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Abstract

Scheduling problem in a cellular manufacturing environment is treated as group scheduling problem, which assumes
that all parts in a part family are processed in the same cell and no inter-cellular transfer is needed. In a typical CMS
environment, however, there could be some exceptional parts, which need to visit machines in the other cells. This fact
limits the applicability of group scheduling approaches. This paper addresses the scheduling of manufacturing cells in
which parts may need to visit different cells. A two-stage heuristic named as SVS-algorithm is proposed to solve this
problem. These stages are termed as intra-cell scheduling and inter-cell scheduling. Through intra-cell scheduling, the
sequence of parts within manufacturing cells is determined. In inter-cell scheduling however, the sequence of cells is
obtained. The performance of proposed SVS-algorithm is evaluated on 15 problems selected from literature. The results
reveal that the SVS-algorithm performs better than LN-PT method in all the selected problems with respect to average
makespan.
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1. Introduction

Cellular manufacturing (CM) is a production
system in which the parts requiring similar
production process are grouped in distinct manu-
facturing cells. These similarities reduce setup
times as similar parts can be processed with similar
jigs and fixtures. The major advantages of CM
have been reported in literature as reduction in

setup time, reduction in throughput time, reduc-
tion in work-in-process inventories, reduction
in material handling costs, better quality and pro-
duction control, increment in flexibility, etc.
(Wemmerlov and Hyer, 1989.; Shankar and Vrat,
1999; Olorunniwo and Udo, 2002). Cellular
manufacturing system (CMS) also provides a
production infrastructure that facilitates successful
implementation of modern manufacturing tech-
nologies such as just-in-time manufacturing, flex-
ible manufacturing systems, computer integrated
manufacturing, etc. Gallagher and Knight (1986).
There are many issues in the design and planning
of CMS such as cell formation problem (Joines
et al., 1996; Cabrera-Rios et al., 2002; Uddin and
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Shanker, 2002), layout of CMS (Bazargan-Lari,
1999), production planning in CMS (Riezebos
et al., 1998), scheduling in CMS (Wemmerlov and
Vakharia, 1991), etc. Of these issues, the cell
formation problem is an area that has been widely
attempted in literature (Soleymanpour et al.,
2002). One of the most important issues to attain
the benefits of CMS is effective implementation of
its scheduling systems (Hitomi and Ham, 1976).
Nevertheless, this area has not been widely
attempted in literature as compared to the cell
formation problem (Mahmoodi and Dooley, 1992;
Logendran et al., 1995).

Due to the similarities in the design, shape,
function, etc. parts in a part family generally visit
machines in the same sequence with minor differ-
ences in setup requirements (Schaller, 2001). There-
fore, a part family can be divided into several
groups so that each group needs similar setup
requirements. In other words, a group is a subset of
a part family and all parts in the same group need
similar setup requirement. This problem is ad-
dressed as flow shop group scheduling or briefly
group scheduling in the literature. In group
scheduling, it is assumed that each part family can
be processed in one cell by duplicating bottleneck
machines or subcontracting exceptional parts
(Logendran et al., 1995). However, subcontracting
exceptional parts may not be practical or duplicat-
ing bottleneck machines may not be possible in
every CMS environment due to production eco-
nomics, budget and manufacturing space limita-
tion, etc. Thus, in a typical CMS environment, it is
difficult to form independent manufacturing cells
and mostly there are some exceptional parts that
create inter-cellular moves (Shankar and Vrat,
1998). These constraints limit the applicability of
group scheduling methods in real life. This paper
considers a scheduling problem in which inter-
cellular moves are allowed and parts may visit
machines in the other cells. We propose a heuristic,
namely SVS-algorithm to solve the problem. The
name SVS is due to the first letter of authors' name
as this convention is in tune with some of the
related works, namely CDS method (Campbell
et al., 1970), NEH method (Nawaz et al., 1983), etc.

This paper is organized as follows: Section 2
includes a review of literature and discussion of the

methods developed for group scheduling problem.
In Section 3, the cell scheduling problem consid-
ered in this paper is described and formulated.
Section 4 describes the proposed SVS-algorithm.
The computational results of SVS-algorithm are
reported in Section 5. Section 6 contains conclu-
sions and discussions.

2. Literature review

A majority of the algorithms developed for
group scheduling problem have two stages. The
first stage determines the sequence of parts within
the groups and the second stage determines the
sequence of groups. Hitomi and Ham (1976) define
a lower bound for the optimum makespan and
propose a branch and bound technique to
determine the optimum sequence of parts and
groups. Since the group scheduling problem is
NP-hard (Logendran and Sriskandarajah, 1993),
several researchers have attempted to develop
heuristics for the group scheduling problem.
Yoshida and Hitomi (1979) provided an algorithm
for optimum solution of two-machine flow shop
scheduling problem with setup times. Sekiguchi
(1983) and Baker (1990) extended the work of
Yoshida and Hitomi (1979) to two-machine group
scheduling problem in which each group requires
different setup on machines. Logendran and
Nudtasomboon (1991) propose a heuristic referred
to as LN method for solving the intra-group
scheduling problem, which is very similar to the
NEH algorithm proposed by Nawaz et al. (1983).
The only difference between the NEH algorithm
and LN method is that in the NEH algorithm jobs
are initially sorted according to the descending
order of total processing time, but this is done in
descending order of average processing time in LN
method. Wemmerlov and Vakharia (1991) com-
pared the performance of eight part family
scheduling procedures and reported that the
family-based scheduling approaches perform
superior with respect to minimum flow time and
lateness. Logendran et al. (1995) have studied the
performance of different combinations of Petrov's
(PT) method (Petrov, 1968), Logendran and
Nudtasomboon (LN) method (Logendran and
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Nudtasomboon, 1991), and Campbell, Dudek and
Smith (CDS) method (Campbell et al., 1970) and
reported that the LN-PT method, i.e. use of LN
method at the first stage and PT method at the
second stage performs superior over the PT-LN,
PT-CDS and CDS-PT combinations. The PT and
CDS algorithms are respectively single- and multi-
ple-pass heuristics, which simplify an N-job M-
machine flow shop scheduling problem into an N-
job two-machine problem and then use Johnson's
algorithm (Johnson, 1954) to determine sequence
of jobs. A detailed description of these methods
can be found in Logendran et al. (1995). Yang and
Liao (1996) consider a group scheduling problem
with two cells and inter-cellular moves and
propose a branch and bound technique and a
heuristic to solve this problem. Yang and Chern
(2000) consider two-machine flow shop group
scheduling problem in which each group requires
same setup and removal times on both machines.
Schaller (2001) reports a new lower bound tighter
than the one proposed by Hitomi and Ham (1976)
that is used to evaluate partial sequences in the
branch and bound procedure for the flow shop
group scheduling problem.

One of the major limitations of group schedul-
ing approaches is the assumption that all parts
in a part family are processed in the same cell and
there is no inter-cellular move. Also, some of the
methods reviewed above are computationally
intractable for real size applications. This paper
proposes an efficient heuristic for cell scheduling
problem in the presence of inter-cellular moves.

2. Once an operation starts on a machine, it
cannot be interrupted before getting completed
(non-preemption).

3. All parts in a part family require the same setup
time on each machine.

4. Setup times are independent of the sequence of
parts or cells.

5. There is no backtracking in the sequence of
machines required by a part family. Once a part
is completed on a machine, either it continues
processing in the same cell or leaves that cell
and joins another cell. As this part returns back
to its primary cell, it does not go to the
machines already visited.

To clarify the problem attempted in this paper,
we consider a typical CMS with three cells. In this
system, 10 parts are to be scheduled on eight
machines. The processing time of each part on
each machine is given in Table 1. Table 2 shows
the sequence and the setup time of machines for
processing each part family. As seen in Table 2,
machines C, E and F are bottleneck. For example,
machine C is shared by all three cells, though the
setup requirement of each part family on this
machine is different.

The sequence of machines reported in the last
column of Table 2 is the sequence by which the
associated part family is processed. In this
sequence, the machines not required by a parti-
cular part are skipped. For example, part 6 which
belongs to cell 1 needs processing on machines A,

3. Problem statement and formulation

The scheduling problem attempted in this paper
concerns two distinct sequencing problems. These
are: sequencing of parts within the cells and
sequencing of cells. In this paper, these problems
are referred to as intra-cell and inter-cell schedul-
ing, respectively. The following assumptions are
made for the considered scheduling problem:

1. All parts in all part families are available for
processing at time zero.

Table 1
Processing time of each part on each machine

Machines

Cell 1

Cell 2

Cell 3

A
D
E

C
G

B
F
H

Parts

5

8
12
3

11

4

6

5
15
6

9

3

9

10

7
3

1

5

4
10

2 4

6 8
12 4

3

2

14
10

7

8

11
8
5

8

3
6
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Table 2
Setup time of each part family on each machine and the sequence of machines for each part family in the illustrative example

Cells

Cell 1
Cell 2
Cell 3

Machines

A B

3

3

C

2
2
3

D

4

E

4
3

F

1

7

G

6

H

2

The sequence of machines

A-C-D-E-F
E-C-G
B-F-H-C

D, and E (Table 1). Therefore, part 6 initially goes
to machine A and then skips machine C to visit
machine D. This part is then processed on machine
E as final stage.

Two conditions are to be satisfied in order to
process a part on a machine. These are: (1) the
machine has to finish processing of earlier job, and
(2) the part has to get released from preceding
machine. A matrix-based representation of these
conditions for flow shop scheduling problem can
be found in Chu et al. (1995). Nowicki and
Smutnicki (1996) have also used grid graph
representation of flow shop scheduling problem
to calculate makespan and demonstrate block
properties. However, the approach used in this
paper is slightly different, as unlike the flow shop
scheduling, in cell scheduling each part is not
processed by all the machines and also there are
bottleneck machines between the cells. Fig. 1
shows a grid graph representation of the schedul-
ing problem in cell 1. In this figure, the columns
stand for parts and the rows stand for machines.
Horizontal and vertical arrows represent condi-
tions (1) and (2) mentioned above, respectively.
Each circle in this figure shows the processing of
part in the corresponding column by machine in
the corresponding row. Let p denote the permuta-
tion of parts belonging to a particular cell. In
Fig. 1, parts are processed in sequence p =
ð6; 5; 10; 9Þ: For example, the second column in
this figure shows the processing of part 5. In this
column, part 5 goes to machine A first and then
visits machine C. Once part 5 gets completed
on machine C, it goes to machines D, E and F,
respectively. On the other hand, there is only
one circle in the second row meaning that machine
C processes only one part (part 5) in this part
family.

n: 16 5

23 39 42

51

Fig. 1. Calculation of earliest times to complete each operation
in cell 1. The largest value, i.e. 51, is the makespan for
permutation p = ð6; 5; 10; 9Þ:

As it is widely used in literature, we consider
the makespan to measure the effectiveness of
schedules. In Fig. 1, let rnh denote the earliest time
needed to complete part pðhÞ on machine n: The
circle (n; h) is directly connected to the circle (m; h)
in the upward direction and circle (n; g) in the
leftward direction. Considering the two conditions
discussed above, the rnh is calculated as follows:

rnh = maxðrng; rmhÞ þ tnpðhÞ; (1)

where tnpðhÞ is the processing time of part pðhÞ on
machine n. The terms rng and rmh in the right-hand
side of Eq. (1) represent conditions (1) and (2),
respectively. If there is no circle connected to circle
(n; h) in the left, it means that part pðhÞ is the first
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part in sequence p that visits machine n and
therefore rng = scn; where c is the part family to
which part pðhÞ belongs and scn is the setup time of
part family c on machine n: If there is no upper
circle connected to circle (n; h), it means that part
pðhÞ is ready to get processed on machine n
and therefore, rmh = 0: The makespan will be the
largest r in the grid graph. In general, the
makespan associated with permutation p in cell c
is determined as follows:

axOi) = max{rnA|V(«,/0eX}, (2)

where X is the set of all circles in the grid graph of
cell c.

In Fig. 1, the earliest time to complete each
operation is shown alongside the corresponding
circle. As seen in this figure, the largest r is 51 and
therefore, the makespan in cell 1 is 51 for
permutation p = ð6; 5; 10; 9Þ:

4. The proposed SVS-algorithm

The scheduling problem addressed in this paper
consists of two problems, namely intra-cell and
inter-cell scheduling problems. Sequencing parts
within cells is called intra-cell scheduling and
sequencing part-families/cells is termed inter-cell
scheduling. The scheduling approach adopted in
this paper is of exhaustive type in which all
machines process parts and part families in the
same order. In other words, no part/part family
can seize a machine before its preceding part/part
family. Yang and Liao (1996) pointed out that
although non-exhaustive scheduling can make a
better tradeoff between the processing and setup
times, several advantages such as learning effects
and reduction of the defect rate may be obtained
by adopting exhaustive scheduling. In addition,
Mahmoodi and Dooley (1991) conducted a
simulation study and reported that the perfor-
mance of exhaustive scheduling is generally super-
ior to that of non-exhaustive scheduling.

The proposed approach performs as follows: at
the first stage (intra-cell scheduling), the sequence
of parts is determined for each part family. The
inter-cellular moves are ignored in this stage and
it is assumed that all the machines required to

process a part family are available in the relevant
cell. Therefore, at the first stage we have C
independent sequencing problems, where C is the
number of cells. At the second stage (inter-cell
scheduling), bottleneck machines are taken into
account and part families are sequenced using
a proposed heuristic procedure.

4.1. Intra-cell scheduling

There are many heuristics in literature (e.g.
Campbell et al., 1970; Nawaz et al., 1983) that can
be applied for the intra-cell scheduling problem
with minor modifications. Taillard (1990) com-
pared different constructive methods on problems
of different sizes (9 x 10, 10 x 10, 20 x 10, 20 x 20,
40 x 10, 50 x 10) and reported that the perfor-
mance of NEH method proposed by Nawaz et al.
(1983) is superior to other constructive methods.
Therefore, the first stage of our proposed SVS-
algorithm uses the NEH method to sequence parts
within the cells. The stepwise procedure of this
stage is presented as follows:

Step 1: Set c= 1:

Step 2: For every part p in cell c calculate

Tp = Xtmp 8pAPc 8mAMp;
m

where Mp is the set of machines required to
process part p and Pc is the set of parts in part
family c:

Step 3: Arrange parts belonging to cell c in
decreasing order of T and call this list as L.

Step 4: Consider the first two parts in list L, i.e.
L(1) and L(2), and find the sequence of these parts
with lesser makespan.

Step 5: If there are only two parts in Pc; i.e.
jjPc = 2; then the obtained sequence is the best
permutation of parts in cell c and go to Step 8.
Otherwise, setp = 3:

Step 6: Without changing the sequence obtained
so far, insert part L(p) mp possible positions in the
sequence yet obtained. Of p possible permutations,
select the sequence with minimum makespan.

Step 7: Ifp o jjPc; setp = p þ 1 and go to Step 6.
Otherwise, set the obtained sequence as the best
permutation of parts in cell c.
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Step 8:lic= C; STOP. Otherwise, set c = c þ 1
and go to Step 2.

An efficient implementation of the NEH algo-
rithm has been reported in Taillard (1990) with a
complexity of O(n2m), where n is the number of
jobs and m is the number of machines. Since a
CMS is decomposed into several cells, each with
fewer parts and machines (about six machines on
an average Wemmerlov and Hyer, 1989.), this stage
of the SVS-algorithm can be executed in a short
time.

In order to show the first stage of the proposed
SVS-algorithm for intra-cell scheduling, this meth-
od is used to find the sequence of parts in cell 1 in
the aforementioned illustrative example. In cell 1,
there are four parts, i.e. jjP1 = 4 and the set of
machines needed to process parts are M5 = {A, C,
D,E,F}, M6 = {A,D,E}, M9 = {A,E} and M10 =
{A, D}. The total processing time of each part in
cell 1 is calculated as follows:

T5 = 8 þ 11 þ 12 þ 3 þ 4 = 38;

T9 = 3 þ 9 = 12; = 7 þ 3 = 10:

In Step 3, parts in cell 1 are ordered as
L = (5,6,9,10). Using Eqs. (1)-(2), the makespan
for partial sequences 5-6 and 6-5 are calculated as
55 and 46, respectively. Thus, the partial sequence
6-5 is selected in Step 4. The parameter p is set to 3
in Step 5 and part L(3), i.e. part 9, is picked up to
insert in three possible positions in partial se-
quence 6-5. Eqs. (1)-(2) are used to calculate the
makespan associated with permutations 9-6-5,
6-9-5 and 6-5-9. The makespan for these partial
sequences are obtained as 49, 49 and 51, respec-
tively. Out of partial sequences 9-6-5 and 6-9-5, the
partial sequence 9-6-5 is selected arbitrarily as
these have the same makespan. The parameter p is
set to 4 in Step 7. Again, in Step 6 part L(4), i.e.
part 10, is inserted in four possible positions in
partial sequence 9-6-5. Doing so, the sequences 10-
9-6-5, 9-10-6-5, 9-6-10-5 and 9-6-5-10 are obtained
and the corresponding makespan are calculated
using Eqs. (1)-(2) as 56, 56, 56 and 49, respec-
tively. Thus, the sequence 9-6-5-10 is selected.
In Step 7, since p = jjP1; the sequence 9-6-5-10 is

set as the best permutation of parts in cell 1 and
the process proceeds to Step 8. In Step 8, the
algorithm returns to Step 2 to find the permutation
of parts in other cells. Performing this method on
cells 2 and 3, the best permutation of parts is
obtained as 2-4-1 and 3-7-8, respectively.

4.2. Inter-cell scheduling

Once the sequences of parts within cells are
determined, the next problem is to sequence cells
so as to minimize maximum completion time of all
part families on all machines. Let s denote the
sequence of cells in inter-cell scheduling problem.
In the proposed method, a pairwise comparison of
cells is performed to sequence different cells. There
are two possible partial sequences for cells c and c0

viz. s1 = ðc; d) and <x2 = c0; cÞ: In the proposed
method, the makespan is calculated for both
partial sequences s1 and s2: Of sequences s1 and
s2 ; the sequence that results into smaller makespan
is selected and the score of the cell appearing first
in the parenthesis is increased by 1. This compar-
ison is done for every pair of cells and thus the
final sequence of cells is obtained in the sequence
of decreasing order of scores.

We would discuss now the grid graph represen-
tation of partial sequence a = (c, Þ; which clarifies
calculation of makespan. Except those circles in
cell d that are connected to a circle in cell c, the
value of r for all the circles in the grid graph of
partial sequence s = (c, d) can still be calculated
using Eq. (1). To calculate the value of r for those
circles in cell d that are connected to a circle in cell
c, let machine n be a bottleneck machine between
cells c and d. Given the sequence of parts in cells c
and d obtained in the first stage, let part pðhÞ be
the last part in cell c that needs processing on
machine n. In cell d, let part pðh0Þ be the first part
that needs processing on machine n. In the grid
graph of sequence a = (c, Þ; the circles represent-
ing these operations can be connected in one of
the cases shown in Fig. 2. The earliest time to
complete part pðh0Þ on machine n in cell d is
calculated as follows:

In case (a): rnU = max(rmi.,rni + sc>n) + tn7l{U), (3)

In case ðbÞ: rnU = rnh þ sc0n þ tnpðh0Þ (4)
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237

π: 37
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I n | O i n | O -XD

(a)(b) Cell c Cellc (b) Cellc Cell c'

Fig. 2. Two possible connections of cells in sequence s = ðc; c
0Þ:

where, ,vn is the setup time of part family (cell) c
on machine n: The makespan for partial sequence
a = ðc; c0Þ is the largest r in cell d. The first term
within the parenthesis in the right-hand side of
Eq. (3) indicates the time in which part pðh0Þ is
completed on machine m in cell d. The second
term within this parenthesis ensures that machine
n has completed its earlier job pðhÞ in cell c and has
been set up to process part family d. The function
max( •) in Eq. (3) ensures that both the part pðh0Þ
and machine n are ready for the new operation.
Eq. (4) pertains to the case in which the bottleneck
machine n is the first machine required to process
part pðh0Þ in cell d. Thus, in case (b), the part pðh0Þ
is already ready to seize machine n and the term
ðrnh þ sc0nÞ in the right-hand side of Eq. (4)
guarantees that machine n has completed its last
job in cell c and has been set up to process part
family c0

Fig. 3 shows the grid graph representation of
partial sequence s = ð3; 2Þ in our illustrative
example. There is only one inter-connection
between these cells, which is same as case (b) in
Fig. 2. As seen in Fig. 3, the makespan for partial
sequence s = ð3; 2Þ is 78.

The stepwise procedure of the second stage of
the proposed SVS-algorithm is as follows:

Step 1: Set c=1, i=1 and w(k) = 0; 8k =
1,2, . . . , C .

Step 2: Set d = c þ i:

Step 3: Calculate the makespan for sequences
(7i = (c, d) and a2 = (d, c). Let Cmia(ax) and
Cmaxðs2Þ be t h e makespan associated with se-
quences s1 and s2 respectively.

Step 4: If Cmaxðs1Þ o Cmaxðs2Þ; set wðcÞ = wðcÞ þ1:

B

78

Fig. 3. Calculation of makespan for partial sequence of cells 2
and 3 as s = ð3; 2Þ: The machine C is a bottleneck machine
between cells 2 and 3. There is only one inter-connection
between these cells which is from cell 3 to cell 2 on machine C.
The inter-connection is same as case (b) in Fig. 2.

Step 5: If Cmaxðs1Þ>Cmaxðs2Þ; set wðc0 =
w(d)+l.

Step 6: If c= C - l , go to Step 8.
Step 7: If d < C; set i = iþ1 and go to Step 2.

Otherwise, set c = c þ 1; i = 1 and go to Step 2.
Step 8: Arrange cells by descending order of

values for w and then STOP.

Fig. 4 shows the flowchart of the procedure
proposed for the second stage of the SVS-
algorithm. As seen in the stepwise procedure,
the SVS-algorithm evaluates the makespan of
two sequences s1 = ðc; d) and a2 = c0; cÞ; c =
1;2; y;C — 1 and d = c þ 1; y ; C in each itera-
tion. Therefore, the complexity of the second stage
of SVS-algorithm is O(C2). Since the total number
of manufacturing cells in a CMS is typically small
(about 5.9 cells on an average Wemmerlov and
Hyer, 1989), the second stage of the SVS-
algorithm is computationally efficient.

The proposed procedure for inter-cell schedul-
ing problem is used to determine the sequence of
cells in the illustrative example. In Steps 1 and 2,
we set c = 1; i = 1; wð1Þ = wð2Þ = wð3Þ = 0 and
d = 2: In Step 3, the makespan for sð1;2Þ and
CT\ = ð2; 1Þ are calculated as 67 and 52, respectively
and thus setting w(2) = 1 in Step 5. In Step 7, the
parameter i is set to 2 and the process returns to
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Calculate the makespan for every pair

of partial sequences, σ1 = (c,c') and

σ2 = (c', c), where c = 1,2,..., C - 1

and c' = c+ 1,...,C.

1

Selecta pair of sequences

σ1 = (c, c ) and σ2 = (c , c)

J
> C m a x ( σ 1 ) : C m a x ( σ 2

<

No N o H a v e all pairs been
compared ?

Yes

Sequence cells in decreasing order

of corresponding w value

Fig. 4. Flow chart for the second stage of the proposed SVS-

algorithm. CmaxðsÞ is the makespan calculated for sequence s:

Step 2 and thus d = 3: In Step 3, the makespan for
partial sequences s1 = ð1;3Þ and s1 = ð3; 1Þ are
calculated as 93 and 76, respectively. Therefore, we
set w(3) = 1 in Step 5. In Step 7, we set c = 2; i = 1
and the process returns to Step 2. The parameter c
is set to 3 through Step 2. For sequences s1 = ð2; 3Þ
and s2 = ð3; 2Þ the makespan is calculated as 44
and 78, respectively. Thus, we set wð2Þ = 2 in
Step 4. In Step 6, the procedure jumps to Step 8.
The values of w for different cells are wð1Þ = 0;

wð2Þ = 2 and wð3Þ = 1: Therefore, in Step 8, cells
are sequenced as s = ð2; 3; 1Þ and the process
stops. The total makespan associated with s =
ð2; 3; 1Þ is 76.

5. Computational results

As mentioned in Section 2, Logendran et al.
(1995) have experimentally verified that the
application of LN-PT method performs superior

over other combinations including PT-LN,
PT-CDS and CDS-PT. Thus, the results obtained
through SVS-algorithm are compared to those ob-
tained by LN-PT method. Both the SVS-algo-
rithm and LN-PT method were coded in Borland
C + + and run on a 550 MHz Pentium III PC.

We have selected 15 problems from literature to
evaluate the performance of the proposed SVS-
algorithm. The size of each problem in terms of
total number of parts, machines, and cells have
been reported in Table 3. The largest adopted
problem (problem 1 in Table 3) has 41 parts and
30 machines and the smallest one has seven parts
and five machines. Since the selected problems did
not contain the processing and setup times, these
data were generated randomly from a uniform
distribution in [0,100]. This range is similar to the
one used in the experimentation conducted by
Logendran et al. (1995). To alleviate the effects of
random data and consistently evaluate the perfor-
mance of the proposed algorithm, 100 random
data sets were generated for each problem. With-
out loss of generality, the sequence of machines in
each cell was assumed in the increasing order of
indices of machines. The cell formation solution of
each problem was obtained from the source in
which the problem has been reported.

Each problem was solved 100 times each with
different data sets. The average makespan ob-
tained by LN-PT method and SVS-algorithm is
reported in Table 3 for all the problems. As seen in
this table, the SVS-algorithm obtains lesser make-
span in all problems as compared to LN-PT
method. The last column in Table 3 shows the
percentage of reduction in average makespan
(PRAM%) as compared to LN-PT method. This
measure is calculated as follows:

PRAM% = ðthe average makespan obtained by
LN2PT methodFthe average makespan
obtained by SVS-algorithmÞ=the average makespan
obtained by LN2PT method:

The last row in Table 3 shows that the
application of SVS-algorithm for these problems
has reduced the makespan by 7.29% on average.
The computation time of these methods are not
reported here as both SVS-algorithm and LN-PT
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Table 3
Average makespan obtained by the proposed SVS-algorithm and the LN-PT method (Logendran et al., 1995) for problems selected
from literature

Sl no.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

Total
Average

Problem

Kumar and Vannelli (1987)
Chandrasekharan and Rajagopalan (1989, Fig. 1)
Chandrasekharan and Rajagopalan (1989, Fig. 2)
Carrie (1973)
Srinivasan et al. (1990)
Harhalakis et al. (1990)
Seifoddini (1989a)
Seifoddini (1989b)
Kusiak and Chow (1987)
Kusiak and Chow (1987)
King and Nakornchai (1982)
Waghodekar and Sahu (1984, Fig. 2)
Waghodekar and Sahu (1984, Fig. 3)
Waghodekar and Sahu (1984, Fig. 4)
Waghodekar and Sahu (1984, Fig. 5)

Sizea

P

41
40
40
35
30
20
22
18
11
8
7
7
7
7
7

—

M

30
24
24
20
16
20
11
5
7
7
5
5
5
5
5

—

C

2
7
7
4
4
5
3
2
2
3
2
2
2
2
2

—

Average

SVS

727.2
353.8

1015.8
801.8

1122.2
711.5

1019.2
897.1
417.7
150
226.4
408.3
372.3
425.8
383.7

9032.8
602.18

makespan

LN-PT

767.5
442.1

1080.8
925.6

1140.3
732.5

1099.8
947.9
450.4
172.3
267.1
438.6
376.4
440.4
387.1

9668.8
644.58

PRAM (%)b

5.25
19.97
6.01

13.37
1.58
2.86
7.33
5.36
7.26

12.94
15.23
6.91
1.09
3.31
0.87

109.34
7.29

aP: number of parts, M: number of machines, C: number of cells.
b PRAM (%) is the percentage of reduction in average makespan.

method solve problems in lesser than 100th of
a second.

6. Discussion and conclusion

results indicate that the proposed algorithm has
ability to reduce the makespan as compared to
LN-PT method.

The advantages of the proposed SVS-algorithm
can be outlined as follows:

This paper concerns the scheduling problem in
CM environment. In many cases, the conventional
flow shop group scheduling approach cannot be
applied to CM-based systems. The major short-
comings of the group scheduling problem have
been discussed in this paper. This paper considers
the cell scheduling problem in the presence of
bottleneck machines and exceptional elements
which cause inter-cellular moves in CM. In this
sense, the considered problem is more general than
the conventional flow shop group scheduling
problem. We propose a two-stage heuristic,
namely SVS-algorithm to solve this problem with
an aim to minimize the makespan. The SVS-
algorithm and the LN-PT method proposed by
Logendran et al. (1995) are used to solve 15
problems selected from literature. The obtained

1. The SVS-algorithm considers inter-cellular
movements, which are common in CMS's.

2. The SVS-algorithm is effective in reducing
makespan as compared to LN-PT method.

3. The SVS-algorithm is simple to deploy in real
problems of CMS.

Some limitations of the proposed approach,
which require further research, are as follows. The
considered cell scheduling problem can further be
extended to include issues relating to material
handling time, buffer size constraints, etc. One of
the assumptions in the proposed cell scheduling
model is that there is no backtracking within the
manufacturing cells. Relaxation of this assumption
can enhance the applicability of the proposed
approach.
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