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Minimizing Makespan Subject to Budget
Limitation in Parallel Flow Shop

Amin Sahraeian

Abstract—One of the criteria in production scheduling is Make
Span, minimizing this criteria causes more efficiently use of the
resources specially machinery and manpower. By assigning some
budget to some of the operations the operation time of these activities
reduces and affects the total completion time of al the operations
(Make Span). In this paper this issue is practiced in parald flow
shops. At first we convert parallel flow shop to a network model and
by using a linear programming approach it is identified in order to
minimize make span (the completion time of the network) which
activities (operations) are better to absorb the predetermined and
limited budget. Minimizing the tota completion time of all the
activities in the network is equivalent to minimizing make span in
production scheduling.

Keywords—parallel flow shop, make span, linear programming,
budget

|. INTRODUCTION

HE part of production scheduling is flow shop

scheduling, flow shop production system in turn is divided
to three main categories: a) simple flow shop, b) hybrid flow
shop and c) parallel flow shop. In real world most of the flow
shops are in the form of hybrid, in which the execution of each
job must go through multiple stages in one specific order and
at each stage there are parallel machines available to process
the jobs that have entered the stage [7]. Hojjati and Sahraeian
also have solution for minimizing make span in hybrid flow
shop systems[1]. It seems that the recent paper is suggested by
Hojjati and et a which minimizes make span in hybrid flow
shop by assigning some budget for crashing the activities with
the goal of minimizing make span.

Most of the research works for scheduling problems are
done in the simple flow shop [4], [8]. In these production
systems there is only one machine in each stage for processing
the different jobs.

In simple flow shop when there are two stages, Johnson
suggests almost an optimal solution to minimize make span.
When the number of stages increases to more than 3 stages
Campbell and et al suggest their solution [6]. But parallel flow
Shop is an np-hard problem and non-polynomial time
algorithm is expected for these types of problems. The
development of heuristic agorithms guarantees good
solutions, especialy for large size problems|[2], [3], [5].
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In this article a parallel flow shop is practiced and it is tried
to crash the operations by assigning some budget, which
results minimizing the total completion time of al the
operations. Here at first the terminology of the approach is
presented, then the general formula for n jobs with m machines
in each flow shop and k flow shop are modeled, it is followed
by a numerica example and finally the problem is solved
using alinear programming al gorithm. The general approach is
to convert the parallel flow shop system to a network model.
Finaly by the use of linear programming, It is tried to
minimize the completion time of the last node.

1. NOMENCLATURE

The following terminology is used for modeling the
problem:
M: number of machine.
N: number of Job.
K: number of flow shop.
r: job number.
m: machine number.
S: flow shop number.
Tj: starting time of node j.
Jrms: job r on machine min flow shop s.
i,j : activity from nodei to nodej.
Di,j: normal duration time of activity from nodei to nodej.
Dy(i,j): minimum crashing time of activity from node i to node j.
di,j: crashed duration time of activity from nodei to nodej.
Ci,j: slope of crashing cost of activity from nodei to nodej.
B: predetermined budget.

[11. CONVERTING PARALLEL FLOW SHOP INTO NETWORK
MODEL

We canillustrate a general form of parallel flow shop with n
jobs m machines, and k flow shop asin Fig. 1.
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Fig. 1 General model of parallel flow shop

IV. ASSUMPTIONS

The following assumptions are considered:

1. Shortest processing time (SPT) rule is used togassie
jobs to the machines.

2. Each machine starts at its earliest starting tiossible.

3. The set up time is included in the processing time.

4. 0ne unit of production for each job is considered.

5. Interruption of the machines is not allowed (noaiepg
during processing).

6. Each machine can process only one job at a tim@.poi

Each operation has a predecessor which is shovetia 1.
There are two sets of predecessors, one, the apeht
constraint, for which every job should be processedts
earlier flow shop, and second technological coistréor
which each machine should operate the jobs in cogical .

TABLE |
PREDECESSORS FORENERAL MODEL

Flow  Activity predecessor Duration
shog time
1 \]rml
r=12,.N  Jms/r=r,m=m-1,s=1 Dim1
m=12..M Jms/r=21or2or...orr-1,
m=m,s=1
Jm2
2 =12..N Jms r=r,m=m-1,s=2 Drm2
m=12..M Jms r=21or2or..orr-1,
m=m,s=2

V.PROBLEM FORMULATION
The problem can be formulated as follows:

MinZ =T, -T,

ST

>>c,(b,;-d;)<B

D <d . <

f0.0) = i =

D ;
T.,T;,d; ; =int eger

VL.

The methodology is illustrated using a numericaragle
with 3 jobs, 2 flow shops and 3 machines in eadwRhop.
According to SPT method, the sequence has beeinetitas
A-B-C with corresponding processing times as giiretable
2.

NUMERICAL EXAMPLE

TABLE Il
THE PROCESSINGTIME
Job Flow shop . Flow shop :
M# 1 M# 2 M# 3 M# 1 M# 2 M# 3
A 3 2 1 4 1 2
B 5 2 1 3 4 3
C 3 6 2 2 3 3
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Fig. 2 The network of numerical example

T,-T,=20
T;-T,2dy,
Ty,-T3=2dg,
Ts—T,2dy5
Te—-T320
T,-T,2dq,
T,-T,20
Tg—T,2dg

To—Tg 20y 3<dg; <5
T&-T=0 2<dp3<3

To-T, 20 d3y =2
T~ T2 0011 dgs =1
T~ T112 01, drg =2

dgy =1
Ti3= 2201513 dsg 5
Tg_'|1220 1011 —
2<dy,<3 1o =3

Ti,Tj,di’j = integer

The problem is solved by Lindo and the result isvah in

table 5.
TABLE Il
PREDECESSOR OF'HE NUMERICAL EXAMPLE TABLE V
Node  Activity Predecessor  Duration time THE RESULT OFTHE EXAMPLE
(i,)) (Fmo) (Dy) Activity (di;) Crashed time  Budget used
2,3 T 3 d23 3 0
34 Jizn Jina 2 2 0
4,5 di3 iz 1 das
6,7 s s 5 das 1 0
7,8 b2 D11 2z 2 de, 3 2400
8,9 J23J J131 J221 1 2 0
10,11 2 dg
11,12 Xy Bz 3 dgo ! 0
12,1¢ Js3: sz 3
lell 2 0
Now we should assign some budget to some activities di112 3 0
(operation) for which their time can be reducedede are dis13 3 0
shown in table 4. Objective 9 2400

TABLE IV
THE ASSUMPTIONS OFTHE EXAMPLE
Node Activity Predecessor Duration Minimum  Cost
(i) (Jme time duration  Slope
(DI,J) time ($)
(Drip)
2,3 NYT 3 2 155(
3,4 \]12] \]11] 2 2 -
4,5 Jizg Jio1 1 1
6,7 b1 Ji11 5 3 1200
7,8 b D11, I 2 2
8,8 31 NIRU 1 1 -
10,11 Ja12 2 2
11,12 Jaoo Ja1o 3 3
12,13 Ly N 3 2 1700

VII. PROBLEM SOLUTION

constraints can be written as follows:

MinZ
Subject

=Ty - Ty
to :

1550 (3— d,3) +1200% (5— dg;) +1700x (3— d; 515) < 3000

By assigning different budgets, different resulin cbe
obtained, this is called the sensitivity analysishe problem,
the result can be shown as in tableVI.

TABLE VI
SENSITIVITY ANALYSIS OF THE NUMERICAL EXAMPLE
Budget ($) Make span
0 11
2000 10
3000 9

VIII. CONCLUSION

It is shown that parallel flow shop problems can be
converted to network model and using a linear pogning
formulation the critical activities are determinefissigning
some budget to activities that can be crashedny, ttauses to

Considering the information given for the problem i reduce the completion time of all the project okmapan, this
tables 3 and 4 and Fig. 2 the objective functiom &me by itself causes better use of the resources dpyegiachinery
and manpower, which by itself increase productivity

For further

research it is suggested

to apply the

methodology to some other systems like job shops.
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