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Abstract
Meeting due dates is the most important goal of scheduling if the due date of each job has been promised to its
customer. This paper considers the job-shop scheduling problem of minimizing the total holding cost of completed and
in-process products subject to no tardy jobs. A heuristic algorithm based on the shifting bottleneck procedure is
proposed for solving the minimum total holding cost problem subject to no tardy jobs. Several benchmark problems
which are commonly used for job-shop scheduling problems of minimizing the makespan are solved by the proposed
method and the results are reported.
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1. Introduction
The job-shop scheduling problem has been extensively studied with the objective of minimizing some
functions of the completion times of jobs. Enumerative methods have been proposed and heuristics have
been designed for solving the minimum makespan problem, the minimum total tardiness problem and so on
(e.g. Adams et al., 1988; Anderson and Nyirenda, 1990; Applegate and Cook, 1991; Carlier and Pinson,
1994, 1989; Liao and You, 1992; Raman and Talbot, 1993; Van Laarhoven et al., 1992; Vepsalainen and
Morton, 1987). Meeting due dates is often the most important goal of scheduling, but the due-date
constraints are rarely ever considered in job-shop scheduling problems. We treat due dates as deadlines and
require the job-shop scheduling to meet job-speciﬁc due dates in order to avoid delay penalties including
customer’s bad impression, cost of lost future sales and rush shipping cost. A heuristic algorithm for solving
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the scheduling problem to meet due dates in a simple job-shop is developed to approximately minimize the
total holding cost corresponding to the sum of product inventory cost and in-process inventory cost. The
proposed method decomposes the job-shop problem into a number of single-machine problems with readytime and due-date constraints. Each decomposed problem is strictly solved by a branch and bound (B&B)
method using new due dates for each operation decided by considering to meet pre-speciﬁed due dates and
minimizing objective functions, simultaneously. We used an elimination method adapted for a singlemachine problem at each node to directly select some disjunctions or at least to determine whether or not a
potentially global solution can be obtained. In this way, the B&B tree is trimmed efﬁciently. Several
benchmark problems are solved by the proposed method and the results are reported.

2. Job-shop scheduling problem minimizing total holding cost subject to no tardy jobs
2.1. Problem formulation
A set of I jobs has to be processed on K machines. The processing of job J i ði ¼ 1; 2; :::; IÞ on a machine is
called an operation and each operation can be performed by only one machine. The processing order of a
job is given. Let Oli ðl ¼ 1; 2; :::; Li Þ denote the lth operation of job J i , where Li corresponds to the number
of operations for job J i . The processing time pli of operation Oli is pre-speciﬁed. Each machine k (k ¼ 1,
2,y, K) can process only one operation at a time. Pre-emption is not allowed, and each job is available for
processing at time 0. The due date d i of job J i is pre-speciﬁed by the associated customer. Every job must be
completed before or just on its due date and no tardy jobs are allowed. The shop incurs the holding cost for
in-process time once a job begins processing, and if a job is completed earlier than its due date, then the
l
l
shop holds the job and incurs the holding cost for earliness. Assume wl1
i pwi , where wi ðl ¼ 1; 2; :::; Li  1Þ
denotes the holding cost per unit time for in-process product in idle time from end of operation Oli to start
Li
of operation Olþ1
i , and wi denotes the holding cost per unit time for completed product from end of
Li
operation Oi to due date d i . This assumption means that holding cost for in-process product is increasing
based on the progress of the operation.
m
Let C m
i (decision variable) denote the completion time of operation Oi and Ek the set of operations to be
performed on machine k, then our problem is formulated as follows:
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The objective function corresponds to the minimum total weighed ﬂow time from the determined starting
time to the pre-speciﬁed due date for every job. Eqs. (2) and (3) are the conjunctive and disjunctive

