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2 x 2 Contingency Table

a4 = number of (1,1) matches, b5 = number of (1,0) nonmatches,
¢ = number of (0,1) nonmatches, 4 = number of (0,0) matches

The value of this similarity coefficient is, usually,
inflated due to the inclusion of 0 matches.
Consequently, two machines with few common
operations may have a high similarity coefficient
due to their noncommon operations (0 matches).
The Jaccard’s similarity coefficient' is designed to
overcome this problem by excluding the 0 matches,
For two machines, the Jaccard’s similarity coeffi-
cient, Sy, is defined as follows:

a

Sia =a+b+c+d

Based on this similarity coefficient, McAuley®
defined the similarity coefficient between two
machines as the number of parts visiting both
machines divided by the number of parts visiting at
least one of the two machines. This can be expressed
mathematically as follows:
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where:
Sii = similarity coefficient between machines
iandj
n = mumber of parts
1 if part k visits both machines i and j
ik -
0 otherwise

_ _ ] ifpart kvisits one of machines i or /, or both
o 0 otherwise

Applying this definition to the machine-component
chart in Figure 1, the similarity coefficient betweep
machines 1 and 2 is calculated as follows:

S12 = 38- =0.375

The major drawback of this similarity coefficient ig
that it only uses the data in the machine-component
chart to calculate the similarity coefficients between
machines. In real-world applications, however, there
are other factors that may affect the similarity mea-
sures as well. One such factor is production volume,
It is desirable that parts with higher production vol-
umes contribute more to the similarity between the
machines processing them. Higher similarity coeffi-
cients between machines cause them to be grouped
into the same cell. Consequently, incorporation of
production volume into the similarity measures
increases the chance of parts with high production
volume being processed within a single machine cell.
As a result, there will be fewer intercellular moves for
these parts, which translates into a lower intercellular
material handling cost.

The Jaccard’s similarity coefficient can be modi-
fied to incorporate production volume into the sim-
ilarity measure. The production volume based simi-
larity coefficient can be defined as follows:!?
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where Sy = the similarity coefficient between
machines i and j, N, = production volume for part
k, and n, Xy, and Y are as defined previously. It is
expected that this similarity coefficient will be more
effective in forming machine cells.

The next section presents a procedure for the per-
formance evaluation of cellular manufacturing sys-
tems formed by using the two types of similarity
coefficients,

S

Solution Methodology

Performance of the two similarity measures—the
Jaccard’s similarity coefficient and the production
volume based similarity coefficient—are compared
through the performance evaluation of the corre-
sponding cellular manufacturing systems. Each of
the two similarity coefficients will be employed in



conjunction with a clustering algorithm to develop a
cellular manufacturing system based on a given
machine component chart. Then a proper perfor-
mance measure will be used to compare these cellu-.
lar manufacturing systems, which represent the sim-
ilarity measureg.

Several performance measures have been devel-
oped for the performance evaluation of cellular
manufacturing systems, including the sum of inter-
cellular and intracellular material handling costs,"
group efficiency,' group efficacy,'® and group capa-
bility index.!® Most of these measures, however, are
inconsistent in determining the performance and
generate less than a perfect score, even when a com-
plete block diagonal form is formed.'

Among existing performance measures, the sum
of intercellular and intracellular material handling
costs is more effective in the performance evaluation
of cellular manufacturing systems.!® This is due to
two major factors. First, material handling cost
directly affects production cost; therefore, any
reduction in the sum of intercellular and intracellu-
lar material handling costs improves the perfor-
mance of the cellular manufacturing system.
Second, the reduction in intercellular material han-
dling cost is achieved by placing machines with a
large number of operations close to each other. Such
an arrangement provides the basis for the imple-
mentation of group tooling and group scheduling,
which reduces setup costs and results in further
reduction in production costs.

The sum of intercellular and intracellular materi-
al handling costs is a function of the arrangement of
machines in machine cells, which is directly affect-
ed by the type of similarity coefficient used to form
them. Because the new similarity measure uses pro-
duction volume as a weight in the calculation of the
similarity coefficient between machines, the similar-
ity coefficient between two machines that process
parts with high volume will be high. As a result,
these machines are more likely to be assigned to the
same machine cell, thus reducing the number of
intercellular moves by replacing them with intracel-
lular moves. This affects the sum of intercellular and
intracellular material handling costs, making it an
effective performance measure for comparison of
different similarity coefficients.

Intercellular material handling cost is a function
of the number of exceptional parts, the number of

intercellular moves created by each exceptional part,
the traveling distances between machines, and the
unit transportation cost. A number of computerized
algorithms exist that are capable of calculating the
intercellular material handling cost based on a sub-
optimal layout of machine cells. One such algorithm
is CRAFT.' This algorithm can also be used to cal-
culate intracellular material handling cost. Because
the number of trips of transportation vehicles is not
necessarily the same as the number of trips for
exceptional parts, transportation cost should be
defined to reflect the unit cost of a trip for an excep-
tional part before CRAFT can be employed.

The sum of intercellular and intracellular materi-
al handling costs is calculated for the two cellular
manufacturing systems formed by using the
Jaccard’s similarity coefficient and the production
volume based similarity coefficient. The result is
used to compare the performance of each similarity
coefficient. To minimize the effect of special situa-
tions, 10 different problems have been used.
Furthermore, the production volume of parts in the
machine-component charts is generated randomly.

The procedure for the performance evaluation of
the two similarity coefficients in its algorithmic
form is as follows:

I. Form the machine cells and assign part fami-
lies to them using the Jaccards similarity
coefficient and the production volume based
similarity coefficient.’

II. Calculate the sum of intercellular and intra-
cellular material handling costs for each of
the machine cells formed in step I (a CRAFT
algorithm can be employed).”

ITI. Repeat steps 1 and 1T for several different
problems and use the results to compare the
effectiveness of the two similarity coeffi-
cients in forming machine cells.

A significant improvement in the material handling
cost is an indication that the production volume based
similarity coefficient is more effective than the
Jaccard’s similarity coefficient, which has, generally,
been used in the machine cell formation process.

The decrease in material handling cost due to the
employment of the production volume based simi-
larity coefficient improves productivity of the cellu-
lar manufacturing system in two ways. First, it
reduces overall cost. Second, improved material



flow contributes to better scheduling, which results
in improvement in overall operation of the cellular
manufacturing system. It should be mentioned that
the intercellular material handling cost is $O for
manufacturing situations in which independent
machine-component groups can be formed. The
intercellular material handling cost in manufactur-
ing situations in which the production is organized
around product types is also lower than a general
batch-type manufacturing situation. This is true
because of smaller variations within part families. In
addition, the performance of cellular manufacturing
systems can be further improved by considering the
available capacity while forming machine cells.

In the next section, a numerical example is used
to demonstrate the procedure and to evaluate the
performance of each similarity coefficient.

Analysis of Results

Ten different machine-component grouping prob-
lems have been used to examine the effectiveness of
the Jaccard’s similarity coefficient and production

6,5,90,1,70,7,20,4,40,6,8,1,70,5,5, 40, 6, 9,
9, 30, 10, 20, 20, 7, 80. The machine-component
group arrangement when using the Jaccard’s simi-
larity coefficient is shown in Figure 4.

The sum of intercellular and intracellular materi-
al handling costs for the cellular manufacturing sys-
tem based on these machine cells is $2672. A
CRAFT algorithm has been used to generate a sub-
optimal layout and to calculate corresponding mate-
rial handling costs.

The machine-component group arrangement
when using the production volume based similarity
coefficient is presented in Figure 5. The sum of
intercellular and intracellular material handling
costs when CRAFT is used is $1644. This represents
a substantial reduction of 38.5% in total material
handling costs. The reduction can be attributed to
the incorporation of production volume into the

Tuble 1
Original Machine-Component Groups

S ,, ; No. Problem Size Source
volume based similarity coefficient. A list of the ) ol i Ker®
problems and their original sources is given in Tuble ) 18 24 \éfrln‘a; Kern
1. A single-linkage (SLINK) clustering algorithm 3 12x22 Randomly generated
has been used to form machine cells.!® 4 8x 12 Randomly generated
One of the machine-component charts in Table 1, > 12x26 Randomly generated
ichi dof15 hi 430 ts. b 6 15x 30 Randomly generated
which is composed o machines aru parts, _as 7 11x22 Randomly generated
been used to demonstrate the procedure. The initial 8 12x 19 Vakharia and Wemmerlov?
machine-component chart is given in Figure 3. The 2 18 xgg gqﬂ?ldgen oL
production volume for parts 1-30 is 1, 8, 20, 3, 30, x rnvasane &
Components
12 345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
1A 1 1 1 11 1 1 1 1
2B 1 1 1
ac 1 1 1 1 1 1 1 11 11
4D 1 11 1 1 1 1 1 1
5E 1 1 1
9 eF 1 T 1 1 11 1 1 1 1
£ 76 1 1 1 1 11
g 8H 11 111 1 1 1 1 11 1 1 1
= 9 11 1 1 1 1
104 1111 14 1 1
11K 1 1 1 1
2L 1 1 A 1 1 11 1 1
13M 1 1 1 11 1 1
14N 11 11 1 1 1

Figure 3
Machine-Component Chart for Problem 6
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Figure 4
Machine Cells for Problem 6 When Using Jaccard’s Similarity Coefficient

machine cell formation process through the applica-
tion of the production volume based similarity coef-
ficient. As expected, the new similarity coefficient
brings machines together that process parts of high
volume and reduces the number of intercellular
moves. Because intercellular moves are more costly
than intracellular moves in terms of transportation,
any reduction in intercellular moves translates into a
reduction in total material handling costs.

Results for the other nine machine-component
grouping problems are summarized in Table 2. In all
cases, except three in which results are the same, the
sum of intercellular and intracellular material han-
dling costs decreases when the production volume

based similarity coefficient is employed. This is a
clear indication that this similarity coefficient is supe-
rior to the Jaccard’s similarity coefficient for machine
cell formation. It should be noted that the reduction in
intercellular moves also contributes to better schedul-
ing by placing critical machines (machines that
process parts of high volume) close to each other.

Detailed data for the first problem in Tuble 2 are
provided in the Appendix. The data include: initial
machine-component chart, part routings for compo-
nents in machine-component groups under both the
Jaccard’s similarity coefficient and the production
volume based similarity coefficient, from-to charts
for machine cells, and layouts of machine cells.

Components
30 21 2 6 24 22 26 17 4 11 7. 28 14 13 3 20 1 16 19 20 23 9 27 8 5 10 15 25 12 18
11 1 1T 1 1 A 11 1 1
6 1 +11 1 1 1 i1 1
4 1 111 1 1 11 1 1
12 1 1.1 1 1 11 1 1
w 7 1 1 1 + o+
2 43 1 11 1 1
£ 14 + 1 11 1 + + +
Q
g 3 + + o+ 4o+ + 1 11 +
9 + + 11 1 +
8 + + + + + + + + LA A
10 + + + + + o+ o+ + + 11 1
5 + 1T 1
11 + 1 1
18 111
2 + + 101

Figure 5
Machine-Component Groups Based on the Production Volume Based Simitarity Coefficient



Table 2 Conclusion
Sum of Intercellular and Intracellular Material Handling Costs for : atd . :
the Two Similarity Coefficients . Apphcahgn_ of the production \{olume based sim-
ilarity coefficient improves machine cell formation

Problem Size Material S.C. Handling Costs in two ways. First, it reduces the sum of intercellular
Prod th'C'V , and intracellular moves. Second, it improves the
foccTion Yome scheduling process by the effective grouping of
! ?gxgé §7896 27347 machines into machine cells. Results based on 10
i g xx12 S:gl‘z sﬁ: different machine-component grouping problems
8 12x 19 $8440  $7239 show_that t}}e production Volume based similar.ity
2 18 x 24 $7314  $6919 coefficient improves the machine cell formation
2 g i gg g;g;ez gi‘g}& process by reducipg the sum of intercellular and
7 11x22 Same Same intracellular material handling costs.
10 16x 30 $7099 $6984
9 16 x 43 $4405 $4205
Appendix—Manufacturing Data Job Routing Data for Problem 1 When Using
Related to Problem 1 Jaccard’s Similarity Coefficient
Part Type Routing Volume
Machine-Component Chart for Problem 1 1 20, 30, 19, 29, 8 115
(30 machines, 41 parts) 2 10,23 16
3 20, 30, 19, 29, 9 120
4 14,25 78
1 Compoznents . \ 5 14 91
12345678901234567890123456789012845678901 6 6,16 71
1 1 111 11 7 17,4 67
2 i 1 11 11 8 8, 28,27 82
a 1 1 101 11 9 29,8 61
g 1 1 ] 11 111 10 22,1,11,21 8
6 1 1 11 2,12 63
;1 , 1 1 1 ; 1 ; 12 3,22,2,21,10,23,12 144
o 1 . ; 13 29,9 127
11? 1 1 1 1 , 1 1 ; 14 18,8 76
g 1 " oy " i 736,17, 18 8
@ 1 Hd H] 3
£n. " | 1 ' 17 5,15 31
g 18 1 1 1 18 2,14 96
i 1 .1 1 ! 19 12, 13 110
191 1 1 9 20 12 136
:ﬁ” 1 4 ; ; 21 30,29,29,9 84
22 11 1 i1 ‘1 22 29 120
gi 1 1 1 1 1 23 3,22,10,12 78
25 1 1 24 12,4 91
2{; 1 1 119 25 4,13 76
26 ! 1 ] ; 26 4,16, 14 139
291 1 1 1 119 27 7,26,17,18 97
301 1 11 28 4 69
29 19, 8,28 61
30 29 55
31 3,22,1,21,23 87
32 3,22,1,2,21 31
33 1,11, 2,21 93
34 7,26,18,5 60

continued



35 28,4 128
36 7,26,17,5 49
37 15 81
38 13, 24 120
39 3,22,1,11,2,10, 23,12 84
40 3,22,21,12 110
41 1, 11,2 31

Job Routing Data for Problem 1 When Using
Production Volume Based Similarity Coefficient

Part Type Routing Volume
1 20,30, 19,29, 8 115
2 10, 23 16
3 20, 30, 19, 29, 9 120
4 14,25 78
5 14 91
6 6, 16 71
7 17, 4 67
8 8, 28,27 82
9 29,8 61
10 22,1,11,21 8
11 2,12 63
12 3,22,23,10,12,21 144
13 29,9 127
14 18, 8 76
15 27,4 75
16 7,26,17, 18 87
17 5,15 31
18 2,14 96
19 12, 13 110
20 12 136
21 20, 30, 19, 9,29 84
22 29 120
23 3,22, 10, 12 78
24 12,4 91
25 4,13 76
26 4,16, 14 139
27 7,26,17,18 97
28 4 69
29 19, 8, 28 61
30 29 55
31 3,22,23, 1,21 87
32 3,22,1,2,21 3
33 1,11,2,21 93
34 7,26, 18,5 60
35 28,4 128
36 7,26,17,5 49
37 15 81
38 13,24 120
39 3,22,23,10,12, 11,2 84
40 3,22,21, 12 110
41 1, 11,2 31

Material Handling Data
To compare two similarity coefficient methods

the following assumptions were made:

+ Each machine occupies one unit of square
including the clearance space. The distance
between two machine stations was measured

from center of two machines rectilinearly.

« The distance between two cells was measured
from the centers of the cells rectilinearly.

+ The move cost was $.70 per unit distance for
intracellular move and was $1.0 for intercellular
move.

The size of a handling unit for each part type
was considered equal to one.

Number of trips between stations and cells are
shown in the following from-to charts.

From-To Charts When Using Jaccard’s Similarity

Coefficient
From-To Chart for Cell #1

To
7 26 17 18 5 15
7 293
26 233 60
From 17 184 49
18 60
5
15 | 31

From-To Chart for Cell #2

To

20 30 19 29 9
7 235
26 403

From 17 283

18 295
5
15

From-To Chart for Cell #3

To
3 22
From 3 530
22
From-To Chart for Celi #4
To
1 11 2 21
| 216 31
11 216
From 2 268
21




10
From 23
12

14
From 25

16

From 24

14
From 25

From-To Chart for Cell #5

To
10 23 12

244 78
228

From-To Chart for Cell #6

To
8 28 27 6 4 16

143
28 128
75 162

T

From-To Chart for Cell #7
To
3 24
120

From-to-Chart for Cell #8
To
14 25

From-To Chart for Cellular Manufacturing System

From

NN BN —

To
2 3 4 5 6 7 8
143 109
120 237
464 78
488
91 110
76 19

From-To Charts When Using Production Volume
Based Similarity Coefficient

7
From 26
17
18
5

22
From 23
10

From 22
23
10
12

1
From 11

2

21

From 29

From-To Char¢ for Cell #1

To
7 26 17 18 5
239
233
184 49
60

From-To Chart for Cell #2

To
20 30 19
235
403

From-To Chart for Cell #3

To
3 22 10 18 12
530
315 78

244 300

From-To Chart for Cell #4

To
1 11 2 21
216 31
216 268

From-To Chart for Cell #5
To
9 29

295




From-To Chart for Cell #6

To
13 12
13 120
From 24
From-To Chart for Cell #7
To
8 28 27 4
8 143 I
From 28 82 128 ‘
27 75
4 |

From-To Chart for Cell #8
To
6 16 14 25 15

6 132
From 16 78

14 81
25 )
15
From-To Chart for Cellular Manufacturing System
To
1 2 3 4 5 6 7 8
1 143 188
2 199 319
From 3 605
4 110 96
5 237
6 76 19
7
Layouts of Facility

The following section gives layouts of the facility
showing the relative location of the cells (Figures A1
and A42). The layouts were generated by a facility
planning software known as MICRO-CRAFT. Input
data are also printed for each layout. The data shown
in each sheet plus the previous assumptions were
used as input to run the program.

PLANT DESIGN
MICRO-CRAFT

LLE
MICRO-SOFTWARE

[ 77777777777777] 55555556666666 | 44444444444444

71777777777777 | 55555556666666 | 44444444444444
T1777777777777 | 55555556666666 | 44444444444444
77777777771777 | 55555556666666 | 44444444444444

TIITILITIILLLY | 12222222222 | 333333333333333333
ILLITII1111100 | 12222222222 | 333333333333333333

IITTTLTITLTILL | 12222222222 333333333333333333
t IITITTIT11111T | 12222222222 | 333333333333333333

[ 11 88383833888888888 |
11| 88888888888888888 |
11| 88888888888888888 |
11| .88888888838388888 |

PLANT LENGTH: 7

PLANT WIDTH: 7

NUMBER OF BAYS: 4

NUMBER OF DEPARTMENTS: 8
DEPT. SEQUENCE:
7-5-6-4-3-2-1-8

DEPT. AREA:

5-3-5-4-2-2-4-5

TOTAL COST: $3,991.964

BASED ON RECTILINEAR DISTANCE

Figure A1
Layout Based on Jaccard’s Similarity Coefficient
PLANT DESIGN
MICRO-CRAFT
LLE

MICRO-SOFTWARE

666666666666666666666 | 5555555555 | 44444444444
666666666666666666666 | 5555555555 | 44444444444
666666666666666660666 | 5555555555 | 44444444444
666666666666666666666 | 5555555555 | 44444444444

1| 8888888 | 22222222222222222 | 7777777 | 3333333 444
1| 8888888 |22222222222222222 | 7777777 | 3333333 444
1| 8888888 | 22222222222222222 | 7777777 | 3333333 444
| | 8888888 |22222222222222222 | 7777777 | 3333333 444
1 | 8888888 | 22222222222222222 | 7777777 ] 3333333 444

TLT111T11811111d
L1ttt
T2
1111101113 111111111
IITI1111111111181111

PLANT LENGTH: 7

PLANT WIDTH: 7

NUMBER OF BAYS: 4

NUMBER OF DEPARTMENTS: 8
DEPT. SEQUENCE:
6-5-4-3-7-2-8-1

DEPT. AREA:

6-5-2-4-3-6-2-2

TOTAL COST: $4,856.964

BASED ON RECTILINEAR DISTANCE

Figure A2 . .
Layout Based on Production Volume Based Similarity Coefficient



References

1. JL. Burbidge, “Production Flow Analysis,” Seminar on the First Steps
to Group Technology (East Kulbride, Glasgow: Birncihill Institute, 1970).

2. IR. King, “Machine-Component Grouping in Production Flow Analysis:
An Approach Using a Rank Ouder Clustering Algorithm,” Iniernational
Jowrnal of Production Research (v18, n2, Mar. 1980), pp213-237.

3. JR. King and V. Nakoranchai, “Machine-Component Group
Formation in Group Technology: Review and Extension,” International
Journal af Production Research (v20, n2, 1982), pp117-133.

4. H.M. Chan and D.A, Milner, “Direct Clustering Algorithm for Group
Formation in Cellular Manufacturing,” Jowrnal of Manufacturing Systents
(v1, nl, 1982), pp65-74.

5. G.PX. Purcheck, “A Mathematical Classification as a Basis for the
Design of Group Technology Production Cells,” Production Engineer (v54,
Jan, 1975), pp35-48.

6. McAuley, Machine Grouping for Efficient Production Engineer, (v52,
Feb. 1972), pp53-57.

7. A.8. Carrie, “Numerical Taxonomy Applied to Group Technology and
Plant Layout,” International Journal of Production Research {April 1973),
pp399-416.

8. R. Rajagopalan and IL. Batra, “Design of Cellular Production

Systems: A Graph Theoretic Approach,” International Journal of

Production Research (vi3, 1975), pp567-579.

9, H. Seifoddini and PM. Wolfe, “Application of the Similarity
Coefficient Method in Group Technology,” ICE Transactions (v18, n3,
Sept, 1986), pp271-277.

10. T. Gupta and H.K. Seifoddini, “Production Data Based Similarity
Coefficient for Machines-Component Grouping Decisions in the Design of
Cellular Manufacturing Systems,” Infernational Journal of Production
Research (v23, n7, 1990), pp1248-1269.

11. M.R, Anderberg, Cluster Analysis for Applications (New York:
Academic Press, 1973).

12. H. Seifoddini, “Incorporation of the Production Volume in Machine
Cells Formation in Group Technology Applications,” Proceedings of the
I1Xth ICPR (Oct. 1987), pp2348-2356.

13. H. Seifoddini and P.M. Wolfe, “Selection of a Threshold Value Based
on Material Handling Cost in Machine-Component Grouping,” [IE
Transactions (v19, n3, Sept. 1987), pp266-270.

14, M.P. Chandrasekharan and R. Rajagopalan, “Groupability: An
Analysis of the Properties of Binary Data Matrices for Group Technology,”
International Journal of Production Research (v27, n6, 1989), ppl035-
1052.

15, C. Surcsh Kumar and M.P. Chandrasekharan, “Grouping Efficacy: A

Quantitative Criterion for Goodness of Block Diagonal Forms of Binary
Matrices in Group Technology,” International Journal of Production
Research (v28, n2, 1990), pp233-243.

16, C.P. Hsu, “Similarity Coefficient Approaches to Machine-Component
Cell Formation in Cellular Manufacturing: A Comparative Study;" M$
Thesis (Milwaukee, WI: University of Wisconsin-Milwaukee, Department
of Industrial and Systems Engineering, 1990).

17. 1A. Tompkins and M.J. Moore, “Computer-Aided Layout; A User’s
Guide,” Publication No. 1 in the Monograph Series (AIIE, Inc., Facilities
Planning and Design Div., 1980).

18. R.R. Sokal and PH.A. Sneath, Principles of Numerical Taxonomy
(San Francisco: Freeman, 1963).

19. JC. Wei and G.M. Kern, “Commonality Analysis: A Linear Cell
Clustering Algorithm for Group Technology,” International Journal of
Production Research (v27, n12, 1989), pp2053-2062.

20. AJ. Vakharia and U, Wemmerlov, “Designing a Cellula
Manufacturing System: A Material Flow Approach Based on Operations
Sequences,” HE Transactions (v22, nl, 1990).

21, JL. Burbidge, “Production Flow Analysis on Computer,” Third
Annual Conference of the Institution of Production Engincers (1973).

22.  G. Srinivasan, T. Narendran, and B. Mahadevan, “An Assignmen
Maodel for the Part-Families Problem in Group Technology,” Internationa,
Journal of Production Reseurch (v28, nl, 1990), pp145-152.

Authors’ Biographies

Hamid Seifoddini received a BSIE from Tehran University o
Technology and an MS and PhD in industrial engineering from Oklabom:
State University. He is an associate professor in the Department o
Industrial and Manufacturing Enginecring at the University of Wisconsin
Milwaukee. He has also taught in the mechanical and industrial engineer
ing department at the University of Utah and at Langston University, Dy
Seifoddini has five years of industrial experience and is a senior member o
IIE and a member of SME. His primary areas of teaching and research an
production (group technology and automation), computer application
(simulation and microprocessors), and quality control and reliability engi
neering.

Manoocher Djassemi received a BSIE from the University o
Technology and Science in Tehran and an MS and PhD from the Universit
of Wisconsin-Milwaukee. He is an assistant professor in the Department o
Industrial Studies at the University of Wisconsin-Platteville. He als
worked as a consulting engineer for Netherland Engincering Consultant
and a production manager for Bell Chemical Corp. His areas of intere:
include CAD/CAM, cellular manufacturing, and computer simulation.





