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KEY WORD: Electricity Charge / Planning
SUNISA KULPANAPINUNT : PRODUCTION AND OPERATIONS PLANNING FOR
REDUCTION OF ELECTRICITY CHARGE: A CASE STUDY OF A HAIR-
NOURISHING MANUFACTURING. THESIS ADVISOR : SEERONK PRICHANONT,
Ph.D.. 94 pp.

J

This research studies the produciion planl_(":‘ing precess at the mixing stage of a hair-nourishing
manufacturing plant. The ubjei:_l.i_w'ﬂfl.-ht study is 1o reduce the plant’s clectricity charge. The author
developed a mixed-integer pru_g.ui'ﬁ for the m‘ohidhi, But since the computational time for real-world
problems is usually high, a heuristic 1o solve the problem was also developed.

The heuristic that was dgﬁ'c]#j}qd,;onsist:; of two main steps. With the first step. the job-
machine assignments were deiermined with the nhju_:mnc of minimizing the total energy charge. This
is done through the selving of & m’u'r.:d—intr:ger prqi;;ar:n specifically developed for this step. The
second step determines the start times of the jobs nnj'éﬁ}.pﬁchiﬁc, The objective of the second step is
to find the starting times of the jobs that minimize Iﬂ’e’)%nnand charge. In the second step, there are
three strategies used in cheosing the sequence of the ;wﬂhint to be processed in the heuristic.
Strategy | chooses 1o process machines in a aacmmng order of the machine’s power. Strategy 2
chooses to process machines in an increasing order of the machine’s power, while Swrategy 3 chooses
to process machines in a random manner.

The compuaiional resuli§ for(differenrsifesof problemsdie 5,410, 20, and 30 jobs) show
that the heunistic with Strategy | outperforms the other two stralegies with the maximum of 3 percent
deviation from (he besy integet selution felind ffoni the mixed-integer program. the computational

time of the heunstic using Swategy 1 1% at most 5 second. This shows that the heuristic can be

practically used in real-world environment.
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Heuristic Minimize ElectricCost(H) {
Assign(J,M)
Sort(H,M)
M "<~ InitialSchedule(J, M)
While M’#~ & {
m éPop(M’ )
foreach(j in J,,) Schedule(;)
M < M “im}
}
S <~ Solution(J,M)
Improve(S)
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Procedure InitialSchedule(J, M)
Begin
L &— min{d j}
JEJ
M=M
Foreachm €M
RM(m) €— Calculate RemainingTime(m)

If RM(m) <L then
Scheduling (j,m,b)
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End for
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End
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Procedure StartPeriod(j in J ,)
Begin
For eachjinJ
A4; <— CalculateStartingPeriod(y)
B, & LowestElectricPower(A,.)
C, < MaxConsecutiveEmpty(B)
N, & Count(Bj)
N, & Count(C})
If V,= 1) then
b < Extract (B)
Scheduling (j,m,b)
Else if N,> 1 then
if N, =1 then
b < Extract(Cj)
Scheduling (j,m,b)
Else if N,> 1 then
b & Extract(Q)

Scheduling (7,m,b)
End if
End if
End for
End
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Minimize Cost

### set Index ###
set Job;

set Machine;

set Period;

### set Variables ###

var a{Job, Machine}, binary;

var StartingPeriod{Job, Machine, Period}, binary;
var WorkedPeriod{Job, Machine, Period}, binary;
var CleanedPeriod{Job, Machine, Period}, binary;
var EnergyCharge{Period}, >=0;

var Peak, >=0;

### set Parameters ###

param Horizon;

param NoJobs;

param duration{Job};

param ElectricPower{Machine};

param JobworkonMachine{Job,Machine};

#H#H Model #it#

# Obj Function #
minimize MinPeak: (0.4683*(sum{j in Job, m in Machine}
(duration[j]*a[j.m])*ElectricPower[m]) + (132.93*Peak));

# Constraint #
s.t. Constraint_00{m in Machine}:
sum{j in Job} (duration[j]+1)*a[j.,m] <= Horizon;

s.t. Constraint_O0{j in Job, m in Machine}:
a[j.,m] <= JobworkonMachine[j,m];

s.t. Constraint_1{j in Job}:
sum{m in Machine} a[j,m] = 1;

s.t. Constraint 2{j in Job, m in Machine}:
sum{p in 1._Horizon-duration[j]} StartingPeriod[j.m,p] = a[j.m];

### Worked Period ###

s.t. Constraint_3{j in Job, m in Machine, p in 1._Horizon-duration[j]}:
sum{q in p..p+tduration[j]1-1} WorkedPeriod[j,m,q] >=

duration[j]*StartingPeriod[j,m,p]l;

s.t. Constraint_4{j in Job, m in Machine, p in 1._Horizon-duration[j]}:
sum{q in (Period diff p.._p+duration[j]-1)} WorkedPeriod[j,m,q] <=
(Horizon-duration[j])*(1-StartingPeriod[j,m,p]);

s.t. Constraint_5{p in Period, m in Machine}:
sum{j in Job} WorkedPeriod[j,m,p] <= 1;

### Clean ###
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s.t. Constraint_6{j in Job, m in Machine, p in 1._.Horizon-duration[j]}:
CleanedPeriod[j,m,p+duration[j]] = StartingPeriod[j,m,p]l;

s.t. Constraint_7{j in Job, m in Machine, p in duration[j]+1..Horizon}:
sum{ji in Job} WorkedPeriod[ji,m,p] <= (1 - CleanedPeriod[j,m,p])*NoJobs;

### Calculate Peak ###
s.t. Constraint_8{p in Period}:

EnergyCharge[p] = sum{j in Job, m in Machine}
ElectricPower[m]*WorkedPeriod[j,m,p];

s.t. Constraint_9{p in Period}:
Peak >= EnergyCharge[pl;

Minimize ElectricPower

#it# set Index ###
set Job;

set Machine;

set Period;

#i## set Variables ###
var a{Job, Machine}, binary;
var G{Machine}, binary;

H### set Parameters ###

param Horizon;

param NoJobs;

param duration{Job};

param ElectricPower{Machine};

param JobworkonMachine{Job,Machine};

### Model ###

# Obj Function #
minimize MiIinEP: sum{m in Machine} ElectricPower[m]*G[m];

# Constraint #
s.t. Constraint_00{m in Machine}:
sum{j in Job} (duration[j]+1)*a[j,m] <= Horizon;
s.t. Constraint_O0{j in Job, m in Machine}:
a[j.,m] <= JdobworkonMachine[j,m];
s.t. Constraint_1{j in Job}:
sum{m in Machine} a[j,m] = 1;
s.t. Constraint_2{j in Job, m in Machine}:

G[m] >= a[j.m];
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~Generate Problem */

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

/* Global Variables */
FILE *fp;

int Jobs, Machines, Periods;

int i,j;

int n,r,lr;
int interval,randomduration;
float randomkP,rf,prob,fract = 100;

int main(int argc, char *argv[])

{
char probname[100];

if(argc 1= 2)

printf(CError in command kine argument - Don"t forget
indicate INPUT FILEITI'™);
exit(l);
}

*******************\n\n . ') ;
printf(C'Input the number of Jobs : ");
scanf("'%d", &Jobs);

printf('Jobs = %d\n", Jobs);

printfF(""Input the number of Machines : ");
scanf("'%d", &Machines);
printf("'Machines = %d\n", Machines);

printf("'Input the number of Periods : ");

scanf("'%d", &Periods);
printF("'Periods = %d\n", Periods);

strcpy(probname, argv[1]);
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fp = fopen(probname,"w');

printf("'Please input NO. of Iteration to pickup "Random Number
Seed*\n"");

printf("'for Generate Problem : ');

scanf("'%d”, &lIr);

for(i=1; i<lr; i++)

{
}

/* Write Title into File */

r = randQ);

****************************\n ' ') -
’

/* Write Title into File */

fprintf(fp, "Problem %s\n\n", probname);
fprintf(fp, ""Jobs %d\n"*, Jobs);
fprintf(fp, "‘Machines %d\n*", Machines);
fprintf(fp, "Periods %d\n\n'*, Periods);

/* Write Parameters duration */
fprintf(fp, ""\n***durationofJobs***\n");
for(i=1; i<=Jobs; i++)

{
fprintf(fp, "JI%d™, 1);
/* random number of durations */
prob = (float)1/(6); /* discrete probability of duraion =>
8,10,12,14,16,32 = 6 intervals */

r = randQ);
rf = (r % 100)/fract; /* rf is random 0.00 - 0.99 */
interval = floor(rf/prob) + 1; /* interval = 1,2,3,4,5,6 */

/* set duration forieach 'interval */
if(interval ==.1)

{ randomduration = 8;
glse if(interval == 2)
{ randomduration = 10;
glse if(interval == 3)
{ randomduration = 12;
%Ise if(interval == 4)

randomduration = 14;



else if(interval == 5)
{
randomduration = 16;
else if(interval == 6)
{

randomduration = 32;

}

fprintf(fp, "%5d\n', randomduration);

/* Write Parameters Electric Power */
fprintf(fp, ""\n***ElectricPower***\n"");
for(i=1; i<=Machines; i++)
{

fprintf(fp, “"M%d", i);

r = randQ);
rf = (r % 100)/fract; /* rf is random 0.00 - 0.99 */

randomEP = 1 + 99*rf; /* continuous distribution
Uniform[1,100] */

fprintf(fp, "%8.2F\n", randomEP);

/* Write Parameters JobworkonMachine */
fprintf(fp, ""\n***JobworkonMachine***\n') ;
for(i=1; i<=Jobs; i++)

{
for(J=1; j<=Machines; j++)
{
fprintf(fp, "JI%d-M%d\n", i,§);
3
3

printfFC'"\n\nFinished);

fclose(fp);
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/* Heuristic Peak */

#include<stdio.h>
#include<math.h>
#include<stdlib.h>
#include<string.h>
#include<time.h>

#define SET 1
#define UNSET O

#define FEASIBLE 1
#define INFEASIBLE O

#define DO 1
#define UNDO O

#define DONE 1
#define UNDONE O

#define START 1
#define STOP O

FILE *fpr, *fpo;
char str[100],datafile[50];

/* Clock */
clock_t start, finish;
double runtime;

/* Read Data */

int Jobs,Machines,Periods,Horizon;
int *UsedPeriod;

int *MachineofJob;

int *durationofJob;

float *ElectricPowerofMachine;

float MinPeak, Peak;
float EnergyCharge[50];

/* Variables for Best Solution */

int **BestAllocatedPeriod, **BestWorkedPeriod, **BestScheduledPeriod;

float BestMinPeak;
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int **AllocatedPeriod, **WorkedPeriod, **ScheduledPeriod; /* Period m,p

*/
int StartingPeriod[50];
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int FirstPeriod[50];

/* Variables for Neighbor Solution */
int JOB[50],FP[50];
int BestJOB1,BestFP1,BestJOB2,BestFP2;

int **TempPeriod;
int fsb = FEASIBLE;

/* variables in function Order_ ElectricPower and Scheduling */
int NOofStartingPeriodofjob[100];

int MC[50],TempMC;

float EP[50], TempEP;

int SDJOB[50];

int Period,duration;

/* Parameter : function improveSolution */
int MaxIT = 20;

FEAIAIAAAAAAAAAXAAAAAITTAAAX*X ******/

void ReadData();

void SetlInitialSchedule();

void Order_ElectricPower_Increasing(Q);
void Order_ElectricPower_Decreasing();
void Order_ElectricPower_Random();
void Scheduling();

void SetWorkedPeriod(int j, int StartingPeriod);

void SetAllocatedPeriod(int j, Iint StartingPeriod);

void SetScheduledPeriod(int j, Int StartingPeriod);

void SetTempPeriod(int j, int StartingPeriod); /* same workedperiod */

void UnSetWorkedPeriod(int j, int StartingPeriod);

void UnSetAllocatedPeriod(int j, /int StartingPeriod);

void UnSetScheduledPeriod(int j, int StartingPeriod);

void UnSetTempPeriod(int j, int StartingPeriod); /* same workedperiod */
void PrintSchedule();

void FPrintSchedule();

float CalculatePeak(int **TP);

void CopyPeriod(int **Periodl, int **Period2);

void AllocateMemory();
void FreeMemory();

float SummationPeakofJob(int j, int i);

void FirstlmproveSolution();



void ImproveSolution();

/

main(int argc, char *argv[])
{

int InitialRoutes;

int j;

if(argc 1= 3)

printF("Error in command line argument - Please indicate
INPUT FILE and OUTPUT FILE!II');
exit(1l);
}

strcpy(datafile, argv[1]);
printf('Data File = %s\n\n', datafile);

fpo = fopen(argv[2], "w");
ReadData();

start = clock();

R R R e S e = **************/

fprintf(fpo, "\n\n\nOrdering Machine - Decreasing Electric
Power\n');

SetlnitialSchedulie();

Order_ElectricPower_Decreasing();

Scheduling(Q);

iT(fsb = INFEASIBLE)

{
/***Construct*>**/
fprintf(fpo, "***Construct***\n");
FPrintSchedule();
fprintf(fpo, '"\n\nPeak = %.2Ff\n', BestMinPeak);
printf(C"\n\n");

}

else

{
fprintf(fpo, "Infeasible!!I\n™);
FPrintSchedule();

}

FirstimproveSolution();
/***Firstimprove***/
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fprintf(fpo, ""\n\n***Firstlimprove***\n'");
FPrintSchedule();

fprintf(fpo, '"\n\nPeak = %.2Ff\n", BestMinPeak);
printfF(C"\n\n"");

ImproveSolution();

/***Improve***/

fprintf(fpo, ""\n\n***Improve***\n"");
FPrintSchedule();

fprintf(fpo, ""\n\nPeak = %.2F\n", BestMinPeak);
printf(C"\n\n"");

Y folaiaialoiaiabalaialababan. . oo . 2nd Type
R R R R e *********/

fprintf(fpo, '"\n\nOrdering Machine - Increasing Electric
Power\n');

SetlnitialSchedule();

Order_ElectricPower_Increasing();

Scheduling(Q);

if(fsb = INFEASIBLE)

{
/***Construct***/
fprintf(fpo, "***Construct***\n");
FPrintSchedule();
fprintf(fpo, '"\n\nPeak = %.2Ff\n", BestMinPeak);
printf(C"\n\n");

}

else

{
fprintf(fpo, "Infeasiblel!I\n™);
FPrintSchedule();

}

FirstimproveSolution();

/***Firstimprove***/

fprintf(fpo, ""\n\n***Firstimprove***\n'");
FPrintSchedule();

fprintf(fpo, '"\n\nPeak = %.2f\n", BestMinPeak);
printf(C"\n\n"");

ImproveSolution();

/***Improve***/

fprintf(fpo, ""\n\n***Improve***\n");
FPrintSchedule();

fprintf(fpo, '"\n\nPeak = %.2Ff\n", BestMinPeak);
printf(C"\n\n'"");

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

fprintf(fpo, ""\n\n\nOrdering Machine - Random Electric Power\n);
SetlnitialSchedule();



Order_ElectricPower_Random();

Scheduling();

iT(fsb = INFEASIBLE)

{
/***Construct***/
fprintf(fpo, "***Construct***\n');
FPrintSchedule();
fprintf(fpo, '""\n\nPeak = %.2f\n", BestMinPeak);
printFC"\n\n");

}

else

{
fprintf(fpo, "Infeasible!li\n'");
FPrintSchedule();

}

FirstimproveSolution();

/***Firstimprove***/

fprintf(fpo, "\n\n***Firstlimprove***\n'");
FPrintSchedule();

fprintfF(fpo, ""\n\nPeak = %.2Ff\n", BestMinPeak);
printf(C"\n\n"");

ImproveSolution();

/***Improve***/

fprintf(fpo, "\n\n***Improve***\n");
FPrintSchedule();

fprintf(fpo, '""\n\nPeak = %.2Ff\n", BestMinPeak);
printF(C"\n\n");

finish = clock();

runtime = (double)(finish - start) / CLOCKS_ PER _SEC;
printf("'Run Time = %0.41F sec\n\n", runtime);
fprintf(fpo, '"\n\nRun Time = %0.41f sec\n\n", runtime);

FreeMemory();
fclose(fpo);

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

/* Function : ReadData()

/* - Read Data from Data File.

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

void ReadData()
{ o
int j,m;
fpr = fopen(datafile, "r');



/* Read first line - 3 parts*/
fscanf(fpr, "%s', str);
fscanf(fpr, "%s', str);
fscanf(fpr, "%s'", str);

/* Read Problem */
fscanf(fpr, "%s', str); /* Read Problem */
fscanf(fpr, "%s', str); /* Read Problem Name */

/* Read number of Jobs, Machine and Periods */
fscanf(fpr, "%s', str); /* Read a Word “Jobs®" */
fscanf(fpr, "%d", &Jobs);

printfF("'Jobs = %d\n", Jobs);

fscanf(fpr, "%s', str); /* Read a Word "Machines® */
fscanf(fpr, "%d", &Machines);
printf("'Machines = %d\n', Machines);

fscanf(fpr, "%s"™, str); /* Read a Word "“Periods® */
fscanf(fpr, "“%d'", &Periods);

Horizon = Periods;

printfF("'Periods = %d\n", Periods);

AllocateMemory();
/* Read duration of Job */

fscanf(fpr, "%s', str); /* Read a line */
for(J=1; j<=Jdobs; j++)

{
fscanf(fpr, "%s™, str); /* Read J */
fscanf(fpr, "%d", &durationofJdob[j]); /* Read duration */
}
for(J=1; j<=Jobs; j++)
{
printf("'duration of J%d is %d\n'", j, durationofJob[j]);
}

/* Electric Power */
fscanf(fpr, "%s'", str); /* Electric Power */
for(m=1; m<=Machines; m++)
{
fscanf(fpr, "%s'", str); /* Read M */
fscanf(fpr, "%f", &ElectricPowerofMachine[m]); /* Read
Electric Power */

3

for(m=1; m<=Machines; m++)

{
printf("Electric Power of M%d is %.2f\n", m,
ElectricPowerofMachine[m]);

}
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/* MachineofJob */
fscanf(fpr, "%s'", str); /* Read MachineofJob */
for(j=1; j<=Jobs; j++)
{
fscanf(fpr, "%s'", str); /* Read J */
fscanf(fpr, "%d", &VachineofJob[j]);
3
for(j=1; j<=Jobs; j++)
{
printf("'J%d is %d\n*, j, MachineofJob[]j]);

fclose(fpr);

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

/* Function : SetlnitialSchedule()

/* - Set Initial Scheduling.

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

void SetlnitialSchedule()

{ _
int m,p;
for(m=1; m<=Machines; m++)
{
for(p=1; p<=Periods; p++)
{
WorkedPeriod[m][p] = O;
AllocatedPeriod[m][p] = O;
ScheduledPeriod[m][p] = O;
TempPeriod[m][p] = O;
BestWorkedPeriod[m]l[p] = O;
BestAllocatedPeriod[m][p] = O;
BestScheduledPeriod[m][p] = O;
}
}
BestMinPeak = 0;
MinPeak = O;
}

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

/* Function : Order_ElectricPower_Increasing()
/* - Order Electric power - Increasing.

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

void Order_ElectricPower_Increasing()

{

int i,j;
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/* Set Schedule JOB */
for(j=1; j<=Jobs; j++)

SDJOB[j] = O;
}

/* Copy Machine and Electric Power */
for(i=1; i<=Machines; i++)

{
MCLi] = i;
EP[1] = ElectricPowerofMachine[i];
}
for(i=1l; i<=Machines; i++)
{
printf('Machine %d , Power = %f\n",MC[i], EP[il);
}

/* Order Increasing */
for(i=1; i<=Machines; i++)
{
for(J=1; j<Machines; j++)
ift(EP[j] > EP[j+1])
{
TempEP = EP[j+1];
EP[j+1] = EPL[i]:
EPLJ] = TempEP;
TempMC = MC[j+1];
MCLi+1] = MCLi]:
MC[j] = TempMC;
}
}
printf(C"\n\n"");

for(i=1; i<=Machines; i++)

{
}

printf(**Machine %d , Power = %f\n",MC[i], EP[i]):

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

/* Function : Order_ElectricPower_Decreasing()
/* - Order Electric power - Decreasing.

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

void Order_ElectricPower_Decreasing()

{
int i,j;

/* Set Schedule JOB */
for(J=1; j<=Jdobs; j++)
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SDJOB[j] = O;
3

/* Copy Machine and Electric Power */
for(i=1; i<=Machines; i++)

MCLi] = 1;

EP[i] = ElectricPowerofMachine[i];
}
for(i=1; i<=Machines; i++)
{

printf("'Machine %d , Power = %f\n",MC[i1], EP[i]);

/* Order Decreasing */
for(i=1; i<=Machines; i++)
{
for(J=1; j<Machines; j++)
if(EP[j] < EPLj+1D)
{
TempEP = EP[j+1];
EP[J+1]1 = EP[}1;
EP[J] = TempEP;
TempMC = MC[j+1];

MCLi+11 = MCLi]:
MCLj] = TempMC;

3
3
printf(C"\n\n");

for(i=1; i<=Machines; i++)

{
}

printf("'Machine %d , Power = %f\n",MC[i], EP[i]);

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

/* Function : Order_ElectricPower Random()
/* - Order Electric power (- Random.
/*

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

void Order_ElectricPower_Random()

{ o
int i,j,m,r;
int SAME;

/* Set Schedule JOB */
for(j=1; j<=Jobs; j++)
{



SDJOB[j] = O;

}

/* Copy Machine and Electric Power */

printf("'Machine %d , Power = %f\n",MC[i], EP[il);

ElectricPowerofMachine[m];

for(i=1; i<=Machines; i++)
{
MCLi] = i;
EP[i] = ElectricPowerofMachine[i];
}
for(i=1; i<=Machines; i++)
{
}
/* Order Random */
i=1;
while(i <= Machines)
{
r = randQ;
m = (r % Machines) + 1;
if(i==1)
{
MCLi] = m;
EPLi] =
1++;

}
else if(i > 1)

{

}

SAME = O3

/* check SAME */
for(g=1; j<i; j++)

iIT(MC[J] == m)
{
SAME = 1;
break;
k;

}

iF(SAME == 0)
{
MC[i]
EP[i]
1++;

}
printf(C"\n\n"");

for(i=1;
{

i<=Machines; i++)

m;
ElectricPowerofMachine[m];
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printf("'Machine %d , Power = %f\n",MC[1], EP[i]);

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

/* Function : Scheduling(Q)
/* - Scheduling.
/*

void Scheduling(Q)
{
int i,j,m,n;
int a,sp,rj,jb;
float MinSumPeak,sumpk;

int SMC[100];

int WorkingPeriodsofMachine[50];
int RemainingPeriodsofMachine[50];
int MinimumPeriods;

int SPMinPeak;
int MaxEmptyPeriod, maxep;

int nominpeak;

Jb=0;

/* Set Machine = UNDO */
for(m=1; m<=Machines; m++)

SMC[m]} = UNDO;
}

/* First Step */
/* Ffind MinimumPeriods */
for(j=1; j<=Jobs; j++)

{
ifg==1)
{
MinimumPeriods = durationofJob[j];
¥
else
iT(durationofJob[j] < MinimumPeriods)
{
MinimumPeriods = durationofJob[j];
}
}
}

/* Tind WorkingPeriodsofMachine */
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for(m=1; m<=Machines; m++)

{
WorkingPeriodsofMachine[m] =
CalculateWorkingPeriodsofMachine(m);

}

/* Ffind RemainingPeriodsofMachine */
for(m=1; m<=Machines; m++)

{
RemainingPeriodsofMachine[m] = Horizon -
WorkingPeriodsofMachine[m];

}

/* Find machines which RemainingPeriodsofMachine < MinimumPeriods
*/
for(m=1; m<=Machines; m++)

if(RemainingPeriodsofMachine[m] < MinimumPeriods)

{
}

sMC[m] = DO;

}

/* Initial Schedule */
for(m=1; m<=Machines; m++)
{

sp = 1;

iT(SMC[m] == DO)

for(J=1; j<=Jobs; j++)

ifT(MachineofJob[j] == m)

{
StartingPeriod[j] = sp;
SetWorkedPeriod(j, StartingPeriod[j]):;
SetAllocatedPeriod(j, StartingPeriod[j]);
SetScheduledPeriod(j, StartingPeriod[j]);
FirstPeriod[jJ] = sp;

SDJOB[j] = 1;
sp = sp + durationofJob[j] + 1;

/* Loop Schedule */
for(m=1; m<=Machines; m++)

i F(SMC[MC[m]] == UNDO)
{

for(j=1; j<=Jobs; j++)
{
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if(MachineofJob[j] == MC[m])

{

SDJOB[rj] == 0)

(durationofJob[rj]+1);

duration + 1;

i++)

Jb = jb+1;

/* Calculate Starting Periods */
duration = O;
for(rj=1; rj<=Jobs; rj++)

if(MachineofJob[rj] == MC[m] &&

{

duration = duration +

}

NOofStartingPeriodofjob[j] = Horizon -

n=1;
for(i=1l; i<=NOofStartingPeriodofjob[j];

{
/* Check Feasible Period */

Period = FEASIBLE;
for(a=i1; a<=i+durationofJob[j]; a++)

{

if(AllocatedPeriod[MachineofJob[j]l]l[a] == SET)
{

TempPeriod);

StartingPeriod[j]);

CalculatePeak(TempPeriod);

Period = INFEASIBLE;

break;
¥
s
if(Period == FEASIBLE)
itf(nh==1)
{

CopyPeriod(WorkedPeriod,
StartingPeriod[j] = i;
SetTempPeriod(]j,

MinPeak =

n = n+l;

SPMinPeak = i;
MaxEmptyPeriod =

CalculateMaxConsecutiveEmptyPeiod(j,i);



SummationPeakofJob(j,1);

TempPeriod);

CalculatePeak(TempPeriod);

= Sp;

CalculateMaxConsecutiveEmptyPeiod(j,i);

SummationPeakofJob(j,i);

empty period */

CalculateMaxConsecutiveEmptyPeiod(j,1);

MaxEmptyPeriod)

MaxEmptyPeriod = maxep;

SummationPeakofJob(j,1);

MaxEmptyPeriod)

SummationPeakofJob(j,i);

MinSumPeak)

SPMinPeak = i;
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MinSumPeak =

}
else if(n>1)

{
CopyPeriod(WorkedPeriod,

sp = 1i;
SetTempPeriod(jJ, sp);

Peak =

if(Peak < MinPeak)

{
MinPeak = Peak;
StartingPeriod[j]
SPMinPeak = 1i;
MaxEmptyPeriod =
MinSumPeak =

}
else if(Peak == MinPeak)
{

/* Calculate max
maxep =

if(maxep >

SPMinPeak =

MinSumPeak =

else if(maxep ==

{

sumpk =

if(sumpk <
{
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MaxEmptyPeriod = maxep;

MinSumPeak = SummationPeakofJob(j,i);

s
}
}
n = n+l;
s
p’
}
if(n>1)
{

SetWorkedPeriod(j, SPMinPeak);
SetAllocatedPeriod(j, SPMinPeak);
SetScheduledPeriod(j, SPMinPeak);
FirstPeriod[j] = SPMinPeak;

Peak = CalculatePeak(WorkedPeriod);
SDJOBLj] = 1;

}
else 1T(n==1)

printf(""infeasible!!\n");
fsb = INFEASIBLE;

break;
¥
}
}
}
}
iT(fsb = INFEASIBLE)
{
PrintSchedule();
/* Keep Best */
CopyPeriod(WorkedPeriod, BestWorkedPeriod);
CopyPeriod(AllocatedPeriod, BestAllocatedPeriod);
CopyPeriod(ScheduledPeriod, BestScheduledPeriod);
printf(C"\n\n"");
MinPeak = CalculatePeak(WorkedPeriod);
printf("minpeak = %.2F\n", MinPeak);
BestMinPeak = MinPeak;
¥
else
{
printf(C"\nInfeasible!\n");
}

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

/* Function : FirstlmproveSolution()



/* -
/*

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

void FirstlmproveSolution()

{

SET)

float EPS = pow(10,-4);

int JobatMinPeak[50];
int i,j,p,m,rp;
int OK;

/* Set Job at MinPeak */
for(i=1; i<=Jobs; i++)

{

}

/* Set Job at Peak */
for(p=1; p<=Periods; p++)

JobatMinPeak[i] = O;

iT(MinRPeak-EnergyCharge[p] <= EPS)
{

for(m=1; m<=Machines; m++)

iT(ScheduledPeriod[m][p]1>0)
{
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JobatMinPeak[ScheduledPeriod[m][p]] = SET;

}

}

/* print */
for(J=1; j<=Jdobs; j++)
{

printf('JobatMinPeak[%d] = %d\n', j, JobatMinPeak[j]);

for(J=1; j<=Jdobs; j++)

{
iT(JobatMinPeak[j] == SET)
{

//printf('IOB =-%d\n", J);
for(p=1; p<=Periods-durationofJob[j]; p++)

UnSetAllocatedPeriod(jJ, FirstPeriod[j]);
OK = SET;

/* loop check empty period */
for(rp=p; rp<=p+durationofJob[j]; rp++)

if(AllocatedPeriod[MachineofJob[jl1]1[rp] ==



OK = UNSET;
break;

//printf(C’p = %d , OK = %d\n", p, OK);

1 F(OK==SET)

{
CopyPeriod(WorkedPeriod, TempPeriod);
UnSetTempPeriod(j, FirstPeriod[j]);
SetTempPeriod(j, p);

Peak = CalculatePeak(TempPeriod);
//printf(C'OK Peak = %.2f\n", Peak);

iT(Peak < BestMinPeak)

{
BestMinPeak = Peak;
UnSetWorkedPeriod(j,
FirstPeriod[]j]);
SetWorkedPeriod(jJ, p):
UnSetAllocatedPeriod(J,
FirstPeriod[j]);
SetAllocatedPeriod(j, p);
UnSetScheduledPeriod(j,
FirstPeriod[j]);
SetScheduledPeriod(j, p);
FirstPeriod[j] = p;
}
else
{
/*copy Alocated back*/
SetAllocatedPeriod(]j,
FirstPeriod[j]);
}
//PrintSchedule();
//7getch();
}
}
}
}
printFC"\n\n\n*** First Improve Solution ***\n\n");
PrintSchedule();

MinPeak = CalculatePeak(WorkedPeriod);
printf(""'minpeak = %.2f\n", MinPeak);
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//getch();
}
Y Asiaiaieiaiaiaieiaiaioisiaiaisiniaiaisiaiaiaisiaiaiaiaiaiaiaiaiaiaiaiaiaiaialaiaiaialataliaie /
/* Function : ImproveSolution()
/* -
/*

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

void ImproveSolution()

{
int 1t=0;
int r;
int mc,nj;
int i,j,p,Temp;

int J1,SP1,J2,SP2;

while(it < MaxIT)

{
it = 1t+l;

/* random Machine */
r = randQ);

r = r % Machines;

mc = r+1;

/* Count no.job in M/C and keep value */
nj=0;
for(J=1; j<=Jobs; j++)

if(MachineofJob[j] == mc)
{
nj = nj+1;
JOB[nj] = J;
FPInj] = FirstPeriod[j];

}
printf("'*** Iteration = %d ***\n", it);

PrintSchedule(Q);
printf("'Swaped M/C = %d , No. of Job in M/C = %d\n", mc,

/*print*/
for(J=1; j<=nj; j++)

{
printf('JOB[%d] = %d , FP[%d] =
%d\n\n", j,JOB[i1.J,.FPLi1);

}
//getch();

if(nj == 0)
{
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/**/

}

else if(nj == 1)
/**/

}

else if(nj > 1)

/* Order nj increasing period */
for(i=1; i<=nj; i++)

for(g=1; j<nj; j++)

{
if(FP[j] > FPLj+1D)
{
Temp = FP[j+1];
FPLj+1] = FP[j];
FPLJ1 = Temp;
Temp = JOB[j+1];
JOB[j+1] = JOBLil;
JOB[j] = Temp;
}
/
}
/*for(i=1;"i<=nj; i++)
{

printF("JOB[%d] = %d , FP[%d] =
%d\n",i,JOB[i],i.FP[i]):

}
getch(Q;*/

/* Swap 2-consecutive */
for(i=1; i<nj; i++)

if(i==1)

{
CopyPeriod(WorkedPeriod, TempPeriod);
UnSetTempPeriod(JOB[i], FP[il);
UnSetTempPeriod(JOB[i+1], FP[i+1]);

SetTempPeriod(JOB[i+1], FP[i]);
SetTempPeriod(JOB[i],
FPLi+1]+durationofJob[JOB[i+1]]-durationofJob[JOB[i]1]);

Peak = CalculatePeak(TempPeriod);
MinPeak = Peak;

BestJOB1 = JOB[i];

BestFP1 = FP[i];

BestJOB2 = JOB[i+1];

BestFP2 = FP[i+1];

/* First NB */
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printf("Jobl = %d, FP1 = %d ; Job2 = %d,
FP2 = %d\n", JOB[i], FP[i], JOB[i+1], FP[i+1]);:

}

else if(i>1)

{
CopyPeriod(WorkedPeriod, TempPeriod);
UnSetTempPeriod(JOBLi], FPLi]);
UnSetTempPeriod(JOB[i+1], FP[i+1]);

SetTempPeriod(JOB[i+1], FPLi]);

SetTempPeriod(JOB[i],
FP[i+1]+durationofJob[JOB[i+1]]-durationofJob[JOB[i]]);

Peak = CalculatePeak(TempPeriod);

/* Keep BestNeighbour */
if(Peak < MinPeak)

{
MinPeak = Peak;
BestJOB1 = JOB[i];
BestFP1 = FP[i];
BestJOB2 = JOB[i+1];
BestFP2 = FP[i+1];

ks

}

/* Copy BestNB to Current Solution */
UnSetWorkedPeriod(BestJOB1, BestFPl);
UnSetAl locatedPeriod(BestJOBl, BestFP1);
UnSetScheduledPeriod(BestJOB1, BestFP1);

UnSetWorkedPeriod(BestJOB2, BestFP2);
UnSetAllocatedPeriod(BestJOB2, BestFP2);
UnSetScheduledPeriod(BestJOB2, BestFP2);

SetWorkedPeriod(BestJOB2, BestFPl);
SetAllocatedPeriod(BestJOB2, BestFPl);
SetScheduledPeriod(BestJOB2, BestFP1);

SetWorkedPeriod(BestJOB1,
BestFP2+durationofJob[BestJOB2]-durationofJob[BestJOB1]);

SetAllocatedPeriod(BestJOB1,
BestFP2+durationofJob[BestJOB2]-durationofJob[BestJOB1]);

SetScheduledPeriod(BestJOB1,
BestFP2+durationofJob[BestJOB2]-durationofJob[BestJOB1]);

Temp = FirstPeriod[BestJOB2];

FirstPeriod[BestJOB2] FirstPeriod[BestJOB1];

FirstPeriod[BestJOB1] Temp + durationofJob[BestJOB2]
- durationofJob[BestJOB1] ;



/* Best NB */

printf("'/*** Best NB ***/\n"");
PrintSchedule();

//getch();

/* Compare BestNB and BestSoltion */
if(MinPeak < BestMinPeak)
{
BestMinPeak = MinPeak;
CopyPeriod(WorkedPeriod, BestWorkedPeriod);
CopyPeriod(AllocatedPeriod,
BestAllocatedPeriod);
CopyPeriod(ScheduledPeriod,
BestScheduledPeriod);

}

printf(""BestMinPeak = %.2F\n\n\n"", BestMinPeak);
//getch(Q;

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

/* Function : SummationPeakofJob()
/* -
/*

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

float SummationPeakofJob(int j, int i)

{
float sum=0;
int rp,rm;
float EC=0;
float EnergyCharge[50];
for(rp=i; rp <= i+durationofJob[j]-1; rp++)
EnergyCharge[rp] = O;
for(rm=1; rm<=Machines; rm++)
{
EC = TempPeriod[rm][rpl*ElectricPowerofMachine[rm];
EnergyCharge[rp] = EnergyCharge[rp] + EC;
}
sum = sum + EnergyCharge[rp];
}
return sum;
}
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/* Function : CalculateMaxConsecutiveEmptyPeiod()
/* -
/*

/ 1\1\1\1\1\1\7(7(7(7(7(7(7(7(7(7(/

int CalculateMaxConsecutiveEmptyPeiod(int j, int 1)

{

int p,n;
int MaxCSEP,D,Count;

MaxCSEP = 0;
n =0;

D=1;

Count = STOP;

/* Temporary Set*/
TempPeriod[MachineofJob[j1][i+durationofJob[j]] = SET;

for(p=1; p<=Periods; p++)

iT(TempPeriod[MachineofJob[j]]1[p] == UNSET)

{
if(n == 0)
Count = START;
¥
iT(Count == START)
{
n = n+l;
}
3
else if(TempPeriod[MachineofJob[j]11[p]l == SET)
{
if(D == 1)
iT(Count == START)
{
MaxCSEP = n;
n = 0;
D = D+1;
Count = STOPR;
s

}
else if (D > 1)

iT(Count == START)
{
if(n > MaxCSEP)
{
MaxCSEP = n;
n = 0;

D = D+1;
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Count = STOP;

}

/* Last Check */
if(TempPeriod[MachineofJob[j]][Periods] == UNSET)

if(D == 1)
{
MaxCSEP = n;
3
else it (D > 1)
{
iT(n > MaxCSEP)
{
MaxCSEP = n;
s
3

}

/* Temporary Set*/
TempPeriod[MachineofJob[jl][i+durationofJob[j]1] = UNSET;

return MaxCSEP;

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

/* Function : CalculateWorkingPeriodsofMachine()
/* -

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

int CalculateWorkingPeriodsofMachine(int m)

{ o
int j;
int wpm=0;
for(J=1; j<=Jobs; j++)
if(MachineofJob[j] == m)
{
wpm = wpm + durationofJob[j] + 1;
}
}
return wpm;
}

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

/* Function : SetWorkedPeriod()



/* - Set Worked Period.
/*

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

void SetWorkedPeriod(int j, int StartingPeriod)

{ i
int p;
/* excluding CleanedPeriod */
for(p=StartingPeriod; p<=StartingPeriod+durationofJob[j]-1; p++)
{
WorkedPeriod[MachineofJob[j]1[p] = SET;
}
}

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

/* Function : SetAllocatedPeriod()
/* - Set Allocated Period.

/*
Y felaiaisiaiaiaiaiaiaiaisiaiaialol” skeF b | * TR RN
void SetAllocatedPeriod(int j, Int StartingPeriod)
{ _
int p;
/* including CleanedPeriod */
for(p=StartingPeriod; p<=StartingPeriod+durationofJob[j]; p++)
AllocatedPeriod[MachineofJob[j]11[p] = SET;
}
}

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

/* Function : SetSchedufedPeriod()
/* - Set Scheduled Period.
/*

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

void SetScheduledPeriod(int j, int StartingPeriod)

{
int p;
/* excluding CleanedPeriod */
for(p=StartingPeriod; p<=StartingPeriod+durationofJob[j]-1; p++)
ScheduledPeriod[MachineofJob[J11[p] = i:
¥
}
V Ssieiaioiaieiaioiaiaiaiaioiaiaiaioliaiaiaiaiaialatalale /

/* Function : SetTempPeriod()

/* - Set Temp Period.

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

void SetTempPeriod(int j, int StartingPeriod)



int p;
for(p=StartingPeriod; p<=StartingPeriod+durationofJob[j]-1; p++)
{
TempPeriod[MachineofJob[j]]1[p] = SET;
}

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

/* Function : UnSetWorkedPeriod()

/* - UnSet Worked Period.

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

void UnSetWorkedPeriod(int j, int StartingPeriod)

{ _
int p;
/* excluding CleanedPeriod */
for(p=StartingPeriod; p<=StartingPeriod+durationofJob[j]-1; p++)
WorkedPeriod[MachineofJob[j]1[p] = UNSET;
}
}

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

/* Function : UnSetAllocatedPeriod()

/* - Set Allocated Period.

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

void UnSetAllocatedPeriod(int j, int StartingPeriod)

{
int p;
/* including CleanedPeriod */
for(p=StartingPeriod; p<=StartingPeriod+durationofJob[j]; p++)
AllocatedPeriod[MachineofJob[j]1[p] = UNSET;
}
}

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

/* Function : UnSetScheduledPeriod()

/* - Set Scheduled Period.

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

void UnSetScheduledPeriod(int j, int StartingPeriod)

{ i
int p;

/* excluding CleanedPeriod */
for(p=StartingPeriod; p<=StartingPeriod+durationofJob[j]-1; p++)



ScheduledPeriod[MachineofJob[J]11[p] = UNSET;

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

/* Function : UnSetTempPeriod()

/* - Set Temp Period.

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

void UnSetTempPeriod(int j, int StartingPeriod)

{ )
int p;
for(p=StartingPeriod; p<=StartingPeriod+durationofJob[j]-1; p++)
{ TempPeriod[MachineofJob[j]1[p] = UNSET;

) }

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

/* Function : PrintSchedule()

/* - Print Schedule.

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

void PrintSchedule()
{

int rm,rj,rp;

/* print Werked period */
/* printf("\nWorked Period\n');
for(rm=1; rm<=Machines; rm++)
{
printf(C'M%d **, rm);
for(rp=1; rp<=Horizon; rp++)

prinef("'%3d™, WorkedPeried[rm][rp]);
-
printf('\n'");
}
printf(C"\n\n");

/* print Allocated period,*/
/* printf(C"\nAllocated Period\n™);
for(rm=1; rm<=Machines; rm++)
{
printf('M%d ', rm);
for(rp=1; rp<=Horizon; rp++)
{
printf('%3d" ,AllocatedPeriod[rm][rpl);

printf(’'\n"");
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printf(C"\n\n"");

/* print schedule period */
printfF(’"\nSchedule Period\n');
for(rm=1; rm<=Machines; rm++)

{
printf('M%d ', rm);
for(rp=1; rp<=Horizon; rp++)
{
printf("'%3d",ScheduledPeriod[rm][rp]);
}
printf("\n"");
}

/**********************************************/
/* Function : FPrintSchedule()

/* — Print Schedule in file.

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

void FPrintSchedule()
{

int rm,rj,rp;

/* print into file */
/* fprint schedule period */
fprintf(fpo, '"\nSchedule Period\n™);

for(rp=1; rp<=Periods; rp++)
{
iT(rp==1)
{
fprintf(fpo, P%d™, rp);

}
else if(rp>1 && rp <10)

{
fprintf(fpo, " P%d™, rp);

}
else if(rp>=10)

fprintf(fpo, " P%d™, rp);
}

b
fprintf(fpo, *\n");

for(rm=1; rm<=Machines; rm++)

{
fprintf(fpo, ""M%d', rm);
for(rp=1; rp<=Horizon; rp++)

{

3
fprintf(fpo, "\n");

fprintf(fpo, "%7d",ScheduledPeriod[rm][rp]);



for(rp=1; rp<=Periods; rp++)

{
if(rp==1)
{
fprintf(fpo, * %.2F", EnergyCharge[rp]);
}
else if(rp>1 && rp <10)
{
fprintf(fpo, " %.2F*, EnergyCharge[rp]);
}
else 1f(rp>=10)
{
fprintf(fpo, " %.2F', EnergyCharge[rp]);
}
}

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

/* Function : CopyPeriod()
/* - Copy Period.

/*
Y falaiaiaiaiaiaioiaialalaiaiaiaioiaioia oy i oeei ¥ *%x/
void CopyPeriod(int **Periodl, int **Period2)
int i,j;
for(i=1; i<=Machines; i++)
{
for(j=1; j<=Periods; j++)
{
Period2[i][j]1 = Periodi[il[j];
}
}

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

/* Function :, Calculate Peak()
/* - Calculate Peak.
/*

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

float CalculatePeak(int **TP)
{

int rp,rm;
float EC, Peak;

for(rp=1; rp<=Periods; rp++)

{
EnergyCharge[rp] = O;
for(rm=1; rm<=Machines; rm++)

{
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EC = TPLrm][rp]*ElectricPowerofMachine[rm];

EnergyCharge[rp] = EnergyCharge[rp] + EC;
}

if(rp==1)

Peak = EnergyCharge[rp];
glse if(rp>1)

iT(EnergyCharge[rp] > Peak)

Peak = EnergyCharge[rp]:

}

return Peak;

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

/* Function : AllocateMemory()
/* - Allocate Memory.
/*

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

void AllocateMemory()
{

int i;

printf("'%d\n", Jobs);

MachineofJob = (int *) malloc((Jobs+1l)*sizeof(int));

durationofJob = (int *) malloc((Jobs+l)*sizeof(int));

ElectricPowerofMachine = (float *)
malloc((Machines+1)*sizeof(float));

BestAllocatedPeriod = (
for(i=0; i<=Machines; i

{
BestAllocatedPeriod[i] = (int *)
malloc((Periods+l)*sizeof(int));
b

BestWorkedPeriod = (int **) malloc((Machines+1l)*sizeof(int));
for(i=0; i<=Machines; i++)

{
BestWorkedPeriod[i] = (int *)
malloc((Periods+1l)*sizeof(int));
}

i
++)

nt **) malloc((Machines+1l)*sizeof(int));
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BestScheduledPeriod = (int **) malloc((Machines+l)*sizeof(int));
for(i=0; i<=Machines; i++)

{
BestScheduledPeriod[i] = (int *)
malloc((Periods+1)*sizeof(int));
}

AllocatedPeriod = (int **) malloc((Machines+1)*sizeof(int));
for(i=0; i<=Machines; i++)

AllocatedPeriod[i] = (int *)
malloc((Periods+1l)*sizeof(int));
}

WorkedPeriod = (int **) malloc((Machines+l)*sizeof(int));
for(i=0; i<=Machines; i++)

WorkedPeriod[i] = (int *) malloc((Periods+1l)*sizeof(int));
}

ScheduledPeriod = (int **) malloc((Machines+l)*sizeof(int));
for(i=0; i<=Machines; i++)

ScheduledPeriod[i] = (int *)
malloc((Periods+l)*sizeof(int));

TempPeriod = (int **) malloc((Machines+l)*sizeof(int));
for(i=0; i<=Machines; i++)

{
}

TempPeriod[i] = (int *) malloc((Periods+l)*sizeof(int));

UsedPeriod = (int *) malloc((Machines+1)*sizeof(int));

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

/* Function : FreeMemory()
/* - Free Memory.
/*

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

void FreeMemory()

{

int i;

free(MachineofJob);
free(durationofJob);
free(ElectricPowerofMachine);



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

{
}

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

free(BestAllocatedPeriod[i]);

free(BestWorkedPeriod[i]);

}

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

{ free(BestScheduledPeriod[i]);
}

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

i free(AllocatedPeriod[i]);

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

free(WorkedPeriod[i]);

}

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

{ free(ScheduledPeriod[i]);
}

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

: free(TempPeriod[i]);

free(UsedPeriod);
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