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T E C H N I C A L N O T E S

NOTE ON “PARALLEL MACHINE SCHEDULING WITH BATCH SETUP TIMES”

SCOTT WEBSTER
Syracuse University, Syracuse, New York

(Received June 1995; revisions received May 1996; accepted July 1996)

Cheng and Chen (1994) use a high-multiplicity encoding scheme to prove binary NP-hardness of a scheduling problem. From this
they infer a similar result for a well-known, more general problem. We explain that, although their initial proof is correct, their
inference about the more general problem is not.

Cheng and Chen (1994) consider the problem of
scheduling jobs on two identical parallel processors to

minimize total completion time. Each job belongs to a
batch where jobs from the same batch share a setup. The
authors show that the problem is binary NP-hard when all
job processing times are equal. The result is an important
contribution because it addresses a long-standing question
in the literature. However, the authors use this complexity
result to conclude that a more general problem with arbi-
trary job processing times is binary NP-hard. The purpose
of this note is to point out an error in this conclusion.

Following the notation of Cheng and Chen, let B 5
number of batches, Ni 5 number of jobs in batch i [ [1,
B], pij 5 processing time of job j [ [1, Ni] in batch i [ [1,
B], Si 5 setup time for batch i [ [1, B], N 5 ¥i Ni 5 total
number of jobs. All parameters are positive integers.

For a given schedule, let Cij denote the completion time of
job j in batch i. The objective is to find a feasible schedule of
the N jobs on two identical parallel machines that minimizes
f 5 ¥ijCij, which is the total completion time. Let us denote
this problem as P2TCT1. The special case of P2TCT1, in
which all jobs have the same processing time (i.e., pij 5 p
for all i and j), is denoted P2TCT2. Cheng and Chen show
that P2TCT2 is binary NP-hard, and they conclude that
this implies that P2TCT1 is binary NP-hard.

We will demonstrate that a generalization of a known NP-
hard problem is not necessarily NP-hard and, more specifi-
cally, we will show that the complexity of P2TCT1 remains an
open question. The key lies in the difference between reason-
able encoding schemes for problem instances of P2TCT1 and
P2TCT2. An instance of P2TCT1 can be represented as I1 5
{S1, . . . , SB; (p11, . . . , p1N1

), . . . , (pB1, . . . , pBNB
)}. Due to the

requirement of identical job processing times, an instance for
P2TCT2 can be more compactly represented as I2 5 {S1, . . . ,
SB; N1, . . . , NB; p}. Letting S# 5 ¥i Si/B, N# 5 ¥i Ni/B, and p# 5
¥i pij/N, the size of each instance under reasonable encoding
(e.g., using a binary alphabet) is:

uI 1 u 5 O
i

log S i 1 O
ij

log p ij 1 N 1 B

5 O~B log S# 1 BN# log p# !, and
uI 2 u 5 O

i
log S i 1 O

i
log N i 1 log p 1 2B

5 O~B log S# 1 B log N# 1 log p!.
Notice for an arbitrary instance with identical job process-
ing times, that uI1u is not bounded from above by a polyno-
mial function of uI2u. For example, if S# ¶ N# and p 5 1,
then uI1u 5 O(BN# ) 5 O(B2logN# ) and uI2u 5 O(B log N# ).

We let P2TCT1d and P2TCT2d denote the decision ver-
sions of P2TCT1 and P2TCT2, respectively. Cheng and
Chen establish the NP-hardness of P2TCT2 by defining a
polynomial time reduction from a known binary NP-
complete problem (i.e., the Partition Problem) to
P2TCT2d. Their complexity proof implicitly assumes the
use of a high-multiplicity encoding scheme for both inputs
and outputs; it depends critically on the fact that a reason-
able encoding scheme for P2TCT2 exploits the require-
ment of identical job processing times, and the reduction
ceases to be polynomial if the form illustrated in I1 is used
in place of I2. The implication of the above is that a poly-
nomial time (in uI1u) algorithm for P2TCT1 is not necessar-
ily polynomial in uI2u when applied to solve an instance of
P2TCT2. Thus, the complexity of P2TCT1 remains open to
further investigation. We note, however, that the question
of complexity applies to the case of a fixed number of
machines as the problem with an arbitrary number of ma-
chines is known to be unary NP-hard (Webster 1997).

REFERENCES
CHENG, T. C. E., AND Z.-L. CHEN. 1994. Parallel Machine Sched-

uling with Batch Setup Times. Opns. Res. 42, 1171–1174.
GAREY, M. R., AND D. S. JOHNSON. 1979. Computers and In-

tractability: A Guide to the Theory of NP-Completeness.
W. H. Freeman, New York.

WEBSTER, S. T. 1997. The Complexity of Scheduling Job Fam-
ilies About a Common Due Date. Opns. Res. Letters, 20,
65–74.

Subject classifications: Analysis of algorithms, computational complexity: NP-hardness. Production/scheduling: parallel machine scheduling.
Area of review: MANUFACTURING.

423
Operations Research 0030-364X/98/4603-0423 $05.00
Vol. 46, No. 3, May–June 1998 q 1998 INFORMS

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

16
.1

82
] 

on
 0

4 
Ju

ne
 2

02
6,

 a
t 0

1:
53

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 


