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Abstract

In this paper we consider to parallel machines scheduling problems for minimizing mean
tardiness that is known NP-complete. This problems is classified into two cases, one of
which is the case which processing time are identical and the other, nonidentical. A Tabu
Search method is applied to the problems considered in this paper to get an improved
solution. To this end, we design move attribute, Tabu attribute and Tabu tenure, and
thereafter perform the experiments to the problems.

1. Introduction

In this paper we consider to parallel machines scheduling problems that occurs the
bottleneck in the manufacturing system, parallel processing in the computer system. This
problems is classified into two cases, one of which is the case which processing time are
identical and the other, nonidentical. The performance of scheduling in this paper is mean
tardiness. This problem, which has been studied for a long time(1,3,6,8], that is known
NP-complete. Therefore the use of heuristic algorithm is the resonable better than optimal
algorithm in application of real problem. Ho-Chanl7] proposes TPI(Traffic Priority Index)
priority that compose the EDD(Earlist Due Date) rule and SPT(Shortest Processing Time)
rule that is applied to minimizing mean tardiness scheduling in identical parallel machines
problems.

A Tabu Search method[2, 111 is applied to the problems considered in this paper to get
an improved solution. To this end, we design move attribute, Tabu attribute and Tabu
tenure, and thereafter perform the experiments to the problems. Section 2 gives the
representation of this problem in mathematical model, section 3 presents an implementation

of Tabu Search for this problem. In section 4, we discuss the effectiveness of this method.

2. Mathematical Model

To develope the mathematical model necessary for this research, we make the following
assumptions:

a) there are n jobs and m machines

b) the processing time (Pr : when job k is processed to i th machine ) and due
date Di (k=1,.., n) are fixed
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¢) no two job processed at same time on the same machine.
d) a start of all jobs could be time zero.

Mathematical Model

minimize T = + 3 T, (1
subject to

Ty =max(0, C4— D) 1<k<n @

C= B B0y X Isksn @)

Ci= 2 z:lpk,-- X 1<ism1<jsn (4)

?;‘lxkij31 1<i<m,1<j<n )

2 2 X =1 1<k<n ®)

=] y=

X e [1, if job k is assigned to the jth position of machine i
K0, elsewhere.

where,
C ;i the completion time of job k.

Eq.(1) is object function, Eq.(2) is a tardiness of job k that is presented to nonlinear
regarding C, Eqg(3)and Eg.(4) is that the completion time of job k. Eq.(5) is
restriction for job k is not job processed at same time on the same machine, FEq.(6) is
restriction condition for job k is must be assigned one machine to j th position.

Branch & bound methods have the advantage of providing an optimal solution to this
problem. Unfortunately, the computing times becomes prohibitive when then number of
operations exceeds few hundred. Therefore the use of heuristic algorithm is the resonable
better than optimal algorithm in application of real problem. The minimum job load
assignment method (MJLA) as heuristic method of parallel machines scheduling in
generally has been known is that: first step is that schedule to all job n like as one
machine scheduling, and second step is the first order job by the results of one step
assign the minimum load machine, and third step is replicated second step until all job has
been assigned.

3. Tabu Search Method for Parallel Machines Scheduling

3.1 Move

Move is the generation of new solution s’ from current solution s. In this study, the
move is two type, one is swap move and the other is transfer move. The swap move is
mutually exchange to the jobs that is assigned to two machine(Fig. 1). Fig. 1 is swap
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move example that show Ji; and change of Jz If a job of n is exchanged, the
neighborhood N(s) is n’— g}ln?. The transfer move is that one job in one machine

transfer the order machine, therefore the current job distribution structure 1is
changed(Fig. 2). If a number of job n is transfer, the neighborhood is #n{m—1).

Jn ' Ji ! Jis 1 Ju\l Jiz Jis
Ja 2 j Jas Jua l 2 Ja1 Jz2 Jzs Joa J

J22
In Is T In ’ 3 Jai Ja JN\ |

Fig. 1 swap move Fig. 2 transfer move

w ™

The cardinal of neighborhood by the swap and transfer move in this paper is Eq.(7).

Ns) = ni— n};n% + wlm—1) )

3.2 Restricted Neighborhood

The cardinal of neighborhoods is larger, the possibility of involving the best solution in
neighborhoods is extended. But computational time is rapidly increases. Therefore we use
to restricted neighborhood for reducing computational time. In this paper, the restricted
neighborhood is that: when the job S =1, m, vy*+x) and job Jyx=I,.. m) is
swap, considering to position of job to be swapped in x, y machine Therefore the
cardinal of restricted neighborhoods N, (s) are Eq.(8)

N, (9=3n(m—1)/2 (8

3.3 One Machine Scheduling

The real value of current solution after move(s->s’) is determined when all machine’s
job order has been optimized. But the problem for minimizing mean tardiness in single
machine is  NP-complete. Therefore  EDD, SPT, Wilkerson and Irwin[12], Ho and
Chang(7] methods could used for one machine scheduling methods. We proposes to insert
method for one machine scheduling that is: at first step make n different schedule by
inserting Jjob Jy in front of job(Jxi,..., Jx,..., Jan j=1,..,n) and compute to solution value
to each schedule. Second step is select to the best solution among n solution.

34 Tabu Tenure

Dynamic Tabu tenure that is varied the size of tabu list according to algorithm
execution results is used in this study. In order to the determination of tabu tenure
parameter with maximum 77Tme and minimum 77min, We eXperiments to example problems
which is m=3, 4 ,5 and n=30, 50, 60, 80, 100. And so the problems has been replicated the
number of twenty times, T7Tma and TTmin is determined according to the average value
and N(s). Moreover considering to N(s), Tabu tenure is determined to proportion to
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Vaxm(a vV nxm ,BVnuxm, where a,B is the parameter for represent to tabu tenure
range). In this paper, Tabu attribute is job number, and the upgrade of Tabu list be used
to cyclical method. Under condition if current solution is tabu solution, and if the value of
current solution is less than the value of best solution, aspiration level is satisfied.
Maximum replication times for stopping rule is 3Xn.

3.5 Experiments

The data in this paper is generated by Eq. (9) and Eq. (10){7]. Because we compare to
Ho-Chang study. A type of problems are the case of m=3, n=30, 60, the case of m=4,
n=60, 80, the case of m=5, n=50, 100.

P, = Uniform[ 1, x] 9
D ;= Uniform[ 1,2np/4.5¢] 1o

Where, x is the maximum value of processing, we set to 25. And q is the tightness of
due date(1,2,3,4,5).

The Tabu Search Algorithm for Parallel Machines Scheduling

Step 0. Read(n, m, Thmw=3%n,a,8), and Tier = 0.

Step 1. Generate to current solution s take place of initial solution .
Step 2. Generate to neighborhood N(s), s->s".

Step 3. Carry out one machine scheduling(section 3.3).

Step 4. if s’ is not Tabu solution, go to step 6.

Step 5. if s’ is not satisfied to aspiration level, go to 7.

Step 6. To determine wether best candidate solution.

Step 7. if all neighbor solutions are examinate, then go to 8else go to 2. Step 8.
Current solution take place of best candidate solution. Upgrade to tabu list, and
Titer=Thitert1.

Step 9. if Tier less than Tha, go to 2.
Stepl0. Stop.

4. Experiment and Results
4.1 Tabu Tenure
As the results of pilot experiments in section 3.4, the Tabu tenure range is determined

that is shown in table 1.
Table 1. Tabu Tenure

the type of problem Tabu tenure range
identical machines 10Vexm ~ 15 Vuxm

nonidentical machines 10V exm ~ 15V nxm
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4.2 Identical Parallel Machines Scheduling Problem

The Tabu search method in this paper is compared to such heuristic algorithm as
EDD-P, WI-P, EDD-Tabu and WI-TABU, HC-TABU. EDD-P is EDD rule for one
machine scheduling and MJAL method for parallel machine scheduling, WI-P is Wilkerson
and Iron[12] for one machine scheduling and MJAL method for parallel machine
scheduling, EDD-Tabu is EDD rule for one machine scheduling and Tabu search for
parallel machine scheduling, WI-TABU is Wilkerson and Iron for initial solution and
Tabu search for parallel machine scheduling, HC-TABU is Ho-Chang for initial solution
and Tabu search for parallel machine scheduling. The results of experiments is presented
in table 2.

Table 2. The Results of Experiments in Identical Parallel Machines

m n EDD-P WI-P Ho-Chang | EDD-TABU | WI-TABU |HC-TABU
3 30 26.28 22.99 22.58 2250 22.43 2243
3 60 70.56 49.21 47.05 46.27 46.84 46.84
4 60 4348 3153 29.28 28.89 29.03 29.03
4 80 72.37 51.07 47.61 47.66 4851 4851
5 50 29.06 23.08 22.61 22.59 2245 2245
5 100 71.15 50.15 46.60 4647 46.97 46.97
*solution 52.63 36.45 35.95 35.73 35.85 35.85
**improvement 0.000 0.270 0.296 0.302 0.299 0.299

* solution is the value of average solution.
** the rate of improvement =1-heuristic algorithm/EDD-P

As shown table 2, the value of average solution derived by the Tabu Search method in
this paper better than that EDD-P and HO-Chang by 30.2% and 1.62%, respectably.

4.3 Nonidentical Parallel Machines Scheduling Problem
The use of algorithm for comparing to heuristic algorithm in nonidentical parallel
machines scheduling problem is like as section 4.2. The results of experiments is
presented in table 3.

Table 3. The Results of Experiments in Nonidentical Parallel Machines

m n EDD-P WI-P EDD-TABU | WI-TABU
3 30 9.27 6.56 4.49 458
3 60 23.38 14.49 8.64 8.78
4 60 7.25 4.98 2.96 2.55
4 80 10.55 7.86 3.60 3.83
5 50 2.09 217 0.82 0.83
5 100 3.57 3.11 147 1.44
*solution 9.35 6.53 3.66 3.66
**ximprovement 0.00 0.30 0.60 0.60

* solution is the value of average solution.
** the rate of improvement =1-heuristic algorithm/EDD-P

As shown in table 3, the value of average solution derived by the Tabu Search method in
this paper better than that EDD-P and Wilkerson and Iron by 60% and 30%, respectably.
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5 Conclusion

The paréllel machines scheduling problems with mean tardiness is one of the
combinatorial optimization problems that often occurs in the real world. This study
proposes Tabu Search methods for solving parallel machines scheduling problems related to
minimizing mean tardiness and experimented. The results of experiments, in the case of
identical parallel machines, Tabu Search method in this paper better than EDD-P and
HO-Chang by 30.2% and 1.62%, respectably. Tabu Search method in the case of
nonidentical parallel machines better than that EDD-P and Wilkerson and Iron by 60%
and 309, respectably.
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