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Abstract – In this paper we develop a mathematical model
to capture the complexity of important planning problem
inGroupTechnology (GT) Manufacturing Systems, namely,
cell formation and part routing selection. Research published
so far treats the problem independently in a hierarchical
manner. We treat it as  equally important decisions and
develop a 0–1 integer programming formulation to select
part routing and to form cells.The processing time and the
machines required to complete processing for seven parts
were found out from the routing card of each part. The cell
schedule was found using the Shortest Processing Time [SPT]
for minimizing makespan. The optimal performance was
then established and measured using three different
techniques.

Keywords – Cellular Manufacturing, Shortest Processing
Time, Makespan.

I. INTRODUCTION

Group technology (GT) is a manufacturing philosophy
which capitalizes on similar, recurrent activities. It is a
philosophy with broad applicability, potentially affecting
all areas of a manufacturing organization. One specific
application of GT is cellular manufacturing (CM) cellular
manufacturing involves processing collections of similar
parts (part families) on dedicated cluster of dissimilar
machines or manufacturing processes (cells). The most
claimed advantages of CM are better delivery performance
, shorter lead time , reduced work-in-process inventories ,
improved product quality , reduced tooling requirements ,
reduced material handling etc[10] . Another search [3, 5]
had a systematic methodology to construct cellular layouts
using GT technique for large size problems. The
developed model includes details like machine sequence,
production volume and machine revisits for formation of
cells.

In this paper we consider a generalized group
technology problem of manufacturing a group of parts in
which the processing requirements of parts on machines
are obtained from the routing cards.

The objective is the formation of cells and the
scheduling or determination of the sequence or order in
which the part families assigned to a cell should be
processed in order to either minimize or maximize some
measure of performance [9].

The ROC and SPT methods were used to establish the
cell formation. The Cell efficiency was established using
three different techniques and a comparative study was
then conducted. These methods are namely,
Chandrasekhar and Rajaagoplan [4,6], which reveals the

goodness fit within a cell and inter-cell movement.[1,2]
used shows the low discriminating power of the grouping
efficiency between well-structured and ill-structured
machines, and it is a direct measure of the effectiveness of
utilized an algorithm.SekharaRao [11] regarded as fuzzy
uncertainty in part machine matrix. Based on this research,
a new similarity coefficient matrix is defined with 0 to one
elements. Also, some studies such as [12] made layout
decisions concurrently with CMS where demand was
stochastic. Many contents are also focused on CMS
problem in dynamic situations and stochastic demand in
which demand is changed from a period to another period
[13, 14].

In practice, costs, demands, processing times [15] set-up
times, and the other inputs to classical CMS problems may
be highly uncertain so that it can have impact on results
sensitively. So, development models for cellular
manufacturing problem under uncertainty can be novel
area for researchers and belongs to a relatively new class
of CMS and scheduling problems that were not researched
well in the literature. In this way, random parameters can
be either continues or described by discrete scenarios. V.
Ghezavati & M. S.Mehrabad [16] designing integrated
cellular manufacturing systems with scheduling
considering stochastic processing time. Assumed that
processing time of parts on machines is stochastic and
described by discrete scenarios enhances application of
real assumptions in analytical process [17]. This model
aims to minimize total expected cost consisting maximum
tardiness cost among all parts, cost of subcontracting for
exceptional elements and the cost of resource
underutilization. An attempt has been made to use
Mahalanobis distance, a statistical measure used to
classify observations into different groups, for the
identification of the part families and machine groups that
would result in optimal machine part cell formation.

II. PROBLEM DEFINITION

In this paper we have an example of seven parts which
are processed on 8 different machines as in Table (1).

Table 1: Parts and there process
Part

Serial
The

processes
on the part

Processing
Time

(minutes)

Machine
Number

1
Cutting
Drilling
Welding

5
6
4

1
3
4

2 Cutting 4 1
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Forming
Welding
Drilling

Threading

5
6
5
7

2
4
3
5

3
Cutting
Forming

6
7

1
2

4
Cutting
Welding

5
5

1
4

5

Shearing
Drilling
Folding

Threading

7
5
5
7

6
3
7
5

6

Shearing
Drilling
Folding

Threading

6
6
7
6

6
3
7
5

7
Shearing
Drilling

Threading

7
5
7

6
3
5

The objective of applying the cellular manufacturing is
to group parts in cells then scheduling the processing of
the parts in order to minimize there makespan time .

III. CELL FORMATION

- The Processing requirements of parts on machines are
obtained from the routing.
- This information is commonly represented in a matrix
called the part – machine matrix, which is a P  M matrix
with 0 or 1 entry.

Table 2: Initial part- machine matrix

M
ac

hi
ne

s

Parts Deci
mal

equiv
alent

Ran
k1 2 3 4 5 6 7

1 1 1 1 120 (1)
2 1 48 (4)
3 1 1 1 1 1 103 (3)
4 1 1 1 104 (2)
5 1 1 1 1 39 (5)
6 1 1 1 7 (6)
7 1 1 6 (7)

Binary
weight

26 25 24 23 22 21 20

- The sequence of operation is ignored by this matrix.
- The basic assumption is that the machine type within the
group to which the part is assigned has sufficient capacity
to process the parts completely.
- Applying the Rank order clustering (ROC) for cell
formation.
- Step 1. For row m = 1,2,….., M.

The decimal equivalent Cm by reading the entries as
binary words:

i.e. Cm = 


P

1P
2P- P ·  a pm (apm = 0 or 1) (1)

Then Reorder the Rows in decreasing Cm.
In the Case of a tie, keep the original order.
- Step 2. For column P = 1,2,….., P.
The decimal equivalent rP by reading the entries as binary
words:

i.e. rP = 


M

1M
2m – m · a pm (apm = 0 or 1) (2)

Then Reorder the Columns in decreasing rp.
In the Case of a tie, keep the original order.
- Step 3.  If the new part, Machine matrix is unchanged,

thenstep 4, else go to step 1.
Table 3: Step1, row- Permuted matrix

M
ac

hi
ne

s

Parts Binary
weight1 2 3 4 5 6 7

1 1 1 1 26
2 1 25
3 1 1 1 1 1 24
4 1 1 1 23
5 1 1 1 1 22
6 1 1 1 21
7 1 1 20

Decimal
equivale

nt

11
2

124 7
2

9
6

2
3

2
3

2
2

Rank 2 1 4 3 5 6 7

Table 4: Part family and machine groups(arrangement 1)

M
ac

hi
ne

s

Parts
1 2 3 4 5 6 7

1 1 1 1 1
2 1 1 1 0
3 1 1 0 0 1 1 1
4 1 0 0 1
5 1 1 1 1
6 1 1 1
7 1 1

The Matrix is as in Table 4 because the Rank is as step1.
- Number of exceptional elements = 4,

Number of voids = 6,
Total = 10

Table 5: Part family and machine groups (arrangement 2)

M
ac

hi
ne

s

Parts
1 2 3 4 5 6 7

1 1 1 1 1
2 1 1 1 0
3 1 1 0 0 1 1 1
4 1 1 0 0 0
5 1 1 1 1
6 1 1 1
7 1 1

- Number of exceptional elements = 6,
Number of voids = 7,
Total = 13
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Table 6: Part family and machine groups (arrangement 3)

M
ac

hi
ne

s

Parts
1 2 3 4 5 6 7

1 1 1 1 1
2 1 0 0 1
3 1 1 1 0
4 1 1 1 1 1
5 1 1 1 1
6 1 1 1
7 1 1 0

- Number of exceptional elements = 3,
Number of voids = 4,     Total = 7
The part Family an M/C group (arrangement 3) is more

suitable to this case.  The Part Families are
:Group 1- Part 1,2,3,4. Group 2- Part 5, 6, 7.
And the machines group:
Group 1- machines 1, 2, 4. Group 2- machines 3, 5, 6, 7.
So there are two cells:
Cell 1 machine Group 1.
Cell 2 machines Group 2.

IV. SCHEDULING OF CELLULAR STRUCTURE

4-1 Applying Shortest Processing Time Rule (SPT)
on the model

Table 7: Machine and processing time for each part

Parts
Machine
Sequence

Cell
Processing

Times (Min)
Part 1
Part 2
Part 3
Part 4
Part 5
Part 6
Part 7

1, 3, 4
1, 2, 4, 3, 5

1, 2
1, 4

6, 3, 7, 5
6, 3, 7, 5

6, 3, 5

1
1
1
1
2
2
2

5, 6, 4
4, 5, 6, 5, 7

6, 4
5, 5

7, 5, 5, 7
6, 6, 7, 6

7, 5, 7

Table 8: SPT order for jobs and machines
M/C 1 M/C 2 M/C 3 M/C 4 M/C 5 M/C 6 M/C 7

2/4
1/5
4/5
3/6

2/5
3/7

2/5
5/5
7/5
1/6
6/6

1/4
4/5
2/6

6/6
2/7
5/7
7/7

6/6
5/7
7/7

5/5
6/7

Table 9: Minute–to–minute Schedule: jobs on each
machine

Time M/C 1 M/C 2 M/C 3 M/C 4 M/C 5 M/C 6 M/C 7
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

2
2
2
2
1
1
1
1
1
4
4
4
4
4
3
3
3
3
3
3

–
–
–
–
2
2
2
2
2
–
–
–
–
–
–
–
–
–
–
–
3
3
3
3
3
3
3

–
–
–
–
–
–
6
6
6
6
6
6
1
1
1
1
1
1
2
2
2
2
2
5
5
5
5
5
7
7
7
7
7
1
1
1
1

–
–
–
–
–
–
–
–
–
2
2
2
2
2
2
4
4
4
4
4
1
1
1
1
1
1
2

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
6
6
6
6
6
6
2
2
2
2
2
2
2
5
5
5
5
5
5
5
7
7
7
7
7
7
7

6
6
6
6
6
6
5
5
5
5
5
5
5
7
7
7
7
7
7
7

–
–
–
–
–
–
–
–
–
–
–
–
–
6
6
6
6
6
6
6
–
–
–
–
–
–
–
–
–
–
–
–
5
5
5
5
5

The makespan is 47 minute.

Table 10: the machines utilization and Idle times
Machine M/C

Utilization
M/C Idle

M/C 1
M/C 2
M/C 3
M/C 4
M/C 5
M/C 6
M/C 7

42.6 %
25.5 %
57.5 %
31.9 %
57.5 %

42.61 %
25.5 %

57.4 %
74.5 %
42.5 %
68.1 %
42.5 %
51.4 %
74.5 %
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4-3 applying shortest processing time (SPT) on the model
with Duplication of drilling machine
- There are two cells with duplication of M/C 3
Machine group 1, 2, 3, 4
Machine group 3, 5, 6, 7

Table 11: SPT order for jobs and machines with
duplication of drilling machine

M/C 1 M/C
2

M/C
3

M/C
4

M/C
3*

M/C5 M/C6 M/C7

2/4
1/5
4/5
3/6

2/5
3/7 2/5

1/6

1/4
4/5
2/6

5/5
7/5
6/5

6/6
2/7
5/7
7/7

6/6
5/7
7/7

5/5
6/7

4-2 A Gantt chart for the model
Fig.1. A Gantt Chart for the model

Table 12: minute – to – minute Schedule: jobs on each
machine with duplication of drilling machine

Tim
e

M/C
1

M/C
2

M/C
3

M/C
4

M/C3
*

M/C
5

M/C
6

M/C
7

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

2
2
2
2
1
1
1
1
1
4
4
4
4
4
3
3
3
3
3
3

–
–
–
–
2
2
2
2
2
–
–
–
–
–
–
–
–
–
–
–
3
3

–
–
–
–
–
–
–
–
–
1
1
1
1
1
1
2
2
2
2
2

–
–
–
–
–
–
–
–
–
2
2
2
2
2
2
1
1
1
1
4
4
4

–
–
–
–
–
–
6
6
6
6
5
6
5
5
5
5
5

7
7

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
6
6
6

6
6
6
6
6
6
5
5
5
5
5
5
5
7
7
7
7
7
7
7

–
–
–
–
–
–
–
–
–
–
–
–
–
6
6
6
6
6
6
5
5
5

Tim
e

M/C
1

M/C
2

M/C
3

M/C
4

M/C3
*

M/C
5

M/C
6

M/C
7

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

3
3
3
3
3

4
4

7
7
7

6
6
6
5
5
5
5
5
5
5
5
7
7
7
7
7
7
2
2
2
2
2
2
2

5
5
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4-4 A Gantt Chart for the model with duplication of drilling machine
Fig.2. A Gantt Chart for the model with duplication of drilling machine

The makespan = 46 minute

Table 13: the machines utilization and Idle times
Machine Cell M/C

Utilization
M/C Idle

M/C 1
M/C 2
M/C 3
M/C 4
M/C 3
M/C 5
M/C 6
M/C 7

1
1
1
1
2
2
2
2

43.5 %
26.0 %
23.9 %
32.6 %
34.8 %
58.7 %
43.5 %
26.1 %

56.5 %
74.0 %
76.1 %
67.4 %
65.2 %
41.3 %
56.5 %
73.9 %

Table 14: the machines Utilization and Idle times with
duplication of drilling and threading machinesof drilling

and threading machines
Machine Cell M/C

Utilization
M/C Idle

M/C 1
M/C 2
M/C 3
M/C 4
M/C 5

M/C 3*
M/C 5*
M/C 6
M/C 7

1
1
1
1
1
2
2
2
2

53.8 %
30.7 %
28.2 %
38.5 %
17.9 %
41.0 %
51.3 %
51.3 %
30.8 %

46.2 %
69.3 %
71.8 %
61.5 %
52.1 %
59.0 %
48.7 %
48.7 %
69.2 %

4-5 Scheduling with duplication of drilling and
threading machines
- There are two cells with duplication of M/C 3 and M/C 5
- Machine group 1, 2, 3, 4, 5
- Machine group 3, 5, 6, 7
The same as sequencing 4-3 except part 2 will be on M/C
5 in the machine  group(1, 2, 3, 4, 5) so The makespan will
be 39 minute. As in table (12)

V. PERFORMANCE MEASURES FOR CELL

FORMATION

- To compare the quality of solutions obtained by different
algorithms on an absolute scale, there is a need to develop
performance measure or criteria.
- There are three measures
1- Grouping efficiency .
2- Grouping efficiency .
3- Grouping efficiency g.
- The identification of part families and machine groups
which required for the three measures to the two cells are
P = number of parts
M= number of Machines
D = number of 1s in the diagonal blocks
E = number of exceptional elements in the solution
O = number of is the matrix (apm)
V = number of voids in the solution

(Voids refer to the Os inside the diagonal blocks )
5-1 Grouping efficiency 
- Proposed by [7, 8].
- The goodness of solution depends on the utilization of
machines within a cell and inter-cell movement.
Was therefore proposed as a weighted average of the two
efficiencies 1 and 2.
 = w 1 + (1-w) 2(3)
Where

1 =
ν


eo

eo

2 =
eoMP

oMP



ν
ν

= (w)
ν


eo

eo
+ (1-w)

eoMP

oMP



ν
ν (3-1)
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A value of 0.5 is recommended for w
1 = the ratio of the No. of 1s in the diagonal blocks to the
total No. of elements in the blocks (both 0s and 1s)
2 = the ratio of the No. of 0s in the off diagonal blocks to
the total No. of elements in the off-diagonal blocks (both
0s and 1s).
5-2 Groping efficiency 
- Proposed by Khator, S.K. and Irani, [6]
- Proposed to overcome the low discriminating power of

the grouping efficiency between well-structured and ill-
structured machines.

=
φ
ψ




1

1
=

vo

eo




(4)

Where:  = e/o and  = v/o
5-3- Grouper efficiency g

- Proposed by Chu, C-H. And Tsai. M [5]:
- It's also a direct measure of the effectiveness of an
algorithm
g = u - m -1 g 1
Where
u = d/ (d+v) 0 u 1
m = 1 - (d/o) 0 m 1
g = d / (d + v) – 1 – ( d / o ) (5)
Table 15: Calculation of the three performance measures

for the two arrangements Table (4) & Table (5).
Performance

measure
Arrangement

(1)
Arrangement (3)

M = 7   P = 7
o = 23

e = 4    v = 6
d = 19

M =7 P = 7  o = 23
e = 3  v = 4   d = 19

Grouping
efficacy 

(equation 6-1)

0.38 + 0.4167
= 0.797

0.4167+0.44=0.8567

Grouping
efficacy 

(equation 6-2)

0.6551 0.740

Grouping
efficacy g

(equation 6-3)

0.76 – 0.174
= 0.586

0.826-0.174=0.652

The mean
efficiency

0.679 0.75

The part family and M/c group (arrangement 3) is more
suitable to this case.

VI. CONCLUSIONS

In this paper a generalized approach of GT was
presented. The cellular manufacturing systems are one
specific application of GT. The processing time and the
machines required to complete processing the seven parts
from the routing card of every part were found, after
which the Rank order Clustering (ROC) for the cell
formation was applied and which resulted in two cells as
given in Table (6) which has total number of exceptional

and void elements equal 7 which is the optimum for this
case.

The Shortest Processing Time (SPT) for minimizing
makespan was applied which resulted in (47 minutes)
which is the optimum for this problem. A Gantt chart was
used to show the utilization and the idle time of the
machines. The drilling machine was then duplicated which
resulted in (46 minutes) this was succeeded by  to
duplicating the  threading machines which resulted in a
further makespan reduction to (39 minutes) and further
improvement in the utilization of the machines .

A performance measure for cell formation in table (13)
which gives the mean efficiency for arrangement, which
results in shorter lead time, reduced work-in-process
inventories, improved product quality, reduce tooling
requirements, and reduced material handling.
For Future Research,

We suggest three directions, Development of the model
under more and the other stochastic parameters such as
costs, processing routes and machine availability.
Considering this problem as a multi objective model
which considers cell formationdecisions in one objective
and scheduling in the other objective. Aggregating
proposed model with the other production aspects like
layout problem considerations. These remain a critical
issue for future study.
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