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Abstract: This paper present a single machine scheduling problem with common due date to minimize the
earliness and tardiness (E/T). Earliness and tardiness are considered harmful to profitability. Earliness causes
inventory carrying costs and possible loss of product quality, while tardiness causes loss of customer goodwill
and delay of payment. Thus the scheduling problem of minimizing the total sum of earliness and tardiness with a
common due date on a single machine is important task in scheduling problem and delivery of goods in
production plants, and it is known to be NP- Hard problem. In this paper a heuristic algorithm is presented and
can be performed manually for small systems and by using Java language for large systems
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I.  Introduction
In this paper we consider the static scheduling. In other words, the set of jobs to be scheduled is known in
advance and is simultaneously available. Consider the problem of sequencing n independent jobs on a single
machine with common due date d. For job i, the completion time, the earliness and tardiness, will be denoted by
Ci, Ejand T;respectively. Let S denote an arbitrary schedule. Then,

E, =max(0,d -C,) T, =max(0,C, —d).
Using the notations and definitions of Panwalker et al. (1982) we can formulate the cost function for the due
date assignment problem for single machine as

n
f(d,S)=> (Rd+PR,E +RT,). )
i=1
In the cost function equation (1), Py, P,, and Ps, respectively, denote the per unit due date, earliness, and
tardiness costs. For the common due date assignment and scheduling the objective is to select d and to schedule
the jobs such that f(d,S) is minimized. To describe a E/T model for the single machine from equation (1), let P,
= 0 then equation (1) becomes,

Then the problem reduces to a pure scheduling problem for single machine. Actually equation (2) describes
earliness and tardiness problem when the penalties of earliness and tardiness are equal. In the case of non-equal

F(S)=D (RE +RT). 2)

penalties, the cost function of equation (2) for single machine case becomes
n
f(S)=2 (&E +5T) Q).
i=1

In the cost function of equation (3) ¢ and ﬂi denote per unit earliness, and tardiness costs for J;
respectively.
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3 ...n. it is assumed that all jobs are ready for processing at time zero and have the same common due date the
problem is to find the order of jobs in which these n jobs should be processed so as to minimize the sum of total
earliness and tardiness costs. The common due date is assumed to be less than the total processing time.

I1.  Literature Review

Job scheduling or sequencing has a wide variety of application, from designing the product flow chart and order
in a manufacturing facility to modeling queues in service industries. The problem of earliness and tardiness
single machine with common due date has been consider by baker and scudder (1990). All the jobs considered
have a common due date. The objective was to find optimal schedules which minimize the total earliness and
tardiness. Since then, the problems have been studied under different environments. Later Nordin Haji
Mohamad and Fatimah Said (2011) Studied Single Scheduling with common due date. They provided an
algorithm to solve the problem.

I11. A Heuristic Algorithm.

Below, we present Nordin Haji Mohamed and Fatimah a heuristic algorithm for solving n-jobs single
machine scheduling problem with common due date. In this paper we need to use his algorithm and writing Java
language to implement for solving small and large systems.

Given n jobs to be processed on a single machine, the processing time of jobs i beingt; i=1, 2, 3... n. It is
assumed that all jobs are ready for processing at time zero and have the same common due date. The problem is
to find the order or schedule in which these n jobs should be processed so as to minimize the sum of total
earliness and tardiness costs. The common due date, is assumed to be less than the total processing time.

Step 0: Sort and number the n jobs in non increasing order of processing time t; (i= 1,2,....... n) Such that t; >
L2t ...2 2t ... t,. In genera,l we can represent the jobs in tabular form,
Ji Jl jz ji-l ji ji+l .............. jn
{j i o b G i t
Compute
Total processing time, T= YLt

To=T- DandE,= D
Introduce two empty sets, SF=0 and S{=0 .

Step 1: Consider job j; with processing time t; = max (t,1,2,3,.......n)
SetT,;=Tgand E;=E,
If T;< EjsetSE =5E={J}and ST=5]
If T,> E;set ST = ST+{J;}and SE=S¢
Step i : consider job J; with processing time t; ,( 1< i<n)
If previous job, Ji € SE ; compute T; =T; and E; = Eji-tiy
If previous job, Ji;€ ST, compute T; =T;;-t.;and E; = E;y
Assignment decision
If Ti< EjsetSE=5SE +{J}and ST=sT
If T;> EjsetST =ST +{J}and SE=SE |
Iteration terminates when all jobs have been assigned to either SF or ST
Scheduling decision
Check (and sort if necessary) so that:
SE={jobs in non-increasing order of processing times},
ST= {jobs in non-decreasing order of processing times}
The optimal schedule S*= { S ST}in other words , jobs are schedule according to their sequence in SE
followed by ST
Note that the procedure only involves n enumerations (iterations) as compared to n! possible schedules.
We illustrate the above algorithm by considering the example below:

jObS Ji Jo J3 Ja
pi 8 10 4 7
a 1 1 1 1
,8 1 1 1 1
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According to jobs scheduling which was done by abdelaziz Hamed and Bahrom Sanugi (2002) using neural
network approach for above dataTheir schedule result showed that j,,js,j4, j1 With total cost equal 26 units.

So we want presented this algorithm for above example

Step 0: Sort and number the 4" jobs in non-increasing order of processing time t;

The table below show that:
jObS Js N Js J3
pi 10 8 7 4

Stepl:-T=);t; =29and D=15

Introduce two empty set S§ =@ and SJ = @

Tp=29-15 =14 then and Ey= 15 Set T; = Toand E1=E,
t1: 10

Ti< E;setSE =SE+ {3,;} andST=S]" so J,€ { SE}

Step 2: consider J, with processing time t,= 8
Previous jobJ,€ SECompute T, =T, and E,= E; -t;
T,=14 andE,=15-10=5

Assignment decision is:

T,> E,set ST = ST+ {J,} andS¥=Sf so J,e { S/}

Step 3: consider J; with processing time t;= 7
Previous jobJ,€ STCompute T3=T,tand E;=E,
T;=14-8=6 andEz=5

Assignment decision is:

Ts> Esset ST =S+ {J;} and S¥=S¥ so0J; J,€ { ST}

Step 4: consider J4 with processing time t,;= 4
Compute T,=Tst;and E4 = E3
T,=6-7=1 andEz=5
Assignment decision is:
Tu< EysetSF =SE+ {J}and ST=ST sol, Ji€ { SE}
SE= {jobs in non-increasing order of processing times}
ST= {jobs in non-decreasing order of processing times}
The optimal schedule S*= { SE,ST}in other words , jobs are schedule according to their sequence in SE
followed by ST .
End of iteration since all jobs have been assigned to either Sf , or ST
Then we observe that jobs in S£= {J1,J,} are in non-increasing order but in S ={ J,, J; } are should be in non
decreasing order so
Si={Sf,SIY} asshown {Ji, Js Jp J3} according to our sorting in first time J; = J,, 34 = J3, Jo= 1y, Js= 14
so our scheduling will be as
J>,J3,J1, Js. And the cost is equal 26 units.

below: S;={Sf,sT'}

jobs J, Ja N Ja
pi 10 4 7 8

G 10 14 21 29
| C-DI 5 1 6 14

Giving F1=¥7_,|C; — D| =26
We compare between the two algorithms we get the same result of scheduling with cost 26 units

IV.  Java Application Language Program (JALP)
So in this Section we designed computer program by (JALP) to solve the problem of scheduling for large
number of jobs or system i.e. 100 jobs to be scheduled in one machine which it will became very complicated
although its solvable when we use our previous heuristic algorithm, but (JALP) was easy and its accurate as well
as our heuristic algorithm, so If we want to applied our previous example with Java application language
program the result is to be optimal and show that
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J2, J3,J1, Jawith the cost is equal 26 units. For the Software and the result see appendix I and |1

V.  Conclusion
In this paper we have presented Nordin Haji Mohamed and Fatimah a heuristic algorithm for solving

n-jobs single machine scheduling problem with common due date. And we used it with Java language to
implement for solving small and large systems. We illustrate with two examples one with manual approach and
another with Java software we get an optimal solution in two examples. Future research can be carried out on
studying similar models in multi machine environment.
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[3]
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(5]
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Appendix |
Java language Software application:

public static wolid main(String[] args) {

Scanner key = new Scanner (System.in)
int T[] = new int[100]:
int E[] = nmnew int[100]:
int SE[] = mnew int[100]:
int ST[] = mew int[100]:
int J[] = new int[100]:
int 5[] = mew int[100]:
int t[] = new int[100]:
int ci;le__ciat:e y Time;
Sy=stem.cut.print ("Enter the Due date = ")
due_date = key.nextInt():
int n;s
System.cut.print ("Enter the umber of job=s ="});
n = key.nextInt();
for (int i = 1; 1 <= n; i++) {
System.out.print ("Enter the process time <t[" + i + "]=");
t[i] = key.nextInt();
int sum = 0;
Syastem.out.print ("\n FEEsEERsEs The Procezs Time Befor Sorting ***&&efssrsx®\p\n t[i] = ")
for (int i = 1; i <= n; i++) |
System.cut.print ("[ " + t[i] + " 1");
sum = sum + t[i]:
Time = sum;
System. out.print ("\n\n *¥kEEERREERE The Summation Of Process Time *#*#*®xkésxxs\n\n\t\t T =" + Time)

for (int i = 1; i <= mn; i++) {
for (int 3 = 1; j <= n; j++) §
if (t[3] < t[j + 1]) ¢
int temp = t[j + 1]:
tly + 11 = ©[ils
t[j] = temp;

JIi] = t[il:
System.out.print ("[ " + t[i] + " |");

T[0] = Time - due_date;
E[0] = due_date;
T[1] = T[o]:
E[1] = E[0]:
int i = 1;
int e =1, 38 =1;
while (i <= n) {
if (T[i] > E[i]) {
5T[e] = JIi]:

TIi + 11 = T[i] - t[il;
E[i + 1] = E[i]:
e+t;

} else {

DOI: 10.9790/5728-1206048288 www.iosrjournals.org 85 | Page



Solving Earliness and Tardiness Single Machine Scheduling Problem with Common Due Date

SE[s] = J[i]:

T[i + 1] = T[i]:
E[i + 1] = E[4] - t[i]:

S++;
}
i++;
}
for (int v = 1; v < e; v++) {
System.out.print ("\n3T [" + v + " ] = " 4 5T[v] + "\n");
}
for (int u = 1; u < 3; u+t) {
System.out.print ("\n3E [" + w + " ] = " 4 SE[u] + "\n");
}
int z = e + 3;

for (1 = 1; i < z; i+4) {
if (i € s) {
5[i] = SE[il:
} else {
5[i] = ST[--e]:

H

int C[] = new int[100]:
int DE[] = new int[100]:
int DEA[] = new int[100];

C[o] = 0:
int CA[] = new int[100]:
Ca[0] = 0

for (1 = 1y i < z; i++) {
C[i] = C[1i - 1] + 5[1i]:
DE[1] = Math.abs(C[i] - due date);
CAa[i] = CA[Li - 11 + t[i]l:
DEA[1] = Math.sbs(CA[i] - due date):

System. out.println({"\t\t --------------- The Jobs Befor Scheduling
System. out.print("\n J] 1 ] =M,
for(i=1;i<z-1; i) {
System,out.print ("7[" + 14 "1" 4+ "\ET);
}

System.out.print {("\n ----——————-———-——————

System.out.print {("\n t[ i ] = ");

for (i = 1; 1 < z - 1; i++) |
System.out.printc (c[i] + "W\t"):

H

Svstem.svt.orint i "™\np -------------—-————————————————
System.out.print("\n --——-——————————

System.out.print ("\n C[ i ] = Ty»
for (i = 1; i « z - 1; i++) {
System.out.print (CA[L] + "“t"):

b

System.ovt.print("\n -------———————-—--

System. cut.print("\n |C[ 1 ] - D] = ");
for (1 = 1; 1 < =z — 1y i++) {
System. cut.print (DEA[Li] + "\t"):

\n");
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System.ovt.print {("\n ————————————————.
int £f£f = 0;
for (i = 1; i < =z - 1; i++) {

ff = £ff + DEA[i]:

1
System.ouvt.print{("\n - -—————————————

int £f = 0;
for (i = 1; i < z — 1; 1i++) {
ff = £f + DEA[i]:

System, out.println("\n\t)

Ll

System, out.princln({"\n\n\t\t

System, out.print("\n 5[ * | ="

forfi=lLii<z-1 i) {
System,out.print(S[i] + "\t");

System.ocut.print ("\n

System.ocut.print ("\n C[ 1 ] -

for (i = 1 1 < z - 1; i++) {
System.ocut.print (C[1] + "\ t");

}
System,.cvt.print("\n -----------———— - —
System.out.print("\n |C[ i ] - D] = "):

for (i =1; i « z - 1; i++) {
System.cout.print (DE[i] + "“&"):

System.out.print ("\n

int £ = 0;

for (i =1y i <z - 1; i++) |
f=Ff + DE[i]:

}
System. cut.println("\n\tyt\t F* = " + £ + " (penzalty day

Appendix 11
The Applications of the software above for our example and its result 1/

nter the [Cue date = 15

nter the Humber of joka =4

the process time t[l]=8

ter the process time t[Z2]=10
ter the process time t[3]=4

0 TR O O O N I
H 1
ct
m
H

nter the process time t[4]=7

DOI: 10.9790/5728-1206048288 www.iosrjournals.org 87 | Page



Solving Earliness and Tardiness Single Machine Scheduling Problem with Common Due Date

hddkdddkddd The Process Time Befor Sorting *hesdeddddddd
tfil = [ 8 1[ 10 1[ 4 1[ 7

Fhkhkddibddds The Summation O Process Time *hsdddedddds

dhddkddhdddds The Procss Time After Sorting *dddkeddddes

tl[il =[ 10 10 &8 1L 7 1[ & 1
ST [11 =28

5T [2 1 =

=1

JL il = JI[11 Jrzl T3l J[4]

_____ Jobs Title

t[ i1 = 10 =] 7 4

_____ Jobs Time

ClL i1 = 10 ie 25 23

_____ Completion time
ICL i 1 - Dl =5 3 10 14

_____ Comleted Time After the desired

——————————————— The Jobs After Scheduling---—-—--—-———————---
s[ * 1 = 10 4 7 =]
Time of Jobs Scheduling
Cl i1 = 10 14 z1 3]
Completion Time
ICL i1 -0l =5 1 [ 14

Comleted Time After the desired
F* = Z§ (penalty days)
BUILD SUCCESSFUL (teotal time: 1 minute 17 seconds)
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