Int. J. Production Economics 182 (2016) 531-534

journal homepage: www.elsevier.com/locate/ijpe

Contents lists available at ScienceDirect

Int. J. Production Economics

Note on the Hybrid Flowshop Scheduling Problem with Multiprocessor

Tasks
Lotfi Hidri

@ CrossMark

Industrial Engineering Department, College of Engineering, King Saud University, P.O.Box 800, Riyadh 11421, Saudi Arabia

ARTICLE INFO ABSTRACT

Keywords:

Hybrid Flowshop Scheduling Problem with
Multiprocessor Tasks

Lower bounds

In this note the Hybrid Flowshop Scheduling Problem with Multiprocessor Tasks is addressed. The objective
function to be minimized is the maximum completion time or the makespan. The main purpose of this note is to
pinpoint an inaccuracy contained in a recent paper while developing a lower bound (Chou: IJPE, 141:137-145)
and to propose some valid lower bounds.

1. Introduction

The Hybrid Flowshop Scheduling Problem with Multiprocessor
Tasks (HFSMT) is stated as follows. A set J = {1, 2,...,n} of n jobs has
to be treated on s production centers Z, Z,,...,Z; in that order. The
processing time of job j € J on center Zx (k = 1,...,5) is py. Each stage
Zr is composed of my parallel and identical machines. The processing
of a job j €J in center Z; (k= 1,...,5) requires seizy; simultaneous
machines. During the processing phase the following constraints
should be respected. Each machine can process at most one job at
any time and the preemption is not allowed. All jobs and all machines
are available from time zero. In addition, all the processing times p;;
and the required machines size;; (i = 1,...,s and j € J) are integer and
deterministic. The buffer capacity between the centers is assumed to be
infinite. The objective is to provide a feasible schedule that minimizes
the maximum completion time, or makespan. When size; =1 = 1,...,s
and j € J) the HFSMT is reduced to the hybrid flow shop scheduling
problem which is an interesting and challenging problem (Omid and
Rasaratnam, 2016).

During the last decade, the (HFSMT) have been investigated in the
scheduling literature. For a comprehensive surveys the reader is
referred to Ribas et al. (2010) and Ruiz and Vézquez-Rodriguez
(2010). Recent contributions are the papers of Lahimer et al. (2011),
Lahimer et al. (2013), Chou (2013) and Lin et al. (2013).

In this note, we proof that a lower bound recently proposed in Chou
(2013) is incorrect and we present a new valid lower bounds.

2. Lower bounds for the Hybrid Flowshop Scheduling
Problem with Multiprocessor Tasks

2.1. The lower bound of Chou (2013)

In this lower bound the set of jobs J for each center Z; (i = 1,...,s) is
partitioned into the following subsets:
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(] = {j € J: sizej = m;}
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J € J: size; = 2m,-}

® L= qj€J: 1 <size; < ;m}
® O;= {j€J:size; =1}

In addition, the following notations are introduced.
bp;(1) =

bp;(3)

1 .
P 27:1 py X sizejj,
1
YjerivruaPi [E Zjem”ij]
1
+ E{Max[o, Max(O, ZicoPi™ Zjeﬁp,-,-)

+ ey Py X sizeg=m; X py + Xic Py X size 1}

In (Chou, 2013), Chou claims that:

i—-1 K
SBe = max { min [z pl/) + max(bp, (1), bp;(3)) + m1n ( Y py]}

i=lys J=len\ 35 I=i+1

is a lower bound for the HFSMT problem.
Actually, SBc is not a valid lower bound. This can be proofed by the
following example.

Example 1. Consider the instance withn =9, s = 2, and m; = m, = 6.
The processing times p;; and the required machines size; (i = 1,.
and j € J) are displayed in Table 1.

the obtained subsets are:
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Table 1
Data of Example 1.
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Table 5
Data of Example 7 (LB, < LBor).

J 1 2 3 4 5 6 7 8 9 J 1 2 3 4 5 6 7 8 9 10
Py 3 3 3 3 3 3 3 3 3 Py 3 3 3 3 1 1 1 1 1 1
sizey; 6 5 4 3 2 1 1 1 1 sizey; 2 2 2 2 1 1 1 1 1 1
D2y 3 3 3 3 3 3 3 3 3 D2y 3 3 3 3 1 1 1 1 1 1
sizey; 6 5 4 3 2 1 1 1 1 sizey; 2 2 2 2 1 1 1 1 1 1

e 1= F= {2}

® G = G,={3}.

L] Hl = H2 = {4}.

o [,= L,={5}.

® 0= 0,={6,7809}.
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0 3 6 9 12 15
Fig. 1. Gantt chart of a feasible schedule having a makespan equal to 15.
Table 2

Data of Example 3 (LB; > LBop).

J 1 2 3 4 5 6 7
Py 1 1 1 1 1 1 6
sizey; 5 3 1 1 1 1 1
P2y 1 1 1 1 1 1 6
sizey; 5 3 1 1 1 1 1
Table 3
Data of Example 4 (LB < LBop).
J 1 2 3 4 5 6 7
Py 1 1 1 1 1 1 1
sizey; 4 3 1 1 1 1 1
D2y 1 1 1 1 1 1 1
sizey; 4 3 1 1 1 1 1
Table 4

Data of Example 6 (LB, > LBor).

J 1 2 3 4 5 6 7 8 9 10
Py 3 3 3 3 1 1 1 1 1 1
sizey; 4 3 3 2 1 1 1 1 1 1
Doy 3 3 3 3 1 1 1 1 1 1
sizey; 4 3 3 2 1 1 1 1 1 1

In addition, for i = 1, we have:

o bpl(1)=mizj:lplj><sizeU=é(3x6+3><5+3><4+3><3.
1

+3><2+3><1+3><1+3><1+3><1)=%=12

® Y churua Py =Pt P Py =3+3+3=09.
1 1 3
hd [EZjeﬁlplj ] =[srul=01=2.

Max(o, EjEQl Py~ ZjeFl plj) = Max(0, (pis + 17 + Pig + Pro) = Pro)-

=Max(©0,3+3+3+3)-3)=9
.

Zien Py X sizey = m Y, Py + Xieg Py X Sizey;

=Pps X size;s — my X p3 + pj3 X size3=3X2-6x3+3x4=0

Thus,
L {Max [0, Max (0,
m

ZjEQl plj - ZjEFl Pl_/') + ZjeLl plj X Sizelj —m ZjEGl plj

9

. 1
+ ZjEGl Py X sizejj| ¢ = E{Max[O, 9]} = 6= 1.5.

Hence bp,(3) = 9 + 2 + 1.5 = 12.5. Furthermore, we have

. 0

1'1'111'1]':1,.4.9(Zl=1p1j) =0,
. 2 i

ming=; _o(X,_, Py;) = Min(Psy, Prs Pazs Pags Pass Pags Pars Pags Pag) = 35
. 1 i

min;_, ,.A,9(21=1p1j) = mln(Pll’ P12 P13> P1a> Pis» Pie> P17 P1g» P19) =3,
. 2

min;_; . o(X;_, py;) = 0

For i = 2, the same calculation gives: bp, (1) = 12 and bp,(3) = 12.5.
Thus, we get

SBe = max {0 + max (12, 12.5) + 3, 3 + max(12, 12.5) + 0} = 15.5
However, we have a feasible schedule, having a makespan equal to 15,
which is depicted in Fig. 1.

The mistake for the lower bound of Chou (2013) is contained in the
expression of bp,(3) (i = 1,...,s). Indeed, omitting bp,(3) (i=1,...,s)
from SBc results in the following valid lower bound:

. i-1 ) .
LB, = max z jflnnn(zlzlplj) + bp; (1) + ifrlnnn( Z sz]
i= s V|

More explicitly and according to Chou (2013) , For each center Z;
(i=1,...,5) we have:

e The jobs in Q; ={j € J: size; = 1} are processed simultaneously with
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