] ;
11 fprintf(file,"\nSum of (CostSum-Cost) = %f\n",sum);
PILTLTET i
11 fprintf(file,"Prob Sum(CostSum-Cost)/(CostSum-Cost)\n");
for(i=0;i<population;i++)
(
Prob[i]“*Cumulative[i]l/sum;
/1 fprintf(file," [%d]\t%f / % = %f\ ",i,Cumulativel[i],sum, Probli])
)

PIOTLEEE T i i i rrririr
Cumulative[0]“Prob[0];

for(i=lji<population;i++)
Cumulativeli]“ProbJ[i]J+Cumulative[i-11];
/1 fprintf(file,"\nCumulative\n") ;
/1 for(i=0;i<population;i++)
/1 (
1l if(i == 5) fprintf(file,"\n");
/1 fprintf(file,"% f\t", Cumulativeli]);
/1 )
I/ fprintf (file, " )

PIOTLEEEE T i b r i rrririr
11 fprintf(file,"RouletteNn");
/1 srand( (unsigned)time( NULL ) );

for(j=0;j<population;j++)

roulette=(float)(rand()*rand()% 1000000)/(flo at)1000000;
I/ if (j==5) fprintf(file,"” ");fprintf(file, "% f\t",roulette);
for(i=0;icpopulation;i++)

(



Il
/1
/1

/1
I
I
I
I
I
I
/1

if(roulette > Cumulative(i) ss roulette <= Cumulativel[i+1])

(
Index[j]"i+1;
break;
)
if(roulette <= Cumulative[0])
(
Index[j ]=0;
break;
}

}

)

fprintf(file,"\n\n");

for(i=0;i<population;i++)

(
if(i == 5) fprintf(file,”\ ");
fprintf(file,"Index[%d] = % d\t",i,Index][i]);

SNN 10 o Vi V////@/11IIA\VIII4
for(i=0;i<population;i++)
CopyltemiChroraosomeBuffer, Index [i], ChromosomeTemp, i) ;
for(i=0;i<population;i++)

fprintf(file,"[% d]\t[ ",i);
for(j=0;j<size;j++)

fprintf(file,"% d ",ChromosomeBuffer[size*i+j]);
fprintf(file,"] = %f ",CostBuffer[i]);
fprintf(file,"[% d]\t( ",Indexti]);
for(j=0;j<size;j++)

fprintf(file,"% d ",ChromosomeTemp[size*i+j]);

fprintf(file,"] = %f ",CostTemp(i]);
fprintf(file, \n");

}

fprintf(file,"\n");

for(i=0;i<population;i++)
Copyltem(ChromosomeTemp,i,ChromosomeBuffer,i);

free (Cumulative) ;
free(Prob);
free (Index! ;

268
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Quaclose

Quaclose

(Total Cloness Rating with Cloness between station)
9

1 Genetic.cpp

2. CostSummary.cpp
3. CrossPMX.cpp

4. CrossOX.cpp

5. CrossCX.cpp

6. Cloness.cpp

7. Elitist.cpp

8. Mutation.cpp

9. Reproduct.cpp

PILTLEEE i i r i r i
/1l File Genetic.cpp

/1l Last update 31/05/97

PIETLEEE i i rrrirrr
¢include <stdio.h>

¢include <stdlib.h>

¢include <math.h>

extern unsigned char ‘Chromosome;

extern signed int ‘MemVij;

extern int Col,Row,size;

int RandomNumber(int interval);

void RandomToPlantLayout(void) ;

float Evaluate(void);

float Dij(int i,int j);

int RandomNumber(int interval) // interval of random value (O-interval)
{

return rand()%interval;
>

void RandomToPlantLayout(void)
( _
int temp;
int attrib;
int i;
for(i=0;i<size;i++)

if (i == 0)

<
temp=RandomNumber(size);
Chromosomel[i) = (char)temp;



}
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else
{
temp=RandomNumber(size);
for(attrib=0;attribci;attrib++)
if(Chromosome[attrib] == (unsigned char)temp)
(
temp=RandomNumber(size);
attrib = -1;
if(CChromosome[attrib] != (unsigned char)temp & attrib == i-1)
break;
}
Chromosomelattrib+1] = (unsigned char)temp;
)

float Evaluate(void)

{

)

float

(

1

int i,j,N=0;
float cost;
cost=(float)O;
for(i=0ji<size;i++)

{
for(j=i+l;j<size; j++)
{
cost+=(Dij(i,j)*(float)yMemVij[N]);
N++;
}
)

return cost;

Dij(int i,int j)

int xI,x2,yl,y2;

int N,M;

int X,Y;

for(N=0;N<size;N++)
if(Chromosome[N]==i) break;

for(M=0;M<size;M++)
if(Chromosome[M]==j) break;

x|l = N/Col;
yl = N%Col;
x2 - M/Col;
y2 = M%Col;

return (float)sqrt(pow ((xI1-x2)12)+pow((yl-y2),2));
X = abs(xI-x2);

Y = abs(yl-y2);

if(X <= 1 & Y <= 1) return (float)l,;

else return (float)O;

PHLTETEE L i rrrrrirr

/1 File CostSummary.cpp

/l Last update 31/05/97

PHILZ i i i rirrrrrrr
¢include <stdlib.h>

¢include <stdio.h>

¢include <conio.h>

¢include <math.h>

¢include <time.h>

extern
extern
extern
extern
float
float
float
float
double

float

(

unsigned char *ChromosomeBuffer; /1 Buffer for string
int population,size;

float *CostBuffer;

int generation;

CostMin(void);

CostMax(void);

CostAvg(void);

CostSum(void);

STD(void);

CostSum (void)

int i;
float sum;



271

for(i=0;i<population; i++)
sum+-CostBuffer[i];
return sum;

)
float CostMin(void)
(
int i;
float min;
min=CostBuffer[0];
for(i=0;i<population; i++)
if(min > CostBufferl[i])
min=CostBuffer[i] ;
return min;
)
float CostMax(void)
{
int iy
float max;
max=CostBuffer[0] ;
for(i=0i<population;i++)
iflmax < CostBuffer[i])
{
max=CostBuffer[i];
=1
}
return max;
}
float CostAvg(void)
<
return CostSum()/ (float)population;
)
double STD(void)
{
int i;
double avg;
double std=(double)O;
avg=CostAvg();
for(i=0;i<population;i++)
std+=pow((double)(CostBuffer[il-avg), (double)2);
return sqrt((double)std/(double)(population-1));
}

/1 File CrossFMX.cpp

// Last update 31/05/97

PHLETPT i rrrrirrlz
¢include <stdio.h>

einclude <stdlib.h>

¢include <conio.h>

einclude <time.h>

/1 Function are not is this file

void Copyltem(unsigned char *Soure,int soure,unsigned char ~"Destination,int
destination);

void UpdateCost(void);

extern unsigned char *ChromosomeBuffer; /1 Buffer for string
extern int population;
extern int size;

extern FILE *file;

/1 Function are in this file

void AllocRanDomProbPMX(void) ;

void AllocindexProbPMX(void);

void CrossOver_PMX(float Prob_PMX);

void CrossPMX(int first,int second);

void Maplunsigned char *Templ,int i,unsigned char *Temp2,int j);
void ShowValuePMX(void);

void AllocParentPMX(int first,int second);
void Definelnterval(void);

void SelectProbPMX(float prob);

float *RanDomProb;
int *IndexProb;
int count;
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unsigned char *Parentl ,*Parent2,temp;
int intervall, interval-

void AllocRanDomProbPMX(void)

{
int i;
RanDomProb = (float *)malloc(sizeof(float)' population);
if(RanDomProb — NULL)
{
printfC'Not enough memmory for RanDomProb. ..\ ");
exit(0);
>
/1 srand( (unsigned)time( NULL ) );
for(i=0;i<population;i++)
{
RanDomProbJ[i]l=(float)(rand()*rand()% 1000000)/(float)1000000;
/1 fprintf(file,"% f\t” ,RanDomProb(i));
)
}
void AllocindexProbPMX(void)
{
IndexProb=(int *)malloc(sizeof(int)* (count+1));
ifdndexProb == NULL)
(
printfC 'Not enough memmory for IndesPMX...\n");
exit (0);
}
}
void Map(unsigned char "Tempi,int i,unsigned char *Temp2,int j)
(
Templ[i ]=Temp2{j];
}
void ShowValuePMX(void)
<
fprintf (file, "( ');
for(i=0;i<size;i++)
{
if(i== intervall 11 i == interval2+l)
fprintf(file,"1 ");
fprintf(file,"% d ",Parentl[i]);
)
fprintf(file,")\ ")
fprintf(file ,"( ");
for(i=0;i<size;i++)
{
if(i == intervall 1l i == interval2+l)
fprintf(file,"1 ");
fprintf(file,"% d ",Parent2[i]);
fprintf(file,")\n\ ") ;
)
void AllocParentPMX(int first,int second)
{
Parentl=(unsigned char *(malloc(sizeof(char)’'size) ;
if(Parentl == NULL)
{
printfC'Not enough memmory for Parentl...\n");
exit(0);
)
Parent2=(unsigned char *)malloc(sizeof(char)’size) ;
if (Parent2 ==NULL)
(
printfC'Not enough memmory for Parent2...\n");
e xit(0);
Copyltem(ChromosomeBuffer,first,Parentl, 0);
Copyltem(ChromosomeBuffer,second,Parent2,0) ;
)

void Defjnelnterval(void)



intervall=rand()%size;
while(intervall < 1 Il intervall >= size-2);

/1l fprintf(file,"Interval 1 = %d\ ",intervall);
do
interval2=rand()%size;
while(interval2 <= intervall Il interval2 > size-2)
/1l fprintf(file,"Interval 2 = %d\ ",interval2);

)

void CrossPMX(int first,int second)

{ _ o
int i, j;
AllocParentPMX(first,second) ;
Definelntervalz)

I ShowValuePMX();
for(i=zintervallji<=interval2;i++)

1

temp=Parentl[i];
Parentl[i]=Parent2][i];
Parent2[i]=temp;

}
for(i=0;i<intervall;i++)
{
for(j=intervall;j<=interval!2;j++)
{
if(Parentl[i]J==Parentl[j])
{
Map(Parentl,i,Parent2,j);
j=intervall-I;
)
}
for(j“intervall;j<=interval2;j++)
if(Parent2[i]==Parent2[j])
{
Map(Parent2,i,Parentl,j);
j=intervall-I;
}
>
}
for(i=interval2+l;i<size;i++)
{
for(j=intervall;j<=interval2;j++)
{ . - :
if(Parentl[i]==Parentl[j])
{
Map(Parentl,i,Parent2,j);
j=intervall-I;
)
>

for(j=intervall;j<=interval2;j++)

if(Parent2[i]J==Parent2[j])

(
Map(Parent2,i,Parentl,j);
j=intervall-I;

}

Copyltem(Parentl,0,ChromosomeBuffer,first);
Copyltem(Parent2,0,ChromosomeBuffer,second);

I ShowValuePMX();
free(Parentl);
free(Parent?);
}
void SelectProbPMX(float prob)
{
11/ fprintf (file, "Select ... ),

j=0;
for(i=0;Kpopulation;i++)

{ if(RanDomProb[i] <= prob)
{ IndexProb[j]=i:

i+
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I/ if(iud == 5) fprintf(file,"\n");fprintf(file,"% d\t",i);
}
)
}
void CrossOver_PMX(float Prob_PMX)
{
if(Prob_PMX == 0) return;
AllocRanDomProbPMX();
count=0;

for(i=0;i<population;i++)
if(RanDomProb[i] <= Prob_PMX) count++;
11 fprintf(file ,"\nCount = %d\ ",count);
AllocindexProbPMX();
SelectProbPMX(Prob_PMX);

11 fprintf(file,”\n");
if(count%2 == 1) count—;
for(i=0;i<count;i+=2)
{
11 fprintf(file," [%d % d]\n",IndexProb[i],IndexProb[i+1]);
CrossPMX(IndexProb[i],IndexProb(i+1));
)
UpdateCost();

free(IndexProb);
free(RanDomProb);

}

IR NN NN N RNy
/1 File CrossOX.cpp

/1l Last update 31/05/97

PEETLEE i r i it i rrrr i
#include <stdio.h>

tinclude <stdlib.h>

((include <conio.h>

tinclude <time.h>

extern unsigned char *ChromosomeBuffer; // Buffer for string
extern int size;

extern int population;

extern FILE *file;

void Copyltem(unsigned char *Soure,int soure,unsigned char *Destination,int
destination);

void UpdateCost(void);

unsigned char *ParentOXIl,*ParentOX2;

int intervallox,interval20X;

float *RanDomProbOX;

int *IndexProbOX;

int CountOX;

char hole="*";

unsigned char *Templ,*Temp2,*TempF,*TempM;
void ShowValueOX(void);

void CrossOX(void);

void AllocRanDomProbOX();

void DefinelntervalO X (void);

void AllocParentOX(int first,int second);
void SelectProbOX(float prob);

void AlloclndexProbOX();

void ShowValueOX(void)
(

fprintf(file,”( ");
for(i=0i<size;i++)

( if(i== intervallox 11 i == interval20X+1)
fprintf(file ,"1 ");
if(Parentoxi[i] == hole) fprintf(file K6 "# ");
else fprintf(file,"% d ",Parentoxili]);

)

fprintf(file,")\n">;
fprintf(file,"[ ");
for(i=0;i<size;i++)

if(i == intervallox 11
fprintf(file, "1

interval20X+1)




if(ParentO X2[i] == hole) fprintf(file , "# ");
else fprintf(file, "%d ",ParentOX2[i]);

fprintf(file,")\n");

void AllocRanDomProbOX(void)

(
int i;
RanDomProbOX = (float *)mallocisizeof(float)'population);
if(RanDomProbOX == NULL)
(
printfC'Not enough memmory for RanDomProbOX...\n");
e xit(0);
)
11 srand( (unsigned)time( NULL ) );
for(i=0;i<population;i++)
(
RanDomProbOXIJi]= (float)(rand () rand()% 1000000)/(float)1000000;
11 if(i == 5) fprintf(file,"\n");
11 fprintf(file,”%f\t",RanDomProbOX[i]);
)
>

void AlloclindexProbOX(void)

{
IndexProbOX=(int *)malloc(sizeof(int)* (CountOX+1));
if(lIndexProbOX == NULL)
{
printf("Not enough memmory for IndesOX. .."' ");
exit(0);
}
)
void AllocParentOX(int first,int second)
{
ParentOXl=(unsigned char *)malloc(sizeof(char)‘size);
if(Parentoxl == NULL)
{
printf("Not enough memmory for Parentoxl...\ ");
e xit(0);
>
ParentOX2=(unsigned char *)malloc(sizeof(char)‘size);
if(ParentOX2 ==NULL)
(
printfC'Not enough memmory for ParentOX2 ...\ ");
e xit(0);
)
Copyltem(ChromosomeBuffer,first,Parentoxl,0);
Copyltem(ChromosomeBuffer,second, ParentOX2,0) ;
)
void DefinelntervalO X (void)
{
do
intervallOX=rand()%size;
while(intervallox < 1 Il intervallox >= size-2);
Il fprintf(file,"IntervalOX 1 = %d\n",intervallox);
do
interval20X=rand()%size;
while(interval20X <= intervallox Il interval20X > size-2);
11 fprintf(file,"IntervalO X 2 = %d\ ",interval20X);
>

void SelectProbOX(float prob)

(
Il fprintf(file ,"\nSelect\n") ;
i=0;
for(i=0;Kpopulation; i++)
(
if(RanDomProbOX[i] <= prob)
{
IndexProbOXI[j =i;
11 if(i% ==5) fprintf(file,n");

11 fprintf(file,"% d\t",i);



11
}

}

fprintf(file , ");

void CrossOX(int first,int second)

f

Il
11

/1
/1

int

i

AllocParentOX(first,second);
DefinelntervalO X ();

ShowValueOX();

fprintf (file, " \n");
for(i=0;i<size;i++)

)

TempF[i]J=Templ[i]J=ParentO XI[i];
TempMJ[i)=Temp2 [i] =ParentOX2 [i] ;

for(i=0;i<size;i++)

{

for(j=intervallO X;j<=interval20X;j++)

if (Parentoxi[i]J==Temp2[j]) Parentoxl[i]“hole;

for(j“intervallO X;j<=interval20X;j++)

if(ParentOX2[i]““Tempi[j]) ParentOX2J[i]“hole;

}
ShowValueOX();

fprintf (file, " \n");

i-0;

for(j=interval20X +1;j<size;j++)

{
Tempil[i]“ParentoxI{j ];
Temp2[i]=ParentOX2[3];
i++;

)

for(j=0;j<=interval20X;j++)

{
Tempili]l=ParentOXI[j ];
Temp2[i ]-ParentOX2[3];
i++;

)

for(i=0;i<size;i++)

>

if(Tempil[i] == hole)
(
for(j=i;j<size;j++)
if(Templ[j] '= hole)
if(jl=size)
{
Tempi[i]=Templ(j];
Tempi[j]=hole;
>

else Tempilil]“Tempilj];
)

for(i=0;i<size;i++)

(

/

if(Temp2[i] == hole)
{
for(j=i;j<size;j++)
if(Temp2[j] !'= hole)
if(j'l=size)
{
Temp2[i ]=Temp2[j ];
Temp2[ji“hole;
)

else Temp2[i]=Temp2[j];

fo r(j=interva|20X+I;j?size;j++)

(

ParentO XI[j]=Templ[i];
ParentOX2(3]1=Temp2[i ];

break;

break;

11

11

Hole

Hole

O xff

O x ff

276
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[++:
>
for(j=0;j<=interval20X;j++)
<

ParentoxI[j)“Tempi[i] ;
ParentOX2[]]1=Temp?2[i] ;
i++;

for(i=zintervallO X;i<=interval20X;i++)
{
ParentoxI[i]J=TempM  [i];
ParentOX2[i]=TempF[i];
)
Copyltem(ParentOXI,0,ChromosomeBuffer,first);
Copyltem(ParentOX2,0,ChromosomeBuffer,second);
/1 ShowValueOX();
free(Parentoxl);
free(ParentOX2);

}
void CrossOver_OX(float Prob_OX)
(
int i;
unsigned char eosl,eos2;
if(Prob_OX == 0) return;

Templ=(unsigned char *)malloc(sizeof(char)‘size);
Temp2=(unsigned char »imalloc(sizeof(char)‘size);
TempF=(unsigned char *)malloc(sizeof(char)‘size);
TempM=(unsigned char *)malloc(sizeof(char)‘size);
eosl“Templ[size];
eos2=Temp2[sizel;
Tempi[size]“hole;
Temp2[size]“hole;
AllocRanDomProbOX() ;
CountOX=0;
for(i=0;i<population;i++)

if(RanDomProbOXfi] <= Prob_OX) CountOX++;

/1l fprintf(file,"CountO X = %d\ ",CountOX);

AllocindexProbO X();
SelectProbOX(Prob_0OX);

/1 fprintf (file, ' ) ;
if(CountOX%2 == 1) CountOX—;
for(i=0;i<CountOX;i+=2)
{
I/ fprintf (file, " [%d %d] , IndexProbOX [i] ,IndexProbOX [i+1]

CrossOX(IndexProbOX]Ji],IndexProbO X[i+1]);

)

11 fprintf (file, " ") ;
Tempi[sizel=eosl;
Temp2[size]=eo0s2;
UpdateCost();
free(Tempi);
free(Temp2);
free(TempF);
free(TempM);
free(IndexProbOX);
free(RanDomProbOX) ;

)

PETLLLLI i i i i i i
/1l File CrossCX.cpp

/!l Last update 31/05/97

PETLLILL i i i
¢include <stdio.h>

¢include <stdlib.h>

¢include <conio.h>

¢include <time.h>

void Copyltem(unsigned char *Soure,int soure,unsigned char ‘Destination,int
destination);
void UpdateCost(void);

extern unsigned char ‘ChromosomeBuffer; /1 Buffer for string
extern int population;
extern int size;

extern FILE ‘file;
void AllocParentCX(int first,int second);
void AllocRanDomProbCX(void) ;



void SelectProbCX(float prob);

void AllocindexProbCX(void) ;

void ShowValueCX(void);

unsigned char ‘Parentcxl,*ParentCX2;
float ‘ RanDomProbCX;

int ‘IndexProbCX;

int CountCX;

void ShowValueCX(void)

(
", ParentcxItil,,
fprintf(file,"\n");
", ParentCX2 (i ]1);
fprintf(file ," ")
)
void AllocRanDomProbCX(void)
(
int i;
RanDomProbCX = (float *)malloc(sizeof(float) ' population);
if(RanDomProbCX == NULL)
(
printff'Not enough memmory for RanDomProbOX. .. ")
e xit(0);
I srand( (unsigned)time( NULL ) );
for(i=0;i<population;i++)
{
RanDomProbCXJi]=(float)(rand()‘rand 0 %1000000)/ (float) 1000000
Il if(i% “« 5) fprintf(file," N
/1 fprintf(file,"% f t", RanDomProbCXJ[i]);
)
}
void AlloclndexProbCX(void)
(
IndexProbCX=(int *IJmalloc(sizeof(int)* (CountCX+1));
if(lndexProbCX == NULL)
{
printfC'Not enough memmory for IndesCX. .. ")
e xit(0);
)
}
void AllocParentCX(int first,int second)
(
ParentCXl=(unsigned char *)malloc(sizeof(char)‘size);
if(Parentcxl == NULL)
(
printf("Not enough memmory for Parentcxl...\n");
e xit(0);
)
ParentCX2=(unsigned char *Jmalloc(sizeof(char)‘size);
if(ParentCX2 ==NULL)
(
printfC'Not enough memmory for ParentCX2... ")
e xit(0);
CopyltemfChromosomeBuffer, first, Parentcxl,0);
Copyltem(ChromosomeBuffer, second,ParentCX2,0);
)
void SelectProbCX(float prob)
(
11 fprintf(file,"Select\n");
i-0;
for(i=0;i<population;i++)
(

if(RanDomProbCXJ[i] <= prob)

(
IndexProbCX[j)=1i;

I if(i==5) fprintf(file," ");
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| fprintf(file,"% d\t",i);

)
Il fprintf(file,"\n\n");
)
VOICI crosscX(int first,int second)
(

AllocParentCX(first,second);
int i,mark=0;
unsigned char first_value,swap_tmp,temp;
/1 ShowValueCX();
temp=ParentCX2[0];
first_value=ParentCXI[0];
for(i=0;i<size;i++)
( if(Parentcxi(i]==temp Si i != mark)
( swap_tmp=ParentCXI[i] ;
ParentcxlI[i )=ParentCX2[i ];
ParentCX2[i]J=swap_tmp;
temp=ParentC XI[i];
mark=i;
i = -1;
)

for(i=0;i<size;i++)

swap_tmp=ParentCXI[i] ;
Parentcxl[i]J=ParentCX2]Ji] ;
ParentCX2[i]J=swap_tmp;
1/ )ShowVaIueCX();fprintf(file,”\ )N
Copyltem (Parentcxl,0,ChromosomeBuffer, first) ;
Copyltem(ParentCX2,0,ChromosomeBuffer,second);

}

void CrossOver_CX(float Prob_CX)
(

if(Prob_CX == 0) return;
Countex=0;
AllocRanDomProbCX();
for(i=0;Kpopulation;i++)
if(RanDomProbCX[i] <= Prob_CX) CountCX++;
1 fprintf(file,"CountCX = %d\ ",CountCX) ;
AllocindexProbCX();
SelectProbCX(Prob_CX);
Il fprintf(file,"\n");
if (CountCX%2 — 1) CountCX—;
for(i=0;i<CountCX;i+"2)

Il fprintf(file,” [%d %d]\n",IndexProbCXI[i],IndexProbCX[i+1]);
CrossCX(IndexProbCXJi],IndexProbCXJ[i+1]);

U fprintf(file,"\n");
UpdateCost ();

Il File Cloness.cpp

Il Last update 31/05/97

PETLELLE i i
¢include <stdio.h>

¢include <stdlib.h>

¢include <conio.h>

¢include <malloc.h>

¢include <string.h>

einclude <time.h>

unsigned char ‘Chromosome,'ChromosomeBuffer,' ChromosomeTemp,' Bestchromosome; 1/
Buffer for string

signed int ‘MemVij; /1 Buffer for store vij

float Prob_PMX,Prob_OX,Prob_CX,Prob_M,mutat;

int Row,Col,size;

float ‘Cost,'CostBuffer,"CostTemp,BestCost;

int population;



int generation;

int mark[100];
int interval,total
FILE ¢ file, " summary;

Il Functions are not in this file.
void RandomToPlantLayout(void);
float Evaluate(void),

float CostMin(void)
float CostMax(void)
float CostAvg(void)
float CostSum(void)
double STD(void);
void CostReproduct(void);

void CrossOver_PMX(float Prob_PMX);
void CrossOver_OX(float Prob_0X);
void CrossOver_CX(float ProbCX);
void Mutate(float mutate);

void Elitist(void);

Il Functions are in this file.

int TotalWeight(int N);

void AllocDi](void);

void AllocVi](void);

void initial(void);

void AllocCostBuffer(void);

void AllocChromosome(void);

void SavePlantLayout(int pop);

void SaveToFile(int Generation);
void ShowChromosome(void);

void SaveBest(void);

void UpdateCost(void);

void SummaryToFile(int gen);

int NeverMark(int end,int key);

int NeverMark(int end,int key)

{
int i
for(i-07? i<end;i++)
if(mark[i] — key) return 0;
return 1;
)

void SummaryToFile(int gen)

int i,j,k;
float inax,maxtemp;
fprintf(summary," [Generation %d] ",gen);

maxtemp=CostMin();
for(i=0;i<total;i++)

{
max=maxtemp;
for(k=0;k<population; kt++)
<
if(CostBuffer[k] >= max & NeverMark(ik))
{
max=CostBuffer[k];
mark[i]=k;
)
fprintf (summary, " [%d] \t'"",markl[i] );
for(j=0;j<size;j++)
fprintf(summary,"%d ",ChromosomeBuffer[size*mark[i]+j1)
fprintf(summary,"” =\t%f ",CostBuffer[markl[il]);
fprintf(summary,” The Best Cost is : %f\t",BestCost);

fprintf (summary, " [ '¢);
for(i=0;i<size;i++)

fprintf(summary,"%d ",Bestchromosomeli]);
fprintf(summary,"] ")
fprintf(summary,"Averang is % f\n",CostAvg());
fprintf(summary,"STD is %f ", STD());
)
void UpdateCost(void)
{

int i,j;
for(i=0;i<population;it+)
{



for(j“0;j<size;j++)
Chromosome[j]“ChromosomeBuffer[i*size+j];
CostBuffer[i]*Evaluate() ;

)

void ShowChromosome(void)

{
int i;
/*
for(i=0;i<population;i++)
printf("[% d]\t",i);
for(j=0;j<size;j++)
printf("%d ",ChromosomeBuffer[size*i+j]);
printf(" =\t%f\ ", CostBuffer[i]);
)
*/
fprintf(file,"% f\t",CostMin());
fprintf(file,"% f\t",CostMax());
fprintf(file,"% f\t",CostAvg());
fprintf(file,"% f\t",CostSum());
fprintf(file,"% f\t",STD ());
fprintf(file,n[ ");
for(i=0;i<size;i++)
fprintf(file,"% d ",Bestchromosomeli]);
fprintf (file, "] )
)
int TotalWeight(int N) // Formular N=N-[+N-2+N-3...+1
<
if(N > 1)
return N+TotalWeight(N-I);
else return 1;
)
void AllocDij(void) /1 Allocate memory for construct string
{
Chromosome = (unsigned char *)malloc(size*sizeof(char));
if(Chromosome == NULL)
{
printf("Not enough memmory for \"Chromosome\"\n");
e xit(0);
}
)

/1 Allocate memmory for weight table and input weight in term continue
// Input : None
// Output: Enter value in pointer MemVij
void AllocVij(void)
{
FILE winput;
char buffer[10];
int weight,i;
input=fopen("input.dat","rt");
if(input == NULL)

printf("Can not open file input.dat\n");
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e xit(0);
)
fgets(buffer, ,input);
sscanf(buffer,"% d",SRow); /1 Get ROW
fgets(buffer,7,input);
sscanf(buffer,"%d",&Col); /1l Get COL
size=Row*Col;
weight = TotalWeight(size-1); /1 Find total of weight
printf("weight = %d\ ",weight);
MemVij = (int *)malloc(weight*sizeof(weight));// Alloc memmory for input weight
if(MemVij == NULL)
(

printf("Not enough memmory for V'MemVij\"\n");
e xit(0);

)

for(i“0;i<weight;i++)

(



fgets(buffer,7,input);
sscanf(buffer,"% d",SMemVij[i]);

printf("MemVij is\n");

for (i=0;Kweight; i++)
printf("%d ",MemVij[i]);

printf("\ ");

fclose(input);

}
void AllocCostBuffer(void)
(
CostBuffer=(float *)malloc(sizeof(float)*population);
if(CostBuffer == NULL)
(
printf("Not enough memmory for \"CostBuffer\"\n");
e xit(0);
CostTemp=(float *)malloc(sizeof(float)«xpopulation);
if(Costlemp == NULL)
{
printf (“"Not enough menimory for \"CostTemp\"\n");
e xit(0);
}
}
void AllocChromosomeBuffer(void)
{
ChromosomeBuffer=(unsigned char *)malloc(size*sizeof(char)«population)
if(ChromosomeBuffer == NULL)
(
printf("Not enough memmory for \"ChromosomeBuffer\"\n");
e xit(0);
) : \ : _
ChromosomeTemp=(unsigned char *)malloc(size*sizeof(char)«population);
if(ChromosomeTemp == NULL)
{
printf("Not enough memmory for \"ChromosomeTemp\"\n");
e xit(0);
BestChromosome=(unsigned char *)malloc(size*sizeof(char));
if(ChromosomeTemp == NULL)
<
printf ("Not enough memmory for V'Best ChromosomeV'N ");
exit (0);
)
}

void SavePlantLayout(int pop)
(
int i;
for(i=0;i<size; i++)
ChromosomeBuffer[pop*size+i]=Chromosome[i] ;

void SaveToFile(int Generation)

(
fclose(file);
fclose(summary);

}

void initial(void)

( o
int i;
printf("Enter Generation ");scanf("%d",igeneration);
printf("Enter Population ");scanf("%d", ipopulation);
printf("Enter Probability PMX ");scanf("%f",&Prob_PMX);
printf("Enter Probability oX ");scanf("%f", SProb_OX);
printf("Enter Probability cx ")y ;scanf ("% f",sProb~CX);
printf("Enter Mutate : ");scanf("%f", smutat);
printf("How many period for report : ");scanf("%d", iinterval),
printfC'How many report chromosome : "); scanf ("%d",stotal) ;
AllocVij(); Il Build relationship chart table
AllocCostBuffer();
AllocDijO ; Il Build plant layout

AllocChromosomeBuffer();
file=fopen("result.txt"1"wt");
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if (file -= NULL)
{
printfCCan not open file \"RESULT.TXT\" \ ");
e xit(0);
)
summary=fopen("summary.txt","wt");
if(file == NULL)
{
printfCCan not open file V'SUMMARY.TXTV )
exit(0);
/1 srand( (unsigned)time( NULL ) );
for(i=0;i<population;i++)
{
RandomToPlantLayout() ;
SavePlantLayout(i);
CostBuffer[l]=Evaluate();
)

)

void main(void)

{
int i;
clock_t start, finish;
double use;

char *version="Program Plant Laout version 1.01 for ClossNessNnLast update
14/09/97\n";

printf("% ",version); // Show version
initial();
fprintf(file ,"% ",version);

T E |
CrossOver_OX(Prob_OX);
SaveBest();
CrossOver_CX(Prcb_CX);
SaveBest();
Mutate(mutat);
SaveBest();

E litist();
ShowChromosome();
printf("Generation %d Completed\ ",i) ;
if(i% interval “- 0)
SummaryToFile(i);
>

SaveToFile(i);
finish=clock();
use=(double)(finish-start)/ CLOCKS_PER_SEC;
printf("Function sucessfully used time = %2.2f sec.\ ",use);
free(Bestchromosome);
free(ChromosomeBuffer);
free(CostBuffer);
free(ChromosomeTemp);
free(CostTemp);
free(MemVij);
>

o VUVEEES i i i it bbb bbb b i i i i i i i i i i iiiiiriiiiigg
Il File Elitist.cpp

/1l Last update 31/05/97

I NNy
#include <stdio.h>

#include <stdlib.h>

#include <conio.h>

float CostMin(void);

void Copyltem(unsigned char *Soure,int soure,unsigned char *Destination, int
destination) ;

float CostMax(void);
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)
int

{

{

ChromosomeBuffer!(Population*size)+size]l=rand()%size;

} while(Redundant(Population, size));

)

f>or(PopuIation:O;PopuIation<popu|ation;Population++)

{ printf("Level %d \'t( "(Population);
for(Size=0;Size<size;size++)
{ printf("% d ",ChromosomeBuffer[(Population*size;+size]);
printf("]\ ");

)

Redundant(int pop,int siz)

int i;
for(i=0;i<siz;i++)
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if(ChromosomeBuffer!(pop*size)+siz] == ChromosomeBuffer!(pop*size)+i))

return 1;

}

return O;

void RandomMutate(void)

Il

I
I

1

int i;
stand( (unsigned)time( NULL ) );
for(i=0;i<population*size;i++)

Geneli]- (float)(rand()*rand()% 1000000)/(float)1000000;
if(i% == 5) fprintf(file,"\n");
fprintf(file,"% f\t",Genelil );

void SelectMutate(void)

11

}

int i;

fprintf(file,"\nSelect MutateNn");
for(i=0;i<population*size;i++)
(
if(Genel[i] <= mutate)
!
Mutation (i);

void Mutation(int position)

Il

%d\

Il
I

11

int pop,siz;
int swaper;
unsigned char temp;

pop - position/size;

siz = position%size;

fprintf(file," [Expected Mutation=%d]\tPercent mutate = %f\ Chromosome
Logus = %d\ ",position,Gene[position],pop,siz);

swaper=size;
ShowChromosome(pop, siz, swaper) ;
srandl (unsigned)time( NULL ) );
do
(

swaper=rand()%size;
) while(swaper == siz);
ShowChromosome(pop,siz, swaper) ;
terap=ChromosomeBuffer[ (pop*size)+siz];
ChromosomeBuffer[ (pop*size)+siz] = ChromosomeBuffer!(pop*size)+swaperl;
ChromosomeBuffer[ (pop*size)tswaperl = temp;
ShowChromosome(pop,SlZ,swaper);



void ShowChromosome(int pop,int siz,int swaper)

{

int i;
/1 fprintf(file,"Chromosome % \t[",pop);

for(i=0;i<size;i++)

( if(i == siz Il i == swaper) fprintf(file,"1");
else fprintf(file," ");
fprintf(file,"% d”,ChromosomeBuffer[ (pop*size )+ i],;
if(i == siz Il i — swaper) fprintf(file,"1");
else fprintf(file ," ");

fprintf(file ,"]\n");

)

void Mutate(float mutat)

(
mutate=mutat;
InitialMutate ();
RandomMutate();
SelectMutate();
UpdateCost();
free(Gene);

)
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// File Reproduct.cpp
Last update 31/05/97

|| WHbrrrtrrzmizll
((include <stdlib.h>
((include <stdio.h>
¢include <conio.h>
¢include <math.h>
¢include <time.h>

extern unsigned char *ChromosomeBuffer,*ChromosomeTemp, /1
extern int population,size;
extern float *CostBuffer, *CostTemp;

extern FILE *file;

/1 Function are not in this file
float CostSum(void);

void UpdateCost(void);

/1 Function are in this file
void Allocindex(void);

void AllocProb(void);

void AllocCumulative(void);
void CostReproduct(void);

Buffer

for

string

void Copyltem(unsigned char *Soure,int soure,unsigned char ‘Destination,int

destination);
int ‘Index;
float *Prob,  Cumulative;

void Alloclindex(void)
{
Index=(int *)malloc(population*sizeof(int));
if(Index == NULL)
(
printf("Not enough memmory for Index...\ ");
e xit(0);

void AllocProb(void)

{
Prob=(float *)malloc(population*sizeof(float));
if(Prob == NULL)
{
printf("Notenough memmory for Prob...\n");
e xit(0);
}
)

void AllocCumulative(void)

{
Cumulative” (float *)malloc(population*sizeof(float));
if(Cumulative == NULL)
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printfC'Not enough memmory for Cumulative ... )
exit (0);

)

void Copyltemfunsigned char *Soure,int soure,unsigned char ‘Destination,int
destination)

{ o
int i;
for(i=0;i<size;i++)
Destination[destination*size+i]J=Soure[soure*size+i];
if(Soure * ChromosomeTemp)
CostBuffer[destination] =CostTemp[soure];
if(Soure == ChromosomeBuffer)
CostTemp[destination]=CostBuffer[soure] ;
}

void CostReproduct(void)
(
float sum,roulette;
int [
Allocindex();
AllocProb();
AllocCumulative();
sum=(float)O0;
for(i=0;i<population;i++)
sum+-CostBufferl[i] ;
for(i=0;i<population;i++)
Prob[i]=CostBuffer[i]l/sum;
Cumulative[0]=Prob[0];
for(i=l;i<population;i++)
Cumulative[i]=Prob[i]J+Cumulativel[i-1];
for(j=0;j<population;j++)

{
roulette=(float)(rand()*rand()% 1000000)/(flo at)1000000;
for(i=0;i<population;i++)
{
if(roulette > Cumulative[i] && roulette <= Cumulative[i+1])
{
Index[j]l=i+1;
break;
)
Il if(roulette <= Cumulative[0])
else
{
Index[j]=0;
break;
}
1
)

for (i=0;Kpopulation;i++)
Copyltern(ChromosomeBuffer,Index[i], ChromosomeTemp,i);
for(i=0;i<population;i++)
Copyltem(ChromosomeTemp,i,ChromosomeBuffer,i);
UpdateCost();
free(Cumulative);
free(Prob);
free(lndex);
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? Quantity

Quantity
GAs

1 Genetic.cpp

2. CostSummary.cpp
3. CrossPMX.cpp

4. CrossOX.cpp

5. CrossCX.cpp

6. Distance.cpp
7. Elitist.cpp
8. Mutation.cpp

9. Reproduct.cpp

1

/1 File Genetic.cpp

Il Last update 31/05/97

N N N NN
((include <stdio.h>

einclude <stdlib.h>

¢include <math.h>

extern unsigned char ‘Chromosome;
extern signed int ‘MemVij, ‘ MemFij ;
extern int Col,Row,size;
int RandomNumber(int interval);

void RandomToPlantLayout(void);
float Evaluate(void);

float Dij(int i,int j);

int RandomNumber(int interval) // interval of random value (O-interval)

(

return rand()%interval;

)
void RandomToPlantLayout(void)
<

int temp;

int attrib;

int i;

for (i-=0;i<size;i++)
if (i 0)

temp=RandomNumber(size);
Chromosome[i] = (char)temp;

else



}

float

(

)

float

(

rrrrr
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temp=RandomNumber(size);
for(attrib=0;attrib<i;attrib++)

{
if(Chromosome([attrib] == (unsigned char)temp)
(
temp=RandomNumber(size);
attrib = -1;
if(CChromosome]Jattrib) != (unsigned char)temp ss attrib == i-1)
break;
)
Chromosome]Jattrib+1] = (unsigned char)temp;

Evaluate(void)

int i,j,N=0;
float cost;
cost=(float)O;
for(i=0;i<size;i++)

{
for(j=0;j<size;j++)
<
cost+=(Dij(i,j)*(float(MemVij[N]* (float)MemFij[N]);
N++;
)
)

return cost;

Dij(int i,int j)

int xI,x2,yl,y2;

int N,M;

for(N-0;N<size;N++)
if(Chromosome[N]==i) break;

for(M=0;M<size;M++)
if(Chromosome[M]==]) break;

x| = N/Col;
yl = N%Col;
x2 = M/Col;
y2 = M%Col;

return (float)sqgrt(pow ((xI-x2),2)+pow((yl-y2),2));

R N RN

/1 File CostSummary.cpp
Il Last update 31/05/97

rrrrr

FEELTTEET i i r i b r bbb i rrrrrr

linclude <stdlib.h>
finclude <stdio.h>
finclude <conio.h>
¢include <math.h>
¢include <time.h>

extern
extern
extern
extern
float
float
float
float
double

float
<

)

float

unsigned char *ChromosomeBuffer; /1 Buffer for string
int population,size;

float *CostBuffer;

int generation;

CostMin(void);

CostMax(void);

CostAvg(void);

CostSum(void);

STD(void);

CostSum(void)

int i;

float sum;

for(i=0;i<population;i++)
sum+-CostBuffer[i] ;

return sum;

CostMin(void)
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int i;
float min;

min=CostBuffer[0];
for(i=0;i<population;i++)
if(min > CostBuffer[i])
min=CostBufferl[i];
return min;
>

float CostMax(void)

(
int i,i;
float max;
max=CostBuffer[0];
for(i=0;Kpopulation;i++)
ifltmax < CostBuffer[i])
{
max”~CostBuffer[i];
J=i;
)
return makx;
)
float CostAvg(void)
{
return CostSumO/ (float)population;
)
double STD(void)
<
int i;
double avg;
double std=(double)0;
avg=CostAvg();
for(i=0;Kpopulation;i++)
std+-pow((double)(CostBuffer[il-avg), (double)2);
return sqrt((double)std/(double)(population-1));
)

i T

Il File CrossPMX.cpp

Il Last update 31/05/97

TLEEITEE i e rrrrrrr
tinclude <stdio.h>

¢include <stdlib.h>

¢include <conio.h>

¢include <time.h>

/1 Function are not is this file

void Copyltem(unsigned char *Soure,int soure,unsigned char ‘Destination,int
destination);

void UpdateCost(void);

extern unsigned char ‘ChromosomeBuffer; /1 Buffer for string
extern int population;
extern int size;

extern FILE ‘file;

/1 Function are in this file

void AllocRanDomProbPMX(void);

void AllocindexProbPMX(void);

void CrossOver_PMX(float Prob_PMX);

void CrossPMX(int first,int second);

void Map(unsigned char ‘Tempi,int i,unsigned char *Temp2,int j);
void ShowValuePMX(void);

void AllocParentPMX(int first,int second);

void Definelnterval(void);

void SelectProbPMX(float prob);

float ‘ RanDomProb;

int ‘IndexProb;

int count;

unsigned char ‘Parentl ,*Parent2,temp;
int intervall,interval2;

void AllocRanDomProbPMX(void)
{
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int i;
RanDomProb = (float *)malloc(sizeof(float)'population);
if(RanDomProb == NULL)
{
printfC'Not enough memmory for RanDomProb. .. )
e xit(0);
}
/1 srandt (unsigned)time( NULL ) );
for(i=0;i<population;i++)
(
RanDomProbl[i]=(float)(rand()*rand()%1000000)/ (float)1000000;
/1 fprintf(file,"% f\t” , RanDomProbl[i]);
)
)
void AllocindexProbPMX(void)
{
IndexProb=(int *)malloc(sizeof(int)* (count+1));
ifdndexProb == NULL)
(
printfC'Not enough memmory for IndesPMX...\n");
exit(0);
}
)
void Map(unsigned char ‘Tempi,int i,unsigned char *Temp2,int j)
{
Tempi[i ]=Temp2[j];
)
void ShowValuePMX(void)
{
fprintf(file,"[ ");
for(i=0;i<size,it++)
{
if(i== intervall Il i == interval2+l)
fprintf(file, "1 ");
fprintf(file,"% d ",Parentl[i]);
}
fprintf(file,"]\ ");
fprintf(file, "( ");
for(i=0;i<size;i++)
if(i == intervall Il i == interval2+]l)
fprintf(file,”1 ");
fprintf(file,”%d ",Parent2l[i]);
)
fprintf(file,"]1\n\ ")
void AllocParentPMX(int first,int second)
{
Parentl=(unsigned char ‘Jmalloc(sizeof(char)‘size);
if(Parentl == NULL)
(
printf("Not enough memmory for Parentl...\n");
e xit(0);
Parent2=(unsigned char *)malloc(sizeof(char)‘size);
if(Parent2 ==NULL)
(
printfC'Not enough memmory for Parent2 ...\ ");
exit(0);
Copyltem(ChromosomeBuffer,first,Parentl,0);
CopyltemfChromosomeBuffer,second,Parent2,0);
)

void Definelnterval(void)

' |
intervall=rand()%size;
while(intervall <111 intervall >= size-2);

/1 fprintf(file,"Interval 1 = %d\ ",intervall);



do

interval2=rand()%size;
while(interval2 <= intervall Il interval2 > size-2);

/1 fprintf(file,"Interval 2 = %d\ ",interval2);

)

void CrossPMX(int first,int second)

{

int

i

AllocParentPMX(first,second) ;
Definelnterval() ;

/1 ShowValuePMX() ;

for(i=zintervall;i<c=interval2;i++)

{

temp=Parentl[i] ;
Parentl[i]=Parent2][i] ;
Parent2[i]"“temp;

for(i=0;i<intervall;i++)

<

for(j“intervall;j<=interval2;j++)

>

if(Parentl[i)““Parentl(j])

{
Map(Parentl,i,Parent2,j);
j=intervall-I;

)

for(j“intervall;j<=interval2;j++)

>

}

if(Parent2[i]l==Parent2[j])

(
Map(Parent2,i,Parentl,j);
j“intervall-1;

for(i=interval2+l;i<size;i++)

{

for(j“intervall;j<=interval2;j++)

{

if(Parentl[i]““Parentl[j))

{
Map(Parentl,i,Parent2,j);
j=intervall-I;

}

>
for(j=intervall;j<=interval2;j++)

)

if(Parent2[i]==Parent2[j])

{
Map(Parent2,i,Parentl,j);
j=intervall-1;

Copyltem(Parentl,0,ChroraosomeBuffer,first);
Copyltem(Parent2,0,ChromosomeBuffer,second);

/1 ShowValuePMX();
free(Parentl);
free(Parent2);

)

void SelectProbPMX(float prob)

(

I/ fprintf (file, "Select

j=0;

for(i=0;i<population; i++)

(

if(RanDomProb(i) <= prob)

(

IndexProb(j1=1i;

if(1%6 == 5) fprintf(file,"\n");fprintf(file,"% d\t", i) ;
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}

void CrossOver_PMX(float Prob_PMX)

( . .
int i;
if(Prob_PMX == 0) return;
AllocRanDomProbPMX();
count=0;

for(i=0;i<population; i++)
if(RanDomProb[i] <= Prob_PMX) count++;
/1l fprintf(file,"\nCount = %d\ ", count);
AllocindexProbPMX();
SelectProbPMX(Prob_PMX);

/1 fprintf(file,"\n");
if(count%2 == 1) count—;
for(i=0;i<count;i+=2)
(
/1 fprintf(file,"[%d % d]\n",IndexProb[i],IndexProbl[i+l]);

CrossPMX(IndexProb[i],IndexProb[i+1]);
)
UpdateCost();
free(IndexProb);
free(RanDomProb) ;

1 1

Il File CrossOX.cpp
/1 Last update 31/05/97

293

R R NN

¢include <stdio.h>
¢include <stdlib.h>
¢include <conio.h>
¢include <time.h>

extern unsigned char *ChromosomeBuffer; /1 Buffer for string
extern int size;

extern int population;

extern FILE *file;

void Copyltem(unsigned char *Soure,int soure,unsigned char ~Destination,int
destination);

void UpdateCost(void);

unsigned char *ParentOXI|,*ParentOX2;

int intervallox,interval20X;

float *RanDomProbOX;

int *IndexProbOX;

int CountOX;

char hole="*";

unsigned char ‘Tempi, *Temp2, *TenciF, *TempM;
void ShowValueOX(void);

void CrossOX(void);

void AllocRanDomProbOX();

void DefinelntervalO X (void);

void AllocParentOX(int first,int second);
void 3electProbO X (float prob);

void AlloclndexProbOX();

void ShowValueOX(void)
{

fprintf(file,"( ");
for(i=0;i<size;i++)

if(i== intervallox Il i == interval20X+1)
fprintf(file,"1 ");
if(Parentoxi[i] == hole) fprintf(file,"s ");

else fprintf(file,”%d ",Parentoxi(i));

fprintf(file,”]J\n");

fprintf(file,"i ");
for(i=0;i<size;i++)
<
if(i == intervallox 11 i == interval20X+I)
fprintf(file,"l ");
if(ParentOX2(i) == hole) fprintf(file ,6 " ");

else fprintf(file,"% d ",ParentOX2Ji]);
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>
fprintf(file,"1\ ")

}

void AllocRanDomProbOX(void)

<
int i;
RanDomProbOX = (float "Jmalloc(sizeof(float)"population);
if(RanDomProbOX == NULL)
(
printfC'Not enough memmory for RanDomProbOX...\n");
exit(0);
)
11 srand( (unsigned)time( NULL ) );
for(i=0;i<population; i++)
(
RanDomProbOX]Ji]=(float)(rand ()"rand()% 1000000)/(float)1000000;
11 if(i == 5) fprintf(file, "\n");
11 fprintf(file,"% f\t",RanDomProbO X[il]);
)
)
void AllocindexProbOX(void)
(
IndexProbOX"(int *IJmalloc(sizeof(int)* (CountOX+1));
if(lndexProbOX == NULL)
(
printf("Not enough memmory for IndesOX...\n");
exit(0);
)
)
void AllocParentOX(int first,int second)
{
ParentOXl=(unsigned char *)malloc(sizeof(char)"size);
if(ParentO X1 == NULL)
{
printfC'Not enough memmory for ParentOXIl... \n");
exit(0);
ParentOX2=(unsigned char *)malloc(sizeof(char)"size);
if(ParentO X2 ==NULL)
{
printfC'Not enough memmory for ParentOX2...\n") ;
e xit(0);
)
Copyltem(ChromosomeBuffer, first, ParentOXI,0) ;
Copyltem(ChromosomeBuffer,second,ParentOX2,0);
)

void Definelntervaiox(void)

*
intervallOX=rand()%size;

while(intervallox < 1 Il intervallox >= size-2);
|| fprintf(file,"IntervalOX 1 = %d\ ",intervallox);

do

interval20X=rand()%size;

while(interval20X <= intervallox Il interval20X > size-2);
1/ fprintf(file,"IntervalOX 2 = %d\n",interval20X);
)
void SelectProbOX(float prob)
<

I fprintf(file ,"\nSelect\n");
j=0;
for(i=0;i<population; i++)

if(RanDomProbOX[i] <= prob)

(
IndexProbO X[j)=1i;

11 if(in6 ==5) fprintf(file,"\n");
11 fprintf(file, "%d\t", i) ;



}

Il fprintf(file,"\ ");
1

void CrossOX(int first,int second)

int i,j;
AllocParentO X (first,second);
DefinelntervalO X ();
I/ ShowValueOX();
I/ fprintf (file, " ),
for(i=0;i<size;i++)
{
TempF[i)*Tempi[i]*ParentoxlI[i];
TempM[|f=Temp2[|i=ParentOX2[|]]
>
for(i=0;i<size;i++)
{

for(j“intervall0X;j<=interval20X;j++)
if(ParentoxI[i]==Temp2[j]) Parentoxl[i]“hole;
for(j=intervallO X;j<-interval20X;j++)
if(ParentO X2[i]*“Tempi[j]) ParentOX2J[i]“hole;

)
I ShowValueOX();

I fprintf (file, " ),
i-0;
for(j=interval20X +l;j<size;j++)
(

Tempi[i ]“ParentoxI[j];
Temp2[i ]“ParentOX2[3];

i++;
)
for(j=0;j<=interva3 20X;j++)
{
Tempili]“ParentoxI[j];
Temp2[ii=ParentOX2[]i ;
i++;
}
for(i=0;i<size;i++)
(
if(Tempi[i] == hole)
{
for(j=i;j<size;j++)
(
if(Templ[j] !'= hole) break;
if(jl=size)
Tempili]*Tempi[j ];
Tempi[j 1“hole;
}
else Tempili]*Tempi(j1;
}
)
for(i=0;i<size;i++)
{
if(Temp2[i] == hole)
{
for(j“i;j<size;j++)
if(Temp2(j] ' hole) break;
if(j'=size)

(
Temp2[i ]=Temp2[j ];
Temp2[j ]1“hole;

dse Temp2(i ]=Temp2[j];

for(j=interval20X +l;j<size;j++)
(
ParentoxI[j]1“Tempili];
ParentOX2[]]=Temp2[i] ;
i++;
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Il Hole “ Oxff
[l Hole = Oxff



I

}

void Cr
{

Il

/1

Il

)

)

for(j=0;j<=interval20X; j++)

{
Parentoxi[j ]“Tempi[i);
ParentOX2 t]]=Temp?2[i] ;
i++;

)

for(i=intervallO X;i<=interval20X; i++)

{
Parentoxi[i]J=TempM [i];
ParentOX2[i ]“TempF[i];

}

Copyltem(Parentoxi,0,ChromosomeBuffer,first);
Copyltem(ParentOX2,0,ChromosomeBuffer,second);
ShowValueOX();

free(Parentoxi);

free(ParentOX2);

ossOver_OX(float Prob_OX)

int i;
unsigned char eosl,eo0s2;
if(Prob_OX “* 0) return;
Templ= (Jinsigned char *)malloc (sizeof (char) *size) ;
Temp2=(unsigned char *)malloc(sizeof(char)*size) ;
TempF=(unsigned char *)malloc(sizeof(char)*size);
TempM=(unsigned char *(malloc(sizeof(char)*size) ;
ecsl=Templ[size];
eos2=Temp2[sizel;
Tempi[size]“hole;
Temp2[size]“hole;
AllocRanDomProbOX() ;
CountOX=0;
for(i=0;i<population;i++)
if(RanDomProbOX[i] <= Prob_OX) CountOX++;
fprintf(file,"CountO X = %d\ ",CountOX);
AllocindexProbO X();
SelectProbOX(Prob_0OX);
fprintf(file,"\n") ;
if (CountOX%2 == 1) CountOX—;
for (i=0; i<CountOX; i-t-2)
(
fprintf(file ,"[%d %d]\n",IndexProbO X[i],IndexProbO X[i+1]);
CrossOX(IndexProbOXJ[i] ,IndexProbO X[i+I]);

fprintf(file,"\n");
Tempi[size]=eosl;
Temp2[size]=eo0s2;
UpdateCost();
free(Tempi);
free(Temp2);
free(TempF);
free(TempM);
free(IndexProbO X);
free(RanDomProbOX);
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FELELEEE i b i rrrrrirrr

Il File
/Il Last

CrossCX.cpp
update 31/05/97

FEEEEEEr i rrrrrrrrr

einclud
¢includ
¢includ
einclud

void Copyltem(unsigned char *Soure,int soure,unsigned char ‘Destination, int

e <stdio.h>
e <stdlib.h>
e <conio.h>
e <time.h>

destination);
void UpdateCost(void);

extern
extern
extern
extern

unsigned char ‘ChromosomeBuffer; /1 Buffer for string
int population;

int size;

FILE ‘file;

void AllocParentCX(int first,int second);



void AllocRanDomProbCX(void);

void SelectProbCX(float prob);

void AlloclndexProbCX(void) ;

void ShowValueCX(void);

unsigned char 'Parentcxl,*ParentCX2;
float ‘RanDomProbCX;

int ‘IndexProbCX;

int CountCX;

void ShowValueCX(void)

<

NCANtporin tU 1L rid ", PacentCXI[i]);
fprintf(file,"\n");

aE” Z< 2 d- PraCX2]il,

fprintf(file ,"

void AllocRanDomProbCX(void)

(
int i;
RanDomProbCX = (float *)malloc(sizeof(float)'population);
if(RanDomProbCX «- NULL)
(
printfC'Not enough memmory for RanDomProbOX. ..
e xit(0) ;
/1 srand( (unsigned)time( NULL ) );
for(i=0; Kpopulation;i++)
{
RanDomProbCth)—(float)(rand()*rand()%1000000)/(f|0at)1000000
/1 if(ivo6 == 5) fprintf(file,” ");
11 fprintf(file,"% f t", RanDomProbCX[i]) ;
)
)
void AllocindexProbCX(void)
(
IndexProbCX=(int *)malloc(sizeof(int)* (CountCX+1));
if(lIndexProbCX == NULL)
(
printfC'Not enough memmory for IndesCX. .. ")
exit(0);
>
)
void AllocParentCX(int first,int second)
{
Parentcxl=(unsigned char *)malloc(sizeof(char)‘size);
if(Parentcx!l == NULL)
<
printfC'Not enough memmory for Parentcxl... )i
exit(0);
}
ParentCX2=(unsigned char *)malloc(sizeof(char)*size) ;
if(ParentCX2 ==NULL)
<
printf("Not enough memmory for ParentCX2..An");
exit(0);
)
Copyltem(ChromosomeBuffer,first,Parentcxl, 0) ;
Copyltem(ChromosomeBuffer,second, ParentCX2,0) ;
)
void SelectProbCX(float prob)
(
/1 fprintf(file,"Select\n");

i"o;
for(i=0;Kpopulation;i++)

if(RanDomProbCX[i] <= prob)
{
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IndexProbCX[j)=i;

/1 if(i==5) fprintf (file, "\ ,);
11 fprintf(file, "%d\t",i);
}
/1 fprintf(file,"\n\n");
>

void CrossCX(int first,int second)
{ AllocParentC X (first,second) ;
int i,mark=0;
unsigned char first_value,swap_tmp,temp;
/1 ShowValueCX();
temp=ParentCX2[0] ;
first_value=ParentCXI[0] ;
for(i=0;i<size;i++)

if(ParentcxlI[i]J==temp ss i != mark)
{
swap_tmp=ParentCXI[i ];
ParentcxI[i]J=ParentCX2[i ];
ParentCX2[i]=swap_tmp;
temp=ParentCXI[i];

mark=i;
i = -1;
)
>
for(i=0;i<size;i++)
{
swap_tmp=ParentCXI[i] ;
Parentcxl[i]=ParentCX2[i];
ParentCX2[i]J=swap_tmp;
11 ShowValueCX ();fprintf (file, "' )

Copyltem(Parentcxl,0,ChromosomeBuffer, first);
Copyltem(ParentCX2,0,ChromosomeBuffer,second) ;

)
void CrossOver_CX(float Prob_CX)
<
if(Prob_CX == 0) return;
CountCX=0;

AllocRanDomProbCX();
for(i=0;Kpopulation;i++)
if(RanDomProbCXti] <- Prob_CX) CountCX++;
/1l fprintf(file,"CountCX = %d\n",CountCX);
AllocindexProbCX();
SelectProbCX(Prob_CX);
11 fprintf(file,"\ ");

if (CountCX%2 == 1) CountCX—;
for(i=0;i<CountCX;i+=2)
(
/1 fprintf(file," (%d %d]\n",IndexProbCX[i], IndexProbCXJ[i+1]);

CrossCX(IndexProbCXli),IndexProbCXJ[i+1]);

/1 fprintf(file,"\n");
UpdateCost();
)

FITLTTTE T i i r i i
/1 File Distance.cpp

// Last update 31/05/97

PHLLILET i i
((include <stdio.h>

¢include <stdlib.h>

¢include <conio.h>

¢include <malloc.h>

¢include <string.h>

¢include <time.h>

unsigned char ‘Chromosome,' ChromosomeBuffer,' ChromosomeTemp,*BestChromosome; /1
Euffer for string
signed int ‘MemVij, *MemFij; /1 Buffer for store vij

float Prob_PMX,Prob_OX,Prob_CX,Prob_M,mutat;
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int Row,Col,size;

float *Cost,"CostBuffer,"CostTemp,BestCost;
int population;

int generation;

int mark[20];

int interval,total;

FILE *file,"summary;

/1 Functions are not in this file.
void RandomToPlantLayout(void);
float Evaluate(void),

float CostMin(void);

float CostMax(void);

float CostAvg(void);

float CostSum(void);

double STD(void);

void CostReproduct(void);

void CrossOver_PMX(float Prob_PMX);
void CrossOver_OX(float Prob_OX);
void CrossOver_CX(float Prob_CX);
void Mutate(float mutate);

void E litist(void);

// Functions are in this file,
void AllocDij(void);

void AllocVi](void);

void initial(void);

void AllocCostBuffer(void);

void AllocChromosome(void) ;

void SavePlantLayout(int pop);
void SaveToFile(int Generation);
void ShowChromosome(void);

void SaveBest(void);

void UpdateCost(void);

void SiimmaryToFile (int gen) ;

int NeverMark(int end,int key);

int NeverMark(int end,int key)

{
for(i=0;i<end;i++)
if(mark[i] == key) return O;
return 1;
)
void SummaryToFile(int gen)
{
int i,j,k;
float min;
fprintf(summary," [Generation %d]\ ", gen);

min=CostMax();
for(i=0i<total;i+ +)

{
for(k=0;k<population; k++)
{
if(CostBuffer[kl<=min &% NeverMark(i,k))
(
min=CostBuffer[k];
mark [i] =k;
)
)
fprintf(summary,"[% d]\t", mark[i]);
for(j=0;j<size;]++)
fprintf(summary,”%d ",ChromosomeBuffer[size*mark[i]+] ]);
fprintf(summary,” =\t% f\ ",CostBuffer[mark[i]l);
min=CostMax();
fprintf(summary,"\nThe Best Cost is : % f\t",BestCost);

fprintf(summary,"[ ");
for(i=0;i<size;it++)

fprintf(summary,"%d ",Bestchromosomel[i]);
fprintf(summary,"]\ ")
fprintf(summary,"Averang is : %fin",CostAvg());
fprintf(summary,"STD is : %f\n\n",STD());



void UpdateCost(void)

(
int i,j;
for(i=0;i<population;i++)
{
for(j=0;j<size;j++)
Chromosomel[j]=ChromosomeBuffer[i*size+]j];
CostBuffer[i]J=Evaluate();
}
}
void ShowChromosome(void)
(
int i;
/*
for(i=0;i<population;i++)
fprintf(file,” [%d] ", i) ;
for(j=0;j<size;j++)
fprintf(file,"% d ",ChromosomeBuffer{size*i+j]);
fprintf(file ," =\t% f\ ",CostBuffer[i]);
)
*1
fprintf(file,"% f\t",CostMin());
fprintf(file,”%f ", CostMax ());
fprintf(file,"% f\t",CostAvg());
fprintf(file,"% f ", CostSum());
fprintf(file,”%f\t",STD());
/1 fprintf(file,"The Best Cost is = %f\ ",BestCost);
fprintf(file,"( ");
for(i=0;i<size;i++)
fprintf(file,"% d " ,Bestchromosomel[i]);
fprintf(file,"]\n");
}
void AllocDij(void) /Il Allocate memory for construct string
<
Chromosome = (unsigned char *(rnalloc(size*sizeof(char));
if(Chromosome == NULL)
(
printfC'Not enough memmory for V'Chromosome\”\ ");
}

Il Allocate memmory for weight table and input weight in term continue
/1 Input : None
Il Output: Enter value in pointer MemVij
void AllocVij(void)
{
FILE *frequency,*cost;
char buffer[5];
int weight,i;
frequency=fopen("frequency.dat", "rt");
if(frequency == NULL)
(
printfC'Can not open file frequency.dat\ ");
exit(0);
)
cost=fopen("cost.dat", "rt");
if(cost == NULL)
{
printfC'Can not open file cost.dat\n");
e xit(0);
>
fgets(buffer,5,frequency);
sscanf(buffer, "%d", SRow); /Il Get ROW
fgets(buffer,5,frequency);
sscanf(buffer,"% d",SCol); Il Get COL
size=Row*Col;
weight = size*size; Il Find total of weight
printf("weight = %d\ ", weight) ;
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MemVij = (int *)malloc(weight*sizeof(weight));// Alloc memmory for input weight

if(MemVij == NULL)

(
printfC'Not enough memmory for \"MemVij\"\n");
exit(0);
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}
MemFij = (int *)malloc(weight*sizeof(weight));// Alloc memmory for input weight
if (MemVij == NULL)
(
printfC'Not enough memmory for V'MemVij " ");
exit(0);

for(i=0;i<weight;i++)

(
fgets(buffer,5,frequency);
sscanf(buffer,"% d",SMemVij[i]);
}
for(i=0;i<weight;i++)
{

fgets(buffer,5,cost);
sscanf(buffer,"%d",SMemFij[i]);

r))rintf("MemVij is\n");
for(i=0;i<weight;i++)
printf("%d ",MemVij[i]);
printf(" ")
printf("MemVij is\n");
for(i“0;i<weight;i++)
printf("%d ",MemFij(i));
printf(" ")
fclose(frequency);
fclose(cost);

void AllocCostBuffer(void)

{

)

CostBuffer=(float *)malloc(sizeof(float) ' population);

if(CostBuffer == NULL)

{
printfC'Not enough memmory for "CostBuffer "\n");
exit(0);

)

CostTemp=(float *)malloc(sizeof(float) ' population);

if(CostTemp == NULL)

<

printfC'Not enough memmory for \"CostTemp\"\n");
exit(0);

void AllocChromosomeBuffer(void)

{

)

ChromosomeBuffer=(unsigned char *)malloc(size*sizeof(char) ' population);
if(ChromosomeBuffer == NULL)
{
printfC'Not enough memmory for "ChromosomeBuffer " ")
exit(0);

ChromosomeTemp=(unsigned char *)malloc(size*sizeof(char)'population);
if(ChromosomeTemp == NULL)
{
printfC'Not enough memmory for "ChromosomeTempi“\n");
exit(0);
1
BestChromosome=(unsigned char *Jmalioc(size*sizeof(char));
if(ChromosomeTemp “« NULL)
(
printfC'Not enough memmory for " est Chromosomei" ")
exit(0);

void SavePlantLayout(int pop)

{

)

int i;
for(i=0;i<size;i++)
ChromosomeBuffer[pop*size+i)* Chromosome][i] ;

void SaveToFile(int Generation)

{

fclose(file);



fclose (summary);

}
void initial(void)
{ . .
int i;
printf("Enter Generation I;scanf ("%d”, «.generation) ;
printf("Enter Population ;scanf("% d,«population);
printf("Enter Probability PMX ");scanf("%f", SProb_PMX);
printf("Enter Probability OX "Y;scanf("%f", &Prob_OX);
printf("Enter Probability CX ') scanf("%f",SProb_CX);
printf("Enter Mutate : ");scanf("%f",smutat)
printfC'How many period for report : "); scanf ("%d", «interval) ,
printf("How many report chromosome : ");scanf("%d", «total);
AllocVijoO; /1 Build relationship chart table
AllocCostBuffer();
AllocDijoO; /1 Build plant layout
AllocChromosomeBuffer();
file=fopen("result.txt","wt");
if(file == NULL)
{
printf("Can not open file \"RESULT.TXT \n");
exit (0);
)
summary=fopen("summary.txt","wt");
if(file == NULL)
{
printf("Can not open file \|"SUMMARY.TXT\" \ "
exit(0);
)
/1 srand( (unsigned)time ( NULL ) );

for(i=0;i<population;i++)

{
RandomToPlantLayout();
SavePlantLayout(i);
CostBuffer[i]“Evaluate();
)

void main(void)

{ . .

int i;

clock_t start, finish;

double use;

char *version="Program Plant Layout version 3.02 for Distance\nLast
14/09/97\n";

print Show version

SaveBest();
CrossOver_CX(Prob_CX) ;
SaveBest();
Mutate(mutat);
SaveBest();
E litist();
ShowChromosome() ;
printf("Generation %d CompletedNn",i) ;
if(i% interval == 0) SummaryToFile(i);
)
SaveToFile(i);
finish=clock();
use=(double)(finish-start)/ CLOCKS_PER_SEC;

printf("Function sucessfully used time = %2.2f sec.\n",use);

free(Bestchromosome);
free(ChromosomeBuffer);
free(CostBuffer);
free(ChromosomeTemp);

update

302
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free(CostTemp);
free(MemVij);
>

PELLLEPE i i rrrrrrrr
/1 File Elitist.cpp

/1l Last update 31/05/97

PELLEILEE b rrrirrr
¢include <stdio.h>

#include <stdlib.h>

¢include <conio.h>

float CostMin(void);

void Copyltemlunsigned char *Soure,int soure,unsigned char ‘Destination,int
destination);

float CostMax(void);

void UpdateCost(void);

void SaveBest(void);

extern unsigned char ‘Chromosome,' ChromosomeBuffer,‘ Bestchromosome; // Buffer for

String

extern float ‘CostBuffer,BestCost;
extern int population;
extern int size;

extern FILE ‘file;

void SaveBest(void)

(
if(CostMin() < BestCost)
(
BestCost=CostMin() ;
for(i=0;i<population; i++)
if(CostBuffer[i]J==BestCost) break;
Copyltem(ChromosomeBuffer,i,Bestchromosome,0);
)
)
void ReplaceBestChromosome(void)
<
int i;
float BadCost;
BadCost=CostMax();
for(x=0;i<population;i++)
if (CostBuffer [i]— BadCost) break;
Copyltem)Bestchromosome,0,ChromosomeBuffer,i) ;
)
void E litist(void)
(
ReplaceBestChromosome() ;
UpdateCost();
}

PHLLLEE L i i i
/1 File Mutation.cpp

/1 Last update 31/05/97

PHLLLEEEE b i rrrrrrrrrd
¢include <stdio.h>

¢include <stdlib.h>

¢include <conio.h>

einclude <time.h>

void UpdateCost();

extern int size;

extern int population;

extern unsigned char ‘ChromosomeBuffer;
extern FILE ‘file;

void InitialMutate(void);

void RandomMutate(void);

void SelectMutate(void);

void Mutation(int position);

void ShowChromosome(int pop,int siz,int swaper);
void Mutate(float mutat);

float ‘Gene,mutate;

void InitialMutate(void)
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{
Gene=(float *)malloc(sizeof(float)*size*population);
if(Gene == NULL)
{
printfC'Not enough memory for GeneW);
exit(0);
)
)
/*
void RandomChromosome(void)
{
int size,Population;
for(Population=0;Population<population;Population++)
(
for(Size=0;Size<size;Size++)
r
ChromosomeBuffer[ (Population*size)+Size)=rand()%size;
) while(Redundant(Population, size));
}
}
for(Population-0;Population<population;Population++)
{
printf("Level %d \t( ", Population);
for(Size=0;Size<size;Size++)
{ . " . . .
printf( /Od ",ChromosomeBuffer[ (Population*size)+Size));
printf("1\ ");
}
)
int Redundant(int pop,int siz)
{
int i;
for (i=l); i<siz; i++)
{
if(ChromosomeBuffer((pop*size)+siz) == ChromosomeBuffer[ (pop*size)+i])
return 1;
)
return O0;

void RandomMutate(void)

{
int i;
/1 srand( (unsigned)time( NULL ) );
for(i=0;i<population*size;i++)
Geneli]-ifloat)(randO *rand0 %1000000)/(float)1000000;
11 if(in6 == 5) fprintf(file,"\n");
/1 fprintf(file,"% f\t",Genell]);
)
}
void SelectMutate(void)
{
/1l fprintf(file ,"\nSelect Mutate\n");
for (i=0; Kpopulation*size; it++)
if(Genel[i) <= mutate)
{
Mutation(i);
)
}
)

void Mutation(int position)
(
int pop,siz;
int swaper;
unsigned char temp;



305

pop = position/size;

siz = position%size;
/1 fprintf(file," [Expected Mutation=%d] tPercent mutate = %f\ Chromosome =
%d\ Logus = %d\ ",position,Gene[position]lpop,siz);

swaper=size;

/1 ShowChromosome(pop,siz,swaper);

11 srand( (unsigned)time( NULL ) );
do
(

swaper=rand()%size;
} while(swaper == siz);

/1 ShowChromosome(pop,siz,swaper);
temp=ChromosomeBuffer[ (pop*size)+siz] ;
ChromosomeBuffer[ (pop*size)+siz] = ChromosomeBuffer[ (pop*size)+swaper];
ChromosomeBuffer[ (pop*size)tswaper] = temp;

/1 ShowChromosome(pop,SlZ,swaper) ;

)

void ShowChromosome(int pop,int siz,int swaper)

(
int i;

/1 fprintf(file,"Chromosome %d \t[",pop);
for(i=0;i<size;i++)

(
if(i == siz Il i == swaper) fprintf(file,"1");
else fprintf(file," ");
fprintf(file,"% d",ChromosomeBuffer[ (pop*size )+ i]);
if(i == siz 11 i == swaper) fprintf(file,"1");
else fprintf(file , k"

fprintf (file, "] ');

)

void Mutate(float mutat)

<

mutate=mutat;
InitialMutate();
RandomMutate();
SelectMutate();
UpdateCost();
free(Gene);

)

NN NN
/1 File Reproduct.cpp

/l Last update 31/05/97

PHLLLTLT LT i i
linclude <stdlib.h>

¢include <stdio.h>

¢include <conio.h>

¢include <math.h>

¢include <time.h>

extern unsigned char ‘ChromosomeBuffer,' ChromosomeTemp; /1 Buffer for string
extern int population,size;
extern float ‘CostBuffer,' CostTemp;

extern FILE ‘file;

/1 Function are not in this file
float CostSum(void);

void UpdateCost(void);

/1 Function are in this file
void Allocindex(void);

void AllocProb(void);

void AllocCumulative(void);
void CostReproduct(void);

void Copyltem(unsignhed char *Soure,int soure,unsigned char ‘Destination,int
destination);

int ‘Index;
float *Prob, Cumulative;

void Allocindex(void)

{
Index=(int *)malloc(population*sizeof(int)) ;
if(Index == NULL)

( printfC'Not enough memmory for Index... ");
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void AllocProb(void)

{
Prob=(float *)malloc(population*sizeof(float));
i f (Prob == NULL)
(
printf("Notenough memmory for Prob...\n");
exit(0);
)
)
void AllocCumulative(void)
(
Cumulative*(float *)malloc(population*sizeof(float));
if(Cumulative == NULL)
(
printf("Not enough memmory for Cumulative ... )
exit(0);
)
)

void Copyltem(unsigned char *Soure,int soure,unsigned char *Destination,int
destination)

{ . .
int i;
for(i=0;i<size;i++)
Destination[destination*size+i]“Soure[soure*size+i];
if(Soure “= ChromosomeTemp)
CostBuffer[destination]=CostTemp[soure];
if(Soure == ChromosomeBuffer)
CostTemp[destination]“CostBuffer[soure];
)

void CostReproduct(void)
{
float sum,roulette;
int i,
Allocindex();
AllocProb();
AllocCumulative() ;
sum=CostSum();
for(i=0;i<population;i++)
Cumulative[i] = sum-CostBuffer[i];
1= (float) O;
for (i=0; Kpopulation; i++)
sum+-Cumulativel[i] ;
for(i=0;i<population; i++)
Prob[i]“Cumulativel[i]l/sum;
Cumulative[0]“Prob[0] ;
for(i=l;Kpopulation; it++)
Cumulative[i]*Prob[i]+Cumulative[i-1] ;
for(j“0;j<population;j++)

roulette=(float) (rand()*rand0 41000000)/(flo at)1000000;
for(i=0;Kpopulation;i++)

if(roulette > Cumulative[i] && roulette <= Cumulativeli+1])
{

Index[j]“i+1;

break;

if(roulette <= Cumulative[0])
<

Index[j]=0;

break;

]

for(i=0;i<population;i++)
Copyltem(ChromosomeBuffer,Index[i] ,ChromosomeTemp,i);
for(i“0O;i<population;i++)
Copyltem(ChromosomeTemp,i,ChromosomeBuffer,i) ;
UpdateCost();



free(Cumulative)
free(Prob);
free(Index);
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Quannit

Quaninit

GAs 9
Genetic.cpp
CostSummary.cpp

CrossPMX.cpp

A w N R

CrossOX.cpp
5. CrossCX.cpp
6. Distance.cpp
7. Elitist.cpp

8. Mutation.cpp

9. Reproduct.cpp

extern upsigned char ‘Chromosome; .
extern slqned int ‘MemVij, ‘ MemFij;
extern In . Col,Row, size:
int RandomNumber(int interval);

vold RandomToPlantLayout(void);

float Evaluate(void),

float Dij(int 1,int"});

int RandomNumber(int interval) // interval of random value (0-interval)
( return rand()%interval;

>

void RandomToPlantLayout(void)
(

int temp

Int attrib

int 1o

for(1=0;i<size;i++)
if (i — 0

temp=RandomNumber(size);
Chromosome[i] = (char)temp;

élse
(



}

float

{

)

float

{

)
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temp=RandomNumber(size);
for(attrib=0;attritxi;attrib++)
{

if(Chromosome[attrib] == (unsigned char)temp)
(

temp=RandomNumber(size);

attrib = -1;

}
if(Chromosome/[attrib] !» (unsigned char)temp && attrib == i-1)
break;

)

Chromosome[attrib+1] = (unsigned char)temp;

Evaluate(void)

int i,j,N=0;
float cost;
cost=(float)O;
for(i=0;i<size;i++)

{
for(j=0;j<size;j++)
{
cost+=(Dij(i,j)*(float)MemVij[N]*(float)MemFij[N]);
N++;
)
)

return cost;

Dij(int i,int j)

int xI,x2,yl,y2;

int N,M;

for(N»O;N<size;N++)
if(Chromosome[N]==i) break;

for(M=0;M<size;M++)
if(CChromosome[M]»=j) break;

x| = N/Col;
yl = N%Col;
X2 » M/Col;

y2 » M%Col;
return (float)sqrt(pow ((xI-x2),2)+pow((yl-y2),2));

PETLLLE bbb i
/1 File CostSummary.cpp

/1l Last update 31/05/97

RN N NN
einclude <stdlib.h>

¢include <stdio.h>

¢include <conio.h>

einclude <math.h>

einclude <time.h>

extern
extern
extern
extern
float
float
float
float
double

float

{

)

float

{

unsigned char ¢ChromosomeBuffer; /1 Buffer for string
int population,size;

float *CostBuffer;

int generation;

CostMin(void) ;
CostMax(void);
CostAvg(void);
CostSum(void);
STD(void);

CostSum(void)

int i;

float sum;

for(i=0;Kpopulation;i++)
sum+-CostBuffer[i] ;

return sum;

CostMin(void)
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int i
float rain;
min=CostBuffer[0] ;
for (i=0; Kpopulation; i++)
if(min > CostBuffer[i])
min=CostBuffer[i];
return min.-
>

float CostMax(void)

(
int [
float max;
max=CostBuffer[0];
for(i=0;i<population;i++)
iflmax < CostBuffer[i])
{
max=CostBuffer[i];
i=i
}
return makx;
}
float CostAvg(void)
<
return CostSum()/(float)population;
)

double STD(void)
{ . .
int i;
double avg;
double std=(double)O;
avg=CostAvg();
for (i=0; Kpopulation; it+)
std+=pow((double)(CostBuffer[i]-avg), (double)2);
return sqrt((double)std/(double)(population-1));

I}'IIIIJJ LI LEEI /AT TR T T T TR TR AR PO ROy

File CrossPMX.cpp
/!l Last update 31/05/97
PLETEEEE b
einclude <stdio.h>
¢include <stdlib.h>
¢include <conio.h>
¢include <time.h>

/! Function are not is this file

void Copyltem(unsigned char *Soure,int soure,unsigned char ‘Destination,int
destination) ;

void UpdateCost(void);

extern unsigned char ‘ChromosomeBuffer; /1 Buffer for string
extern int population;
extern int size;

extern FILE ‘file;

/'l Function are in this file

void AllocRanDomProbPMX(void);

void AllocindexProbPMX(void);

void CrossOver_PMX(float Prob_PMX);

void CrossPMX(int first,int second);

void Map(unsigned char ‘Tempi,int i,unsigned char *Temp2,int j);
void ShowValuePMX(void);

void AllocParentPMX(int first,int second);
void Definelnterval(void);

void SelectProbPMX(float prob);

float ‘ RanDomProb;

int ‘IndexProb;

int count;

unsigned char ‘Parentl ,*Parent2,temp;
int intervall,interval2;

void AllocRanDomProbPMX(void)

(
int i;
RanDomProb = (float *)malloc(sizeof(float)'population);
if(RanDomProb == NULL)



printfC'Not enough memmory for RanDomProb...\n") ;

e xit(0);
}
I srand( (unsigned)time( NULL ) );
for(i=0;i<population;i++)
(
RanDomProb[i = (float)(rand()*rand()%1000000)/ (float)1000000;
Il fprintf(file,"% f\t",RanDomProb[i]);
)
)
void AllocindexProbPMX(void)
{
IndexProb=(int *(malloc(sizeof(int)* (count+1));
ifdndexProb == NULL)
{
printfC'Not enough memmory for IndesPMX...\n") ;
exit(0);
)
)

void Map(unsigned char ‘Tempi,int i,unsigned char *Temp2,int j)

{
Tempili]l=Temp2[j];

)
void ShowValuePMX(void)
{
fprintf(file,"( ");
for(i=0;i<size;i++)
<
if(i== intervall 1l i == interval2 +|)
fprintf(file,"1 ");
fprintf(file,"% d ",Parentl[i]);
fprintf (file, "1 ,);
fprintf(file,"( ");
for(i=0;i<size;i++)
if(i == intervall Il i == interval2+l)
fprintf (file, "I 'm);
fprintf(rile,"%d ",Parent2l[i]);
fprintf(file,")\n\n");
)
void AllocParentPMX(int first,int second)
<
Parentl=(unsigned char *(malloc(sizeof(char)*size);
if(Parentl == NULL)
{
printf("Not enough memmory for Parentl... )
e xit(0);
Parent2=(unsigned char *)malloc(sizeof(char)*size);
if(Parent2 ==NULL)
{
printfC'Not enough memmory for Parent2..An");
exit(0);
)
Copyltem(ChromosomeBuffer,first, Parentl,0) ;
Copyltem(ChromosomeBuffer, second, Parent2,0) ;
)

void Definelnterval(void)

do
intervall=rand()%size;
w hile(intervall < 1 Il intervall >= size-2);
/1 fprintf(file,"Interval 1 = %d\ ",intervall);
do
interval2=rand()%size;
while(interval2 <= intervall Il interval2 > size-2);
11 fprintf(file,"Interval 2 = %d "Jinterval2);
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void CrossPMX(int first,int second)

{
int [
AllocParentPM X (first,second);
Definelnterval();

I ShowValuePMX();
for(i=intervall;i<=interval2;i++)
(

temp=Parentl[i] ;
Parentl[i]J=Parent2]i];
Parent2(i)=temp;

)
for(i=0;i<intervall;i+ +)
{
for(j“intervall;j<=interval2;j++)
{
if (Parentl[i]==Parentl[j])
{
Map(Parentl,i,Parent2,j);
j=intervall-I;
)
)
for(j=intervall;j<=interval2;j++)
{
if(Parent2[i]==Parent2[j])
<
Map(Parent2,i,Parentl,j);
j=intervall-1l;
}
)
for(i=zinterval2+l;i<size;i++)
{
for(j“intervall;j<=interval2;j++)
{
if(Parentl(i)==Parentl[j])
(
Map(Parentl,i,Parent2,j);
j=intervall-1l;
)
)
for(j“intervall;j<=interval2;j++)
if(Parent2[i]l==Parent2[j])
(
Map(Parent2,i,Parentl,j);
j=intervall-I;
)
)
)

Copyltern(Parentl,0,ChromosomeBuffer, first) ;

Copyltem(Parent2,0,ChromosomeBuffer,second);
/1 ShowValuePMXO0 ;

free(Parentl);

free(Parent2);

void SelectProbPMX(float prob)

{
int i,j;
11/ fprintf(file,"Select ...... \n");
j=0;
for(i=0;Kpopulation;i++)
if(RanDomProb[i] <= prob)
(
IndexProb(j]=i;
/1 if(in6 == 5) fprintf(file,"\n");fprintf(file,"% d\t",i);
)

void CrossOver_PMX(float Prob_PMX)
(

int i;



if(Prob_PMX 0) return;
AllocRanDomProbPMX();
count=0;
for(i=0;i<population;i++)
if(RanDomProbl[i]
fprintf(file ,"\nCount
AllocindexProbPMX();
SelectProbPMX(Prob_PMX);
fprintf(file,"\n");
if(count% 2 1) count--;
for (i=0;iccount;i+=2)

{

<=
%d\

Prob_PMX) count++;
",count);

11

fprintf(file,"
CrossPMX(IndexProb(i],IndexProb[i+1]);

)

UpdateCost();
free(IndexProb);
free(RanDomProb);

}

FEEELEETET LT
/Il File CrossOX.cpp
Il Last update 31/05/97

LI

313

[%d % d]\n",IndexProbl[i],IndexProb[i+1]);

FEETEEETT LT

PHETLEEE b i r e rrrrrrrrr

<stdio.h>
<stdlib.h>
<conio.h>
<time.h>

tinclude
tinclude
([include
((include

extern
extern

unsigned char 11
int size;

extern int population;
extern FILE *file;

void Copyltem(unsigned char
destination);

void UpdateCost(void);
unsigned char ‘Parentoxi,' ParentOX2;

*ChromosomeBuffer; Buffer for

*Soure,int soure,unsigned char

int intervaliox,interval20X;
float ‘RanDomProbOX;

int ‘IndexProbOX;

int CountOX;

char hole="*";

unsigned char ‘Tempi,*Temp2,*TempF,*TempM;
void ShowValueOX(void);

void CrossOX(void);

void AllocRanDomProbOX() ;

void DefinelntervalO X(void) ;

void AllocParentOX(int first,int second);

void SelectProbOX(float prob);
void AlloclndexProbOX();
void ShowValueOX(void)
(
fprintf(file ,"[ ");
for(i=0;i<size;i++)
if(i== intervaliox 11 i == interval20X+1)
fprintf(file,"1 ");
if(ParentoxI[i] == hole) fprintf(file, "# ");
else fprintf(file,"% d ",ParentoxlI[i]);
fprintf(file,"]1\n");
fprintf(file,"[ ");
for(i=0;i<size;i++)
if(i == intervaliox 11 i == interval20X+l)
fprintf(file,"1 ");
if(ParentO X2[i] == hole) fprintf(file b "# ");
else fprintf(file,"%d ",ParentOX2[i]);
>
fprintf(file, "1\n") ;
}
void AllocRanDomProbOX(void)
(

int i:

string

‘Destination,int



RanDomProbOX = (float *)malloc(sizeof(float)*population);
if(RanDomProbOX == NULL)
<
printf("Not enough memmory for RanDomProbOX. ..
exit(0);
)
I srand( (unsigned)time( NULL ) );
for(i=0;i<population;l++)
{
RanDomProbOX[i] =(float) (rand()*rand ()% 1000000)/ (float)1000000;
Il if(i == 5) fprintf(file, ");
I fprintf(file,"% f\t", RanDomProbO X[i]);
)
)
void AllocindexProbOX(void)
{
IndexProbOX=(int *)malloc(sizeof(int)* (CountOX+1));
if(lIndexProbOX == NULL)
{
printfC'Not enough memmory for IndesOX. ..\ ") ;
e xit(0);
)
)
void AllocParentOX(int first,int second)
{
ParentOXI=(unsigned char *)malloc(sizeof(char)*size);
if(Parentoxi == NULL)
{
printfC'Not enough memmory for Parentoxi...\ ");
exit(0);
}
ParentOX2=(unsigned char *)malloc(sizeof(char)*size) ;
if(ParentOX2 ==NULL)
{
printfC'Not enough memmory for ParentOX2...\n");
exit(0);
}
Copyltem(ChromosomeBuffer,first, Parentoxi, 0) ;
CopyltemfChromosomeBuffer,second, ParentOX2, 0) ;
)
void Definelntervalox(void)
<
intervallOX=rand()%size;
while(intervallox < 1 Il intervallox >= size-2);
/1 fprintf (file, "Intervalox 1 = %d\ ",intervallox) ;
do
interval20X=rand()%size;
while(interval20X <= intervallox Il interval20X > size-2);
Il fprintf(file,"Intervalox 2 = %d\ ",interval20X);
>

void SelectProbOX(float prob)

{
fprintf (file, "\nSelect\ ");
f;?éi:O;KpopuIation;i++)
{ if(RanDomProbOX][i] <« prob)
( IndexProbOXI[j]=i;
/1l if(in6 ==5) fprintf(file,"\n");
/1 fprintf(file,"% d\t",i);
)
/1 fprintf(file,"\n");
)

void CrossOX(int first,int second)
{
int i,j;
AllocParentO X (first,second);

314



Definelntervalox();

Il ShowValueOX();

/1 fprintf(file, " \n") ;
for(i=0;i<size;i++)
(

TempF[i]“Tempi(iJg=ParentO XI(i) ;
TempM[i ] =Temp2 ti I:ParentOXZ[i 1;

)
for(i=0;i<size;i++)
(
for(j“intervall0X;j<“interval20X; j++)
if(Parentoxi[i]J==Temp2(j)) Parentoxi[i)=hole; /1
for(j=intervallO X;j<=interval20X;j++)
if(ParentOX2[i]““Tempi(j]) ParentOX2[i]=hole; /1
)
11 ShowValueOX();
11 fprintf (file, " \n") ;
i-0;
for(j=interval20X +1;j<size; j++)
{
Tempil[i)“Parentoxi[j);
Temp2[i]=ParentOX2[]] ;
i++;
)
for(j=0;j<=interval20X;j++)
{

Tempil[i]=ParentOXI[j ];
Temp2[ij=ParentOX2i;
i++;
for(i=0;i<size;i++)
if(Tempi[i] == hole)
for(j=ij;j<size;j++)

if(Tempi[j] !'= hole) break;

)
if(j!=size)
(
Tempi[i]J=Templ[j ];
Tempi 1j ]=hole;
)
else Tempi[i]J=Templ[j];
)
>
for(i=0;i<size;i++)
{
if(Temp2(i] == hole)
(
for(j=ijj<size; j++)
if(Temp2[j] !'= hole) break;
if(j!=size)
{
Temp2[i ]=Temp2(j ];
Temp2[j]=hole;
else Temp2[i]=Temp2[j];
J 1

for(j:intervaIZOX+I;j<size;ﬂ+)

{
Parentoxi[j )“Tempi(i);
ParentOX2[j]=Temp2][i];
i++;

for(j=0;j<“interval20X;j++)

(
Parentoxi(j ]“Tempili] ;
ParentOX2[3]=Temp2[i];
i++;

)

for(i“intervallOX;i<=interval20X; i++)

Hole

Hole

O xff

Oxff
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ParentoxI[i ]=TempM[i ];

ParentO X2[i]=TempF[ij;
}
Copyltem(ParentOXI,0,ChromosomeBuffer,first);
Copyltem(ParentOX2,0,ChromosomeBuffer,second);

Il ShowValueOXO ;

free(Parentoxl);
free(ParentOX2);

)
void CrossOver_OX(float Prob_OX)
<
int i;
unsigned char eosl,eo0s2;
if(Prob_OX == 0) return;

Templ=(unsigned char *)malloc(sizeof(char)‘size) 1
Temp2=(unsigned char *)malloc(sizeof(char)*size) 1
TempF=(unsigned char *)malloc(sizeof(char)*size),
TempM=(unsigned char *)malloc(sizeof(char)‘size),
eosl=Templ[size] ;
eos2=Temp2[size];
Tempi[size]=hole;
Temp2[size]=hole;
AllocRanDomProbOX() ;
CountOX=0;
for(i=0;i<population;i++)

if(RanDomProbOX[i] <= ProbOX) CountOX++;

/1 fprintf (file, "CountOX = %\ ;,CountOX) ;

AllocindexProbOX();
SelectProbOX(Prob_0X);

/1 fprintf(file,"\n");
if(CountOX%2 == 1) CountOX—;
for(i=0;i<CountOX;i+=2)
{
11 fprintf(file,"[%d %d]\n",IndexProbO X[i], IndexProbO X[i+I]);

CrossOX(IndexProbOX]Ji],IndexProbO X[i+1]);

11 fprintf(file,"\n");
Tempi[size]=eosl;
Temp2[size]=eo0s2;
UpdateCost();
free(Tempi);
free(Temp2);
free(TempF);
free(TempM);
free(IndexProbOX) ;
free(RanDomProbOX) ;

TLLTTEI il rrrrrrrrinn
/Il File CrossCX.cpp

/Il Last update 31/05/97

FEELLEErzZ r i i rrrrrrrn
([include <stdio.h>

¢include <stdlib.h>

¢include <conio.h>

¢include <time.h>

void Copyltem(unsigned char *Soure,int soure,unsigned char ~"Destination,int
destination);
void UpdateCost(void);

extern unsigned char ‘ChromosomeBuffer; /1 Buffer for string
extern int population;
extern int size;

extern FILE *file;

void AllocParentCX(int first,int second);
void AllocRanDomProbCX(void);

void SelectProbCX(float prob);

void AlloclndexProbCX(void);

void ShowValueCX(void);

unsigned char ‘Parentcxl,*ParentCX2;
float ‘ RanDomProbCX;

int ‘IndexProbCX;

int CountCX;

void ShowValueCX(void)
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int i;
for(i=0;i<size;i++)

fprintf(file,"% d ",Parentcxili]);
fprintf (file, " )
for(i=0;i<size;i++)

fprintf(file,"% d ",ParentCX2(i));
fprintf(file,"\n");

)
void AllocRanDcmProbCX(void)
(
int i;
RanDomProbCX = (float *)malloc(sizeof(float)'population);
if(RanDomProbCX == NULL)
(
printfC'Not enough memmory for RanDomProbOX...\ ");
exit (0);
)
11 srand( (unsigned)time( NULL ) );
for(i=0;i<population;i++)
(
RanDomProbCX[i) = (float)(rand()*rand()%1000000) / (float)1000000;
I if(i% 6 == 5) fprintf (file, " )
/1 fprintf(file,"% f\t",RanDomProbCX[i]);
)
)
void AllocindexProbCX(void)
{
IndexProbCX=(int *)malloc(sizeof(int)* (CountCX+1));
if(IndexProbCX == NULL)
{
printf(”"Not enough memmory for IndesCX...\ ");
exit(0);
)
)
void AllocParentCX(int first,int second)
{
Parentcxi=(unsigned char *)malloc(sizeof(char)‘'size);
if(Parentcxi == NULL)
<
printfC'Not enough memmory for Parentcxi... ")
exit(0);
ParentCX2=(unsigned char *)malloc(sizeof(char)‘size) ;
if(ParentCX2 ==NULL)
{
printfC'Not enough memmory for ParentCX2.,.\n") ;
exit(0);
)
Ccpyltem(ChromosomeBuffer, first,Parentcxi, 0) ;
CopyltemIChromosomeBuffer,second,ParentCX2,0) ;
)
void SelectProbCX(float prob)
(
/1 fprintf(file,"Select\n");
j=0;
for(i=0;i<population;i++)
<
if(RanDomProbCX(i) <= prob)
(
IndexProbCX]J[jl=1i;
I if(i==5) fprintf(file,"\n") ;
/1 fprintf(file,"% d\t",i);
)
11 fprintf(file,"\n\n");
)

void CrossCX(int first,int second)

{ AllocParentCX(first,second) ;
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int i,mark=0;

unsigned char first_value,swap_tmp,temp;
11 ShowValueCX();

temp=ParentCX2[0);

first_value=ParentCXI[0];

for(i=0;i<size;i++)

{
if(Parentcxi[i]J==temp {& i !'= mark)
{
swap_tmp=ParentCXI[i] ;
Parentcxi[i]=ParentCX2[i] ;
ParentCX2[i]J=swap_tmp;
temp=ParentCXI[i] ;
mark=i;
i = -1;
>
>
for(i=0;i<size;i++)
{
swap_tmp=ParentCXI[i] ;
Parentcxi[i]=ParentCX2][i];
ParentCX2[i]J=swap_tmp;
)
I ShowValueCX (); fprintf (file, "\ ") ;

CopyltemfParentcxi,0,ChromosomeBuffer,first) ;
Copyltem(ParentCX2,0,ChromosomeBuffer, second) ;

)
void CrossOver_CX(float Prob_CX)
(

int i;

if(Prob_CX == 0) return;

Countcx=0;

AllocRanDomProbCX();

for(i=0;i<population;i++)

if(RanDomProbCX[i] <= Prob_CX) CountCX++;

11 fprintf(file,"CountCX = %d\ ",CountCX);

AllocindexProbCX();

SelectProbCX(Prob_CX);
11 fprintf(file,"\ ");

if(CountCX%2 -- 1) CountCX--;

for(i=0;i<CountCX;i+=2)

/1 fprintf(file,"(% d %d]\n",IndexProbCXJ[i],IndexProbCXJ[i+1]);
CrossCX(IndexProbCX[i], IndexProbCX[i+1]);

11 fprintf(file,"\n");
UpdateCost();

Il File Distance.cpp

/!l Last update 31/05/97

FEEEEET i
finclude <stdio.h>

((include <stdlib.h>

#include <conio.h>

tinclude <malloc.h>

tinclude <string.h>

tinclude <time.h>

unsigned char ‘Chromosome,*ChromosomeBuffer,' ChromosomeTemp, *BeStChromosome ; 11
Buffer for string

signed int *MemVij, *MemFij; /1 Buffer for store vij
float Prob_PMX,Prob_OX,Prob_CX,Prob_M,mutat;

int Row,Col,size;

float ‘Cost,"CostBuffer,'CostTemp,BestCost;

int population;

int generation;

int mark(20);

int interval,total;

FILE ‘file ,‘ summary;

/! Functions are not in this file,
void RandomToPlantLayout(void) ;
float Evaluate(void);

float CostMin(void);
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float CostMax(void) ;

float CostAvg(void);

float CostSum(void);

double STD(void);

void CostReproduct(void);

void CrossOver_PMX(float Prob_PMX);
void CrossOver_OX(float Prob_OX);
void CrossOver_CX(float Prob_CX);
void Mutate(float mutate);

void E litist(void);

void Copyltem(unsigned char *Soure,int soure,unsigned char ‘Destination,int
destination);

/! Functions are in this file,
void AllocDij(void);

void AllocVi](void);

void initial(void);

void AllocCostBuffer(void);

void AllocChromosome(void);

void SavePlantLayout(int pop);
void SaveToFile(int Generation);
void ShowChromosome(void);

void SaveBest(void);

void UpdateCost(void);

void SummaryToFile(int gen);

int NeverMark(int end,int key);
void Initchromosome(void);

void Initchromosome(void)

<

FILE ‘initchromosome;

char buffer[10];

int InitValue, Temp,i,j;

unsigned char ‘TempChro;

initchromosome = fopen("init.dat","rt");

if(initchromosome =- NULL)

{
printfCCan not find init.dat\n") ;
exit(0);

)

fgets(buffer,10,initchromosome);

sscanf(buffer,"% d",Slnitvalue);

TempChro = (unsigned char *Imalloc(sizeof(char)*size*lnitvalue);

printf("Initial Chromosome is\n");

for (i=0; KInitValue; i++)

{

for(j=0;j<size;j++)

{
fgets(buffer,10,initchromosome) ;
sscanf(buffer,"%d",STemp);
TempChro[j]=(unsigned char)Temp;
printf("% d ", TempChrolj]);

}

Copyltem(TempChro,0,ChromosomeBuffer,i) ;

printf("\n");

>
free(TempChro);
fclose(initchromosome) ;
)
int NeverMark(int end,int key)
{
int i;
for(i=0;i<end;i++)
if(mark[i] == key) return O;
return 1;
)
void SummaryToFile(int gen)
(
int i,j,k;
float min;
fprintf(summary," [Generation %d] ",gen);

min=CostMax();
for(i=0;i<total;i++)

for(k=0;k<population;k++)
{



if(CostBuffer[k]<=min ss NeverMark(i,k))
<

min=CostBuffer[k];

mark[i]“k;

}

fprintf(summary," [% d]\t", mark][i]);
for(j=0;j<size;j++)
fprintf(summary,”%d ",ChromosomeBuffer[size'markl[i]+j])
fprintf(summary,” =\t% f\ ", CostBuffer[markl[il]) ;
min=CostMax();
>
fprintf(summary,"\nThe Best Cost is % f\t",BestCost);
fprintf(summary,"[ ");
for(i=0;i<size,i++)
fprintf(summary,"%d ",Bestchromosomel[i] );
fprintf(summary,"]\ ");
fprintf(summary,"Averang is %f\ ", CostAvg());

fprintf(summary,"STD is % f\n\n",STD());
}
void UpdateCost(void)
{
int i,]j;
for(i=0;i<population;i++)
for(j=0;j<size; j++)
Chromosome[j ]=ChromosomeBuffer[i*size+]j];
CostBuffer[i]“Evaluate();
)
)
void ShowChromosome(void)
{
fprintf(file,"% f\t",CostMin());
fprintf(file,"% f\t",CostM ax());
fprintf(file,"% f\t",CostAvg());
fprintf(file,"% f\t",CostSum{());
fprintf(file,"% f\t",STD O );
fprintf(file,"[ ");
for(i“0;i<size;i++)
fprintf(file,"% d ",Bestchromosomeli]);
fprintf(file ,"]J\n");
)
void AllocDij(void) /Il Allocate memory for construct string
<
Chromosome = (unsigned char *)malloc(size*sizeof(char));
if(Chromosome == NULL)
{
printfC'Not enough memmory for \"Chromosome\"\n");
exit(0);
)
)

/1 Allocate memmory for weight table and input weight in term continue
/1 Input : None
/1 Output: Enter value in pointer MemVij
void AllocVij(void)
{
FILE *frequency,*cost;
char buffer[5];
int weight,i;
frequency=fopen("frequency.dat", "rt") ;

if(frequency == NULL)

{
printfC'Can not open file frequency.dat\n") ;
exit(0);

)

cost=fopen("cost.dat","rt");

if(cost == NULL)

{

printfC'Can not open file cost.dat\n");
exit(0);
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>

fgets(buffer,15,frequency);

sscanf(buffer,"%d",&Row); Il Get ROW
fgets(buffer,15,frequency);

sscanf(buffer,"%d",&Col); /!l Get COL

size=Row*Col;

weight = size*size; Il Find total of weight

printf("weight = %d\. ", weight) ;
MemVij * (int *)malloc(weight*sizeof(weight));// Alloc memmory for input weight

if(MemVij == NULL)

(
printf("Not enough memmory for \"MemVij\"\ ");
exit(0);

)

MemFij = (int *Jmalloc(weight*sizeof(weight));// Alloc memmory for input weight

if(MemVij == NULL)

(
printf("Not enough memmory for V'MemVij\"\ ");
exit(0);

)

for(i=0;i<weight;i++)

<
fgets(buffer,15,frequency) ;
sscanf(buffer,"% d", iMem Vijli]);

>

for(i=0;i<weight;i++)

{

fgets(buffer,15,cost);
sscanf(buffer,"% d",SMemFij[i]);

;))rintf("COST is\n");
for(i=0;i<weight;i++)

printf("%d "(MemVij[i]);
printf("\n");
printf("Frequency is\n”");
for(i=0;i<weight;i++)

printf("%d “(MemFij[i]);
printf("\ ")
fclose(frequency);
fclose(cost);

void AllocCostBuffer(void)

<
CostBuffer=(float *Jmalloc(sizeoftfloat)*population);
if(CostBuffer == NULL)
{ printf("Not enough memmory for \"CostBuffer\"\n") ;
e xit(0) ;
>
CostTemp=(float *)m alloc(sizeof(float)' population);
if(CostTemp == NULL)
{

printf("Not enough memmory for \"CostTemp\"\n");
exit (0);

void AllocChromosomeBuffer(void)

(
ChromosomeBuffer=(unsigned char *)malloc(size‘sizeof(char)'population);
if(ChromosomeBuffer == NULL)
{
printf("Not enough memmory for V'ChromosomeBuffer\"\n");
exit (0);
)
ChromosomeTemp=(unsigned char ‘Jmalloc(size*sizeof(char)'population);
if(ChromosomeTemp == NULL)
<

printf("Not enough memmory for \"ChromosomeTemp\"\n");
exit(0);

BestChromosome=(unsigned char ‘Jmalloc(size*sizeof(char));
if(ChromosomeTemp == NULL)
<
printf("Not enough memmory for V'Best Chromosome\"\n");
exit(0);
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) }

Void SavePlantLayout(int pop)
int i;
for(i=0;i<size;i++)
ChromosomeBuffer[pop*size+i]=Chromosome(i] ;
void SaveToFile(int Generation)
fclos (fileg;
fclose(summary) ;

void initial(void)

int i

printf("Enter Generation : scanf "0d",Sgeneration),
rintf("Enter Population ;scanf("%d” sp ulaton
rintf("Enter Probability P : scanf "0/ 4Pr X
Jprintf ("Enter Probability ox : ,scanf "0hf"" [Prof~ O
rintf("Enter Probabilit - "Yhscanf("%f" SProb_C )
rintf("Enter Mutate, : scanf( %f" Smutat);

rintf("How man Perlod or report : ,scanf "%g ,sinte ival);
rintf("How many report chromosome . "),scanf("%d",stotal);
A“oc |£O' [ Build relatioiship chart table
AllocCostBuffer();

AflocD| 0; [ Build plant layout
AllocChromosomeBuffer();

file=fopen("result.txt®, wt):

|{f (file 2="NULL)

pr|ntf ("Can not open file VRESULT.TXTV \n");
exit(0);

gum ary=fopen("summary.txt","wt”);
ki Iey P () y. )
prlntf(g"Can not open file \"SUMMARY.TXT\" \n");
s) exit(0);
[l ra unsigned)time( NULL
for??z(o,ﬁ<po[p]ulat)|on?£ +) )
{ RandomToPlantLayout() ;
SavePlantLayout(i) ;
[l CostBuffer[IXj Evaluate():
) épdateCost(),
\Eoid main(void)
it i
Icrl]ocll< t start, finish;
dpuble  yser- . . .
char version="Program Plant Layout version 1.02 for Distance\nLast update
14/09/97\n";

[ pr|ntf("% ",version); [/ Show version

I rmt?éf)le "%s",version) ;
tart
BestCost= Cos Max():
for(i=0:i<generation;i++)

(Slf%\%tegeeﬁg))duct()

Imtchromosome()
UpdateCost();

Bes
%?ggsover()PMX(Prob PMX);
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SaveBest O ;

CrossOver_?\(?\oTM;

SaveBest() ;
Mutate(mutat);
SaveBest();
E litist();
ShowChromosome();
printf("Generation %d Completed\n",i) ;
if(i%interval == 0) SuramaryToFile(l);
)
SaveToFile(i) ;
finish=clock();
use=(double)(finish-start)/CLOCKS_PER_SEC;
printf("Function sucessfully used time = %2.2f sec.\n",use);
free(Bestchromosome);
free(ChromosomeBuffer);
free(CostBuffer);
free(ChromosomeTemp);
free(CostTemp);
free(MemVij);

)

FEELETE i rrrrrrr
/1 File Elitist.cpp

/!l Last update 31/05/97

FECEEEErrrrr i r e e ey L
¢include <stdio.h>

¢include <stdlib.h>

einclude <conio.h>

float CostMin(void);

void Copyltem(unsigned char *Soure,int soure,unsigned char ‘Destination,int
destination);

float CostMax(void);

void UpdateCoct(void);

void SaveBest(void);

extern unsigned char ‘Chromosome,"  ChromosomeBuffer,' Bestchromosome; // Buffer for
String

extern float ‘CostBuffer,BestCost;

extern int population;

extern int size;

extern FILE ‘file;

void SaveBest(void)

(
if(CostMin() < BestCost)
{
BestCost=CostMin();
for(i=0; depopulation;i++)
if(CostBuffer(i)==BestCost) break;
Copyltem(ChromosomeBuffer,i,Bestchromosome, 0);
)
}
void ReplaceBestChromosome(void)
{
int i;
float BadCost;
BadCost=CostMax();
for(i=0;i<population;i++)
if(CostBuffer[i]l==BadCost) break;
Copyltem(BestChromosome,0,ChromosomeBuffer,i) ;
)
void Elitist(void)
{
ReplaceBestChromosome();
UpdateCost();
)

IR NN
/1 File Mutation.cpp

/1l Last update 31/05/97

FEELETEEE i i i i i i i i rrrrrrrrrr



(einclude <stdio.h>
einclude <stdlib.h>
¢include <conio.h>
einclude <time.h>

void UpdateCost();

extern int size;

extern int population;

extern unsigned char *ChromosomeBuffer;
extern FILE *file;

void InitialMutate(void!;

void RandomMutate(void);

void SelectMutate(void);

void Mutationfint position);

void ShowChromosome(int pop,int siz,int swaper);
void Mutate(float mutat);

float *Gene,mutate;

void InitialMutate(void)

{
Gene=(float *(malloc(sizeof(float)*size*population);
if(Gene == NULL)
<
printfC'Not enough memory for GeneNn");
exit(0);
)
)
/*
void RandomChromosome(void)
<

int Size,Population;

for(Population®;Population<population;Population++)
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{
for(Size=0;Size<size;size++)
ChromosomeBuffer[(Population*size)+size]=rand()%size;
) while(Redundant(Population,size));
)
)
for (Populations ;Population<population; Population++)
{
printf("Level %d \t[ "“(Population);
for(Size=0;Size<size;Size++)
(
printf("%d ",ChromosomeBuffer[ (Population*size)+size));
printf("]\n");
}
int Redundant(int pop,int siz)
{
int i;
for(i=0;i<siz;i++)
{
if(ChromosomeBuffer[ (pop*size)+siz] == ChromosomeBuffer[ (pop*size)+i])
return 1;
)
return O;
)
*/

void RandomMutate(void)

{ . .
int i;
/1 srand( (unsigned)time( NULL ) );
for(i=0;i<population*size;i++)
Gene(i)=(float)(rand()*rand()%1000000)/(float)1000000;
11 if(i6 == 5) fprintf(file,"\n");
I/ fprintf(file,"% f\t", G enel[i]);
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void SelectMutate(void)

<

int i
I fpr |nt (file, "\nSelect MutateW);
for(i= ,|<populat|on size;itt)
{ if(Gene[i] <= mutate)
}{ Mutation(i);

}

void Mutation(int position)
{
int pop,siz;
int swaper;
unsigned char temp;
pop - p05|t|on/3|ze
siz *=position%size;
Il fpr|ntf(f|le "(Expected Mutation= %d]\tPerce.nt mutate = %fl  Chromosome
%d\  Logus = %@\ "'position,Gene[position

pop,siz);
swaper=size;
I ShowChromosome(pop,siz,swaper):
Il (sjrand( (unsigned)time( NULL ) '§;
0

swaper=rand()%size;
while(swaper == siz);
I howChromosome%)oTpsuswaper
temp=ChromosomeBuff i 0 *3|ze)+5|zJ7
ChromosomeBuffer!( pop SIZ€)+SIZ] = ChromosomeBuffer[ (pop*size)tswaper];
ChromosomeBuffer[ (pop*size)tswaper] = temp;
I ShowChromosome(pop,siz,swaper);

>

void ShowChromosome(int pop,int siz,int swaper)
{

I ffprmtf (file,"Chromosome % \t[",pop);
or(i=0; i<size; i++)

if(i ==siz Ilj == swaper) fprintf(file,"I");

else fprintf(file," " .
f?rlntf(flle"%d",ChromosomeBuffer[ *size )+i]);
if(i ==siz Il i == swaper fprmtfffl S,
else fprintf(file,"

fprintf(file,"\n"):
)

void Mutate(float mutat)

{ mutate=mutat;
InitialM utate()
RandomMutate
SelectMutate
UpdateCost();
free(Gene);

)

[l
[l File Reproduct. gp
[l Last update 31/05/97

((include <stdlib.h>
{ include <stdio. h>
¢ include <conio.h>
{ include <math.h>
¢ include <time.h>

extern unsigned char ‘ChromosomeBuffer,*ChromosomeTemp; Il Buffer for string
extern int population,size;
extern float “CostBuffer, ‘CostTemp:

extern FILE *file;
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/1 Function are not in this file
float CostSum(void);

void UpdateCost(void);

/1 Function are in this file
void Allocindex(void);

void AllocProb(void);

void AllocCumulative(void);
void CostReproduct(void);

void Copyltem(unsignhed char ‘Soure,int soure,unsigned char ‘Destination,int
destination);

int ‘Index;

float *Prob, ‘ Cumulative;

void Allocindex(void)

{
Index=(int *(malloc(population*sizeof(int));
if(lndex == NULL)
{
printfC'Not enough memraory for Index...\n");
exit(0);
}
)
void AllocProb(void)
{
Prob=(float *)malloc(population*sizeof(float) );
i f (Prob == NULL)
{
printf("Notenough memmory for Prob...\n");
e xit(0) ;
)
)
void AllocCumulative(void)
{
Cumulative=(float *)malloc(population*sizeof(float));
if(Cumulative == NULL)
(
printfC'Not enough memmory for Cumulative...\n") ;
exit(0);
)
)

void Copyltera(unsigned char ‘Soure,int soure,unsigned char ‘Destination,int
destination)

{ o
int i;
for(i=0;i<size;i++)
Destination[destination*size+i]=Soure[soure'size+i];
if(Soure == ChromosomeTemp)
CostBuffer[destination]=CostTemp(soure];
if(Soure == ChromosomeBuffer)
CostTemp[destination]=CostBuffer[soure] ;
)

void CostReproduct(void)
{ float sum,roulette;
int [
Allocindex();
AllocProb();
AllocCumulative ();
sum=CostSum();
for(i=0;i<population;i++)
Cumulative[i] = sum-CostBuffer[i];
sum = (float)O;
for(i=0;Kpopulation;i++)
sum+-Cumulativeli] ;
for(i=0;i<population;i++)
Prob[i]J=Cumulative[i]l/sum;
Cumulative[0]=Prob[0];
for(i=l;i<population;i++)
Cumulativeli]J=Prob[i]+Cumulativel[i-1];
for(j=0;j<population;j++)

roule tte= (float) (rand ()‘rand 0% 1000000) / (float) 1000000;
for(i=0;Kpopulation;i++)



{
if(roulette > Cumulative[i] &6 roulette <=
{
Index(j]=i+1;
break;
else(roulette <= Cumulative(0));
{
Index[j]=0;
break;
)
}

)

for(i=0;i<population;i++)
Copyltem(ChromosomeBuffer,Index[i], ChromosomeTemp,

for(i=0; i<population;i++)
Copyltem(ChromosomeTemp,i,ChromosomeBuffer,i) ;

UpdateCost();

free(Cumulative);

free(Prob);

free(Index);

Cumulative[i+1])

327
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Construct

Construct

1. Construct.cpp

2. Cost.cpp

PELELEE T i ririrr i
/Il File Construct.cpp

Il Last update 23/10/97

PHELLEEE i r i rrrr i
#include <stdio.h>

((include <stdlib.h>

((include <conio.h>

((include <time.h>

#define Version "Construct version I\n"
((define LastUpdate "Last update 23/10/97\n"
((define MaxBuffer 5

#define mark Oxf

((define unmark 0

char ‘station,‘Mark;
int col,row,size,table;
float ‘cost,' frequency;

/1 Functions are in this file
void PrintVersion(void);
void Process(void);

void Initial(void);

void ShowParameter(void) ;
void Getsize(void);

void GetFrequency(void);
void GetCost(void);

void PrepareStation(void);
void ShowStation(void);

void ShowMark(void);

/1 Function are not is this file
float Evaluate(void);

FILE ‘FreqTable, CostTable;
char buffer[MaxBuffer];

char ‘Buffer;

/*

Function ShowMark

Input NONE

Output: NONE

Describe Show Mark bits
*/

void ShowMark(void)

{

printf("Mark = [ ");

for(i=0i<size;i++)

{
if(Mark[i] == mark) printf("1 ");
else printf("0 ");

printf("]J\n\ ");
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/*

Function ShowStation
Input : NONE

Output: NONE

Describe Show all stations
*/
void ShowStation(void)
{
int i;

printf("Station \n[");
for(i=0;i<size;i++)

printf("%d ",stationti]);
printf("\b]\n") ;

/*
printf("FrequencySn");
for(i=0;i<table;l++)
printf("Frequency [%d] = %2.2f\n",i,frequencylil]l);
getch();
M1 - « . R P
getch();
*/
)
/*
Function ParepareStation
Input : NONE
Output: NONE
Describe : Alloc memory for station table and random value to table
*1
void PrepareStation(void)
{
int i, j;
station = (char *Jmalloc(sizeof(char)*size);
if(station == NULL)
(
printf("Insufficent memory for station table\n");
exit(0);
>
for(i=0;i<size;i++)
(
station[i] = rand()%size;
for(j=0;j<ijj++)
(
if(station[i] == stationl!j])
<
station(i) = rand()%size;
j = -1; 1l Start loop agrain
)
>
>
)
/*

Function GetCost

Input : NONE

Output: NONE

Describe : Open INPUT.DAT file for get Cost table

*/
void GetCost(void)
<
int i;
cost = (float *)malloc(sizeof(float)*table);
if(frequency == NULL)
(

printf("Insufficent memory for cost table\ ");
e xit(0) ;

for(i=0;i<table;i++)

fgets(buffer,MaxBuffer,CostTable) ;
sscanf(buffer,"% f",scost[i]);



/*

Function GetFrequency

Input NONE

Output: NONE

Describe : Open INPUT.DAT file for get Frequency table
\%

void GetFrequency(void)

<
int i;
frequency = (float *)malloc(sizeof(int)*table);
if(frequency == NOLL)
(
printf("Insufficent memory for frequency table\n")
exit(0);
>
for(i=0;i<table;i++)
{
fgets(buffer,MaxBuffer,FreqTable) ;
sscanf(buffer,"% f",«frequencyli]);
)
)
/*

Function Getsize

Input NONE

Output: NONE

Describe : Open INPUT.DAT file for get row,col

evaluate size by formula "Plant.size = row*col"
and evaluate size of frequency 4 cost table
by formula Table.size = 2*(row*col);
\%
void Getsize(void)
(
fgets(buffer,MaxBuffer,FreqTable);
sscanf(buffer,"%d",srow);
fgets(buffer,MaxBuffer,FreqTable);
sscanf(buffer,"%d",scol);
size = row * col; // Evaluate size of Plant
table = size * size; // Evaluate size of Table
)
*

Function ShowParameter
Input : NONE
Output: NONE

Describe : Show all Parameter structure

*

/

void ShowParameter(void)

{
printf (" ") ;
printf("Row - %d\n",row);
printf("Columm = %d\n",col);
printf("Size = %d\ ",size);
printf (" )

)

/*

Function Initial
Input : NONE
Output: NONE
Describe : Input value of Parameter structure such as
- genertion of chromosome
- population of chromosome
- mutate value
- etc.
and open any files for used

*/
void Initial(void)
{
if ((FreqTable = fopen("Freq.dat","rt")) == NULL)
<
printf("Can not open file V'Freq.DAT\"\n");
exit(0);
)
if((CostTable = fopen("Cost.dat","rt")) == NULL)
(

printf("Can not open file V'Cost.dat\"\ ");
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exit(0);
}
Getsize();
GetFrequency() ;
GetCost();
PrepareStation();
ShowParameter();
ShowStation();
fclose(FreqTable);
fclose(CostTable);

/*

Function Process
Input NONE
Output NONE

Describe : This function is created for decrease line of main program
*/
void Process(void)
{
float BestCost,Cost;
int i,j,BestPosition;
Buffer = (char *)malloc(sizeof(char)*size);

for(i=0;i<size;i++)
Buffer[i]=(char)Oxff;
Buffer[O]=station[0) ;
for(j=l;j<size;j++)
<
printf("State (%d]\n",j);
BestCost=(float)3.4E+38;
for(i=lji<size;i++)
{ if(Buffer[i] == (char)Oxff)
t Buffer[i]J=station]j];
Cost=Evaluate();

printf("\tCost[%d] = %f\ ",i,Cost);
if(Cost < BestCost)
(

BestCost=Cost;
BestPcsiticn=i;

}
Buffer(i]=(char)O xff;

)

printf("Best position is %d\n\n",BestPosition);getch();
Buffer[BestPosition]=station[j];

printf("New station is\n[ ");
for(i=0;i<size;i++)
{
printf("%d ",Bufferl[i]);
station[i]=Buffer[i];

printf("]\n");
)

/*

Function PrintVersion
Input NONE

Output: NONE

Describe : Print Version & Last update of program
*/

void PrintVersion(void)

{

printf(Version);
printf(LastUpdate);
)

void main(void)

(
clock_t start, finish;
double use;

PrintVersion();
Initial();
start=clock();
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Process ();

finish=clock();

use=(double)(finish-start)/CLOCKS_PER_SEC;

printf("Function sucessfully used time = %2.2f sec.\n”,use);

)

HAVEEEEEETErrp i i i i i i
/Il File Cost.cpp

/1l Last update 31/05/97

PELLLLEE b rrrrrr
tinclude <stdio.h>

#include <stdlib.h>

#include <math.h>

Idefine mark Oxf
tdefine unmark 0

extern char ‘station,‘Buffer;
extern int col,row,size,table;
extern float ‘frequency,' cost;
float Evaluate(void);

float Dij(int i,int j);

I*

Function GetFrequency

Input NONE

Output: NONE

Describe Open INPUT.DAT file for get Frequency table

*
/
float Evaluate(void)
<
int i,j,N=0;
float Cost;
Cost=(float)O;
for(i=0;i<size;i++)
for(j=0;j<size;j++)
(
Cost+=(Dij(i,j)*(float)frequency[N]* (float)cost[N]);
N++;
}
)
return Cost;
)
/*

Function GetFrequency

Input : NONE

Output: NONE

Describe : Open INPUT.DAT file for get Frequency table

*/

float Dij(int i,int j)

{
int xI,x2,yl,y2;
int N,M;
for(N=0;N<size;N++)

{
if(Buffer[N]==i) break;

if(N==size) return (float)O;
for(M=0;M<size;M++)

if(Buffer[M]==]j) break;

1

if(M==size) return (float)O;
x| = N/col;

yl = N%col,;

X2 = M/col;

y2 = M%col;

return (float)sqrt(pow ((xI-x2),2)+pow((yl-y2) ,2));
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SDPI

SDPI

I SDPI

Craft.cpp

TILLTIT T i rrrrrrr
/1l File Craft.cpp

/1l Last update 30/11/97

FEITTTTT T i i r i

¢include <iostream.h>
¢include <time.h>

¢include <stdio.h>
einclude <stdlib.h>
¢include <string.h>
einclude <fstream.h>
¢include <process.h>
¢include <math.h>
¢include <conio.h>

const int LEN = 100;
int Row,Column; //IRow and Column of Plant

int StringLength; /IRow * Coulmn = number of station
int totalarr;

int counter;

float costchange; /ldifferent between cost
float min; //store minimun cost change
int *costflow; /lcost of material flow
int *freflow; /lfrequency of material flow

char *bufferl;
char *buffer2;

class String

{
int StringPlant[LEN]; //String plant layout
float cost; /ICost of plant
public :
FEELETE bbby
String!) /lconstructor no argument
{
cost = (float)0.0;//initial cost and array of StringPlant to be zero

for(int a=0;a<StringLength;a++)

StringPlant[a]=0;
)

/* fortint j=0;j<totalarr;j++) /lused for check total cost array
cout«costflow[jl« " "
cout«endl;
for (int 1=0;Ktotalarr; 1++) /lused for check total fre array
cout«freflow [I]J« ™ ; \%

FELLETE b
-String()
/ldestructor

{

FELLLLLE i i i i i i rrrrn
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int RandomNumber(int StringLength) /IRandom Funtion

{
return rand()%StringLength;

FEEELEEEErrrrrrrrrr i i rrrrrn

void initstringl) //lnitial Random string
{
int temp;
for(int i=0;i<StringLength;i++)
{
if (i==0)
(

temp=RandomNumber(StringLength);
StringPlant[0] = temp;

)
else
(
temp=RandomNumber(StringLength);
forfint j=0;j<i;j++)
(
if(StringPlant[j) == temp)
{
temp“ RandomNumber(StringLength);
i—1
>
if(StringP lant[j] != temp & j==i-1)
break;
StringPlant[j+1]=terap;
)
}
PILTLTEE LT i i i i i rrririrg
void evaluate(void) /lcalculate cost
{
int i,j,N=0;

cost = (float)O0.0O;
for(i=0;i<StringLength;i++)

for(j=0;j<StringLength;j++)

(
cost+=(Distij(i,j)*costflow[N)*freflow (N]);
N++;
)
)
FHELLEEE L i rrrrrrr
float Distij(int i,int j)
(

int xl,x2,yl,y2;

int N,M;

for(N=0;N<StringLength;N++)
if(StringPlant(N)==i) break;

for(M=0;M<StringLength;M++)
if (StringPlant[M]*“ j) break;

x| = N/Column;
yl = N%Column;
X2 = M/Column;

= M%Column;

y2
return (float)sqrt(pow((x1-x2),2)+powW((yl-y2),2));

PILTLEETL T i i i r i i i rrrrrrrrn
void swap(int x,int vy) /lswap bit position
<
int temp;
temp=StringPlant[x];
StringPlant(x)“StringPlant[y];
StringPlant[yl“temp;

Strings copy(const strings St)
(

for(int i“0;i<StringLength;i++)
(
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StringPlant[i]=st.StringPlantl[i];
}

return *this;

PIOELELE i rrrrrrrrrnd
float difference(String right)

(
float diff = cost-right.cost;
return diff;
)
PIOEETEEE i i rrrrrr
void display)) /ldisplay string
{
cout«"\n";
for(int j=0;j<StringLength;j++)
(

cout«StringPlant[jl«™"
)

cout«"is "«cost;

)
FHEDLEEL i bbb i rrrrrrrrr

main ()
{
cout«"Number of station are not more than 30";
cout«"\nNumber of Row:";
cin » Row;
cout«"\nNumber of Column:";
cin » Column;
StringLength = Row*Column; /IBoundary of StringPlant
totalarr = StringLength*StringLength;

costflow = new int[totalarr*sizeof(int)];
freflow = new int[totalarr*sizeof(int)];
bufferl = new char[totalarr*sizeof(char)]; /Ipointer to each line(cost)
buffer2 = new char[totalarr*sizeof(char)]; /lpointer to each line(freq)
I N NNy
ifstream in filel("cflow.dat"); /linput data
if(infilel==NULL)
{
cerr«"\nCould not open cflow.dat file";e xit(1);
>
for(int i=0;ictotalarr;i++)
{
infilel.getline(bufferl,totalarr,'\n");
/lread line of text
costflow([i]=atoi(bufferl);
ifstream infile2 ("fflow.dat") ; /linput data
if(infile2==NULL)
(
cerr«"\nCould not open freflow.dat file";e xit(1);
>
for(int k=0;k<totalarr;k++)
(
infile2.getline(buffer2,totalarr,1\n");
/lread line of text
freflow[k]=atoi(buffer2);
}
/* for(int y=0;y<totalarr;y++) /lused for check input file data
{
cout«costflow [y] « " ;
)
for(int h=0;h<totalarr;h++)
{
cout«freflow[h] « " ;
-1
n il n
clock_t start, finish; /lcalculate time in process
double duration;
start = clock));

FELLLEE b rrrrrn
String stl,St2,St3;
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stl.initstring();
stl.evaluate();
/1 stl.display();
counter = 0;
do

min = (float)0.0;

cout«"\nNumber of iteration"«counter;

for(int t“0;t<StringLength-I;t++)
for(int I=t+I;KStringLength;1++)

(
gttlz.evalu(attelsj ;
.CO ST s co rom s
g%%gvgﬁwteo; IIst2 copy f t
Q1S , use or check up strin
1 St2.swapp€t¥8; /lused for check up string
COUt(("\ﬂ"( ISWap"«t<<" Il«l;
St2.eva|11ate(),
St2.disp ay(%,
coste .”39 st2.difference Igstl) llcal St2 - stl
cout<<™ diff 15 "«costchange;
|

If(costchange<0)

( if(costchange<min)
{ min=costchange
St3. COpy(StZ? //St3 copy from St2
)
}

St3.evaluate();
!/l st3.displayQ;
stl.copy(st3);
counter++
while(mincO)

//////////////////////////////////////////////////////////////////////////////////////
cout«'"\nSummary data" /ldisplay summary
cout«”\nNumber of total iterations is "«counter;
cout«"\nresult is ";

R N N N N NNy
finish = clockd; /lcalculate time in process
duration = (double)(finish - start) / CLOCKS_PER_SEC;
cout«"\ntotal used time cpp"«duration«" seconds";
FHELEEET i e
delete Ucostflow;
delete (]freflow;

delete [Jbufferl; //ldelete buffer for cost
delete []buffer2; /ldelete buffer for frequency
return O;

HHTEEEEEEEE LT T
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