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We consider the order acceptance and scheduling problem in a flow shop where the objective is to
simultaneously minimize makespan and maximize total net revenue. We formulate the problem as a
mixed integer linear programming model and develop an effective parallel neighborhood search
algorithm. Two-string representation and three neighborhood structures are applied to generate new
solutions. Parallelization is implemented by applying two independent searches and directly exchanging
information between them. We assess the performance of the proposed method via computational
experiments using an extensive set of instances. The experimental results show that the proposed
method is highly effective and competitive when compared to other algorithms.
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1. Introduction

In the traditional production scheduling models, it is often
assumed that all jobs or orders must be processed through the
production systems without rejection; however, in make-to-order
(MTO) production systems, order acceptance and scheduling are
often simultaneously considered. Some orders should be rejected
if they cannot be managed effectively and delivered timely due to
the limited capacities or resources. If some accepted orders cannot
be scheduled effectively, then tardiness penalties will arise and the
revenues will lost because of the customer dissatisfaction. The
manufacturer should simultaneously determine which orders to
be accepted and how to schedule them to use production capacity
efficiently and optimize the performance indices such as total net
revenue.

Over the past two decades, order acceptance and scheduling
(OAS) problem has attracted considerable attention and diverse
methods have been applied including mathematical programming,
meta-heuristics, queuing theory, simulation, algorithm develop-
ment and decision analysis (Slotnick, 2011). OAS has been con-
sidered in single machine (Slotnick and Morton, 1996, 2007; Rom
and Slotnick, 2009; Oguz et al., 2010; Talla Nobibon and Leus,
2011; Cesaret et al., 2012; Lin and Ying, 2013), parallel machines
(Lu et al., 2008; Li and Yuan, 2010) and flow shop environments
(Xiao et al,, 2012; Wang et al., 20134, 2013b). Slotnick and Morton
(2007) study a branch-and-bound (BB) heuristic for small
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problems and a myopic heuristic based on relaxation for larger
problems in single machine environments. Oguz et al. (2010) give
a mixed integer linear programming (MILP) formulation and three
heuristics for OAS problem with release dates, due dates, dead-
lines, sequence dependent setup times and revenues in single
machine environments. Talla Nobibon and Leus (2011) consider
OAS in single machine where a pool consisting of firm planned
orders and potential orders and present two MILP procedures and
two BB algorithms. Cesaret et al. (2012) present a tabu search (TS)
algorithm for OAS on a single machine with release dates and
sequenced dependent setup times. Lin and Ying (2013) propose an
artificial bee colony (ABC) algorithm for single machine OAS with
release dates and sequence-dependent setup times for maximizing
total net revenue.

Some studies have been done for OAS in multi-machine
environments. Lu et al. (2008) define the problem of unbounded
parallel batch machines with rejection and release dates and
develop a pseudo-polynomial-time dynamical programming algo-
rithm, a 2-approximation algorithm and an fully polynomial-time
approximation schemes (FPTAS). Li and Yuan (2010) considered
parallel machines scheduling problem where jobs can be rejected
by paying penalties and propose two FPTAS and optimal dynami-
cal programming algorithm for problems with different objectives.
Xiao et al. (2012) study the permutation flow shop scheduling
problem with order acceptance and weighted tardiness, formulate
the problem as an integer programming model and present a
simulated annealing based on partial optimization (SABPO). Wang
et al, 2013a develop a modified ABC algorithm to make joint
decisions on order acceptance and scheduling for maximizing total
net revenue in a two-machine flow shop. Wang et al., 2013b


www.sciencedirect.com/science/journal/09255273
www.elsevier.com/locate/ijpe
http://dx.doi.org/10.1016/j.ijpe.2015.03.013
http://dx.doi.org/10.1016/j.ijpe.2015.03.013
http://dx.doi.org/10.1016/j.ijpe.2015.03.013
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijpe.2015.03.013&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijpe.2015.03.013&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijpe.2015.03.013&domain=pdf
mailto:deminglei11@163.com
http://dx.doi.org/10.1016/j.ijpe.2015.03.013

D. Lei, X. Guo / Int. J. Production Economics 165 (2015) 12-18 13

formulate OAS problem in two-machine flow shop as a MILP
models and develop a heuristic and BB algorithm based on some
derived dominance rules and relaxation techniques. More details
and extensive research results on OAS can be found in the recent
survey papers (Slotnick (2011; Shabtay et al., 2013).

The first feature of the previous studies is that most of papers
have been presented for OAS in single machine environment and
OAS in flow shop is not considered fully. Only two-machine or
permutation flow shop scheduling problems with order accep-
tance are investigated in recent years. OAS in flow shop with more
than two machines is seldom dealt with. The second feature is that
only one objective such as total net revenue is optimized in most
of literature on OAS. To the best of our knowledge, OAS with
multiple objectives is not studied. Thirdly, meta-heuristics have
become the main approach to the classical flow shop scheduling;
however, the application of meta-heuristics to OAS problem in
flow shop is not done fully and only some meta-heuristics such as
SABPO and ABC have been applied to solve the problem.

In this study OAS is considered in flow shop environment,
which is composed of order selection sub-problem and scheduling
sub-problem. An effective parallel neighborhood search (PNS)
algorithm is applied to simultaneously minimize makespan and
maximize total net revenue. An order permutation and a binary
string are used to represent the solution of the problem and a
method is applied to decide the number of the accepted orders.
Two independent searches are used and allowed to exchange
information between them if the condition is met. A novel
principle is proposed to decide if the current solution can be
replaced with the new one and a simple method is applied to
update the set of non-dominated solutions produced by PNS. PNS
is finally applied to the considered problem and computational
results are analyzed.

The remainder of the paper is organized as follows. Problem
under study and its mathematic programming model are
described in Section 2. The proposed neighborhood search for
the problem is shown in Section 3. Numerical test experiments on
PNS are reported in Section 4 and the conclusions are summarized
in the final section and some topics of the future research are
provided.

2. Problem description and mathematical model

OAS problem in flow shop is commonly faced by the manu-
facturers that operate MTO production systems. The manufac-
turers have to make acceptance decisions for a number of
candidate orders, which are associated with a due date, known
revenue and deterministic processing times et al, and then
schedule the accepted orders through a flow shop. Each accepted
order should visit all machines according to a fix sequence. An
accepted order can bring revenue; however, it also can incur a
tardiness penalty if delivered later than its due date and there is
no reward for early delivery.

The problem is formally described as follows: in a flow shop
with m machines M;,M,,--,M,,, a set of candidate orders
N={1,2,---,n} is available at time zero. Each candidate order i is
identified with a due date d; , a maximum revenue r; , a weight
(tardiness penalty) w; and processing time p; on machine M;.
Each machine can only process one order at a time and each order
can only be processed on a machine at a time. If the visiting
sequence of all orders is My, Ms, ---, My, any order can begin its
processing on M, only after completing its processing on machine
My _1,k > 2. The goal of the problem is to decide which orders are
to be accepted and then to schedule the accepted orders to
simultaneously optimize makespan and total net revenue.

The related notations are first listed below.

Sq the set of the accepted orders
X;jx a binary variable that indicates whether order i is processed
on machine My

i e Sq andthe jth operationoforder i is
Xijk = processedonmachine My (1)
0 otherwise
y; a binary variable that indicates whether order i is accepted or
rejected
@)

1 orderiisaccepted
"7 10 otherwise

z;j a binary variable that represents whether both orders i and j
are accepted and order j is processed immediately after order i on
the same machine
S, 1 1i,jeS,,iprecedesimmediately j onthesamemachine

Y710 otherwise
3)

C;x the completion time of order i on machine M,
0 an enough large positive number

The mathematical model of the problem is then shown as
follows:

Minimize f; = rir;eg({c,»m} 4)
Maximize f, = ZT: , yimax {0, e; —w; max{0, Cim —d; } } (5)
Subject to

Z,Tz | Xikk=my; YieN (6)
oD ko X<1 VieN @
Zi< Y.z < Y, Vi jeN,i#j (8)
Cik+(zj—1)0+ypjy < Cir.i.jeN,i#j,k=1,2,.--.m 9)
Co=0,VieN (10)
Cige—1)+ Kige— DO+yipy < Cir, Vie Nok=1,2,--,m amn
Ci>0,VieN,k=1,2,--,m (12)
X, Yi € (0,1}, VieN,j,k=1,2,--,m (13)

The first objective (4) is maximum completion time of all
orders. The second objective (5) is total net revenue. Constraints
(6) and (7) indicate that each order visits all machines in the same
sequence: My, My, .-, Mp,. Constraint (8) represents that orders i
and j must be accepted when z;; = 1. Constraint (9) indicates that if
orders i and j are accepted and j is processed immediately after i
on machine My, then the completion time of j on M, is not less
than Cy+pj. Constraint (10) indicates that if order i is the first
scheduled order on M, its beginning time is 0. Constraint (11)
represents that if order i is accepted, then the completion of its kth
operation is not less than Cjy_ )+ py. Constraint (12) gives a lower
bound on Cyand constraint (13) represents the binary restriction
of X, Yi.

Table 1 shows an illustrative instance with eight orders, 24
operations, processing times, due date and tardiness penalty.

For the problem with makespan (f;) and total net revenue (f),
the optimal result is not a single solution but a set of solutions;
moreover, the optimal set cannot be obtained without comparing
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