AHAER EMAGWAF RIM, W8%, 1%, pp.105~111, 1997 6

Cheju National Univ. RI1IL.T. Jour., Vol.8, No.1, pp.105~111, 1997. 6

Evolutionary Programming for Designing

Independent Cells

Chi-Ung Moon®*, Jang-Hyung Kim** and Yu-Kyung Lee***

=94 AAE 9% ARz

23 807 %Yo A

ABSTRACT

In this paper, an evolutionary programming approach is proposed for the designing

independent cells in cellular manufacturing with alternative process plans and machine

duplication consideration. Several manufacturing parameters such as production volume,

machine capacity, processing time, number of cells and cell size are considered in the

process. The model is formulated as a 0-1 integer programming and solved using

genetic algorithm. It determines the machine cells, part families and process plan for

each part simultaneously.
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I . INTRODUCTION

In recent years, the application of
group technology(GT) has become a
design of

Cellular
manufacturing(CM) is an application

starting point for the

manufact.uring systems.
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of GT concept to organize cells which
contain a set of machines to process a
part family. The advantages derived
from CM include reduced number of
setups and material handling costs,
decreased work-in-process inventories,

utilization, and
(12

improved space
simplified planning and scheduling

The procedure of grouping the
machines and parts to form cells in CM
is called manufacturing cell design. The
manufacturing cell design is an
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important step in the development and
implementation of CM systems. For the
successful implementation of CM®®,
identification of independent manufacturing
cells, 1i.e., cells where parts are
completely processed in the cell and no
intercell movements, is necessary in the
design phase of CM .

The formation of independent cells is
a common goal for cell design.

Generally, the design of independent
manufacturing cells may not be possible
without duplication of bottleneck machines,
but at the same time, the duplication
requires additional capital investment.
Although the design of independent
manufacturing cells requires additional
investment, the more simplified of

production planning and scheduling
functions might provide enough savings
to justify them. And if we allow that a
part has two or more process plans and
each operation associated with a part can
be processed on alternative machines, it
may be possible to design of independent
cells without much additional investment.
Also, Consideration of alternative process
plans may greatly enhance the efficiency
of grouping'®.

Over the past decade, many models
have been developed to solve the
manufacturing cell design problem, but
only a few models have been reported to
design the manufacturing cells considering
issues. Kusiak'?,

Gunasingh and Lashkari(S), Rajamani(m,

above mentioned

and Sankaran and Kasilingam(s’ have
discussed the necessity for considering
the alternative process plans in
designing manufacturing cells. But,
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these models do not simultaneously form
the machine cells and part families, or
have limitations in the number of
machines and parts they can handle.
And, no model is found to form the
independent manufacturing cells.

In this research, we develop a model
to solve the problem of independent
cells design considering the alternative
process plans and machines duplication.
Several manufacturing parameters such
as production volume, machine capacity.
processing time. number of cells and cell
size are considered in the process. The
model is formulated as a 0-1 integer
programming model and an approach
using evolutionary programming is
developed to solve the model.

II. PROBLEM STATEMENT

In this
programming model is developed to

section, a 0-1 integer
decide the process plan for each part
and to form the manufacturing cells. It
incorporates the process plans and other
manufacturing factors mentioned in the
previous section. The model determines
the process plan for parts, part families
and machine cells simultaneously. in order
to present a 0-1 integer programming
model of cell design problem, the
assumption as given as follows:

(1) alternate process plans for each part
are known.

(2) number of cells for configuration
and upper limits on number of parts in
each cell are known.

(3) only one same machine type within
each cell exist.
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and, in developing the model, the
following notation is defined:

: . part index (:1=1,2, -, np)

7 © process plan index (7 = 1.2, -+, npp,)

k4 © machine index (k£ = 1.2, -+, nm)

¢ cell index (¢ = 1.2, -, nc)

P, : process plan ; in part 1
ms, @ a set of machines for part 1
when the process plan ; is selected
pm;, © cardinality of ms,. pmy= n(ms;)
pci ¢ processing cost of machine & for

part 1 under process plan 7

mc, : cost of machine type &
U, : upper limit on the number of

parts in cell ¢
um; . number of copies of machine type &

cam; ' capacity of machine type &
pv, : production volumes for part 1

plan j belongs to cell ¢

{l if part 1 produced under process
X ik =
0 otherwise

1 if machine type k belongs to cell c

Ya= {0 otherwise

The objective of the model is to
minimize the sum of the processing
costs and the duplication costs. The
overall model is formulated as follows:

minimize TC= ZIZZ:;WLPCWC e
+Egmeon

subject to
22w = 1, Vi (1)

X< U, Ve (2)

2gwmﬁwﬁcs cam, Y (k, ¢ (3)

2 Ve 2 g, V(g (4)

i Yo €{0, 1}, VG, j ko (5)

The constraint (1) ensures that only
one process plan is selected for each
part, and that a part belongs to only
one cell. The constraint (2) imposes the
restriction on the maximum number of
parts in a cell in order to have easy
planning and control. The constraint (3)
implies that total processing time for all
parts using a machine type less than or
equal to one’s capacity. The constraint
(4) represents that all machines needed
for the produce of a part under a
selected process plan ought to be
assigned to the same cell. The
Constraint (5) indicates the integer
variables.

. GENETIC ALGORITHM

The above described model has a few

critical limitations. Because the
variables are constrained to integer
values, the model is difficult to solve for
large number of parts and machines due
to the computational complexity. Also,

this model does not offer cell designers

the flexibility to change objective
functions and constraints.
In this section, an evolutionary

programming approach using genetic
algorithms is developed to overcome
these limitations, and to solve the
simultaneous process plans selection and
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independent manufacturing cell design
problem.

3.1 Representation

Representation is the first step in
applying GA to cell design problem. It is
a key issue in GA because the
representation links the real-world
problem to GA and because GA directly
manipulates the represented chromosomes
as the problem. The chromosomes might
be bit strings. real number, permutation
of elements or many others”. In the
machine cell design problem considered
in this research, each gene represents a
process plan number and cell number
for each part. The length of the
chromosome represents the number of
parts considered in the problem. Let the
number of parts is »p, a chromosome
can be represented as follows:

S=(g & & .. & ' &ml

where, S, is the 1-th chromosome and
g: is the A-th gene.
In this chromosome, let the number of

process plans for each part is =zpp, and
upper limit on number of cells is wc,
the range of g, value is (1, npp;- uc).
If ais a g from S, the process plan

number for the part 1 and the cell
number can be calculated by the
following equations:

j—= d-D\en + 1
c — (d—1 mod en + 1 (6)

By the equation (6), the S, can be
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represented as follows:
SSi= [ (fl , C[), (1'2' Cz). T, (jk' Ck).

Tt (jnpv Cnp)]

For instance, let mp= 5, app=2,

npp, =3, npps =2, nppy=1, npps=2
and w#c=3., we have the following

chromosome:

By the equation (6), it is calculated
that the process plan number and cell
number for each part. The result values
of above chromosome are shown as
follows:

SS =[(2,1) (1,2) (2,3) (1,1) (2,2)]

3.2 Initialization

The second step in GA is to initialize
the population of chromosomes. This
process can be executed with either a
randomly generated population or a well
adapted population. In this model, the
chromosome is generated randomly.

3.3 Evaluation Function

In many optimization problems, the
objective function 1is more naturally
stated as the minimization of some cost
function. In this research, the objective
function for the cell design model was
formulated in order to minimize the sum
of the processing costs and duplication
costs. The fitness value is calculated
based on the original objective function
defined as equation TC in the section 2.
However, solution space for the
selection of the process plan number

and cell number in the cell design
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problem contain two parts: feasible area
and infeasible area. For handling
infeasible chromosome, we wuse the

regenerating technique(s’.

3.4 Crossover

Crossover is aimed at exchanging bit
strings between two parent chromosomes.
The crossover used this model is one
cut-point method. For example, the
parent chromosomes as follows and the
cut point is randomly selected at
position 2. The crossover operation is
shown as follows:

cut point
i)
parvent 1 = [ 7 ]
parent 2 = [ 2 5 )
(!
offspring 1=( 5 2 5 ]
offspring 2=( 3 7 1 6 )
3.5 Mutation

Mutation is performed as random
perturbation. Each value with the
chromosome which is randomly selected
to be
probability equal to the mutation rate.

mutated is changed with
In this cell design model, mutation is
designed to perform random exchange,
i.e. selects each gene randomly in a
pair of chromosomes and their genes are
exchanged to create two offspring. An
example is given as follows:

selected gene

l
parent 1 = ( 2 2 5 )
parent2 = [ 3 7 1 6 )
J

offspringl=( 5 2 7 2 5 )

offspring2=( 3 7 2 1 6 )

3.6 Selection

Deterministic  selction strategy is
adopted as the selection strategy. i.e.
sort of parents and offspring on
ascending order and select the first
pop_size chromosomes as the new

population.

IV. NUMERICAL EXAMPLE

In order to demonstrate the efficiency
of the proposed approach. we considered
in a manufacturing system with 10
machines, 7 parts, 3 number of cells,
and 200 duplication costs for each
machine. And the maximum number of
parts in each cell is restricted to five.
The set of process plans, production
volumes for each part, process cost per
unit and machine capacity are given in
Table 1.

The genetic parameters for example
problem were set as follows: crossover

rate, p.= 0.6. mutation rate, p,=0.2:

maximum  generation, max _ gen=1000:

population size, pop_size=100.

For this setting. we run genetic
algorithm 5 times and the results are
listed in Table 2.

Also, we solved the 0-1
programming model by branch and

integer

bound technique. The optimal solution
over 5 runs is 8120 and the average
processing time is 340 seconds.

For the evaluate the effectiveness of
the genetic algorithm based approach, 2
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Table 1 Data of machines-parts pocessing

M
part |5 1 {2 | 3| 4| 5|67 )|8][9]10 v,
1 1 2 3 2 80
1 2 3 1
2 2 4 5 4 7 80
3 6 5 7 5
3 1 6 5 6 80
2 3 3
1 4 5 7
4 2 4 7 6 80
3 3 4 3
5 1 4 2 5 2 80
6 1 5 6 4 8 80
2 2 4 2 4
7 1 5 7 3 80
cam; 2500 | 2300 | 2000 | 2200 | 2000 | 2500 | 2500 | 2000 | 2000 | 2000
Table 2 Optimal solution
Solution Cell no. pf:cr;(sr;ob'g;) Mtil(;:)gl:e Fitness value Averag;:r?:)essmg
1 1(1) 5(1) 7Q1) 134910
. 2 2(1) 3(2) 4(3) 57910
Alternative 1 3 6(2) 1269
1 3(2) 57
2 2(1) 4(3)6(2) | 1256910 8120 241
Alternative 2
3 1(1) 5(1) 7(1) 134910

Table 3 Comparision of results

size AST AST of branch | Optimal
(m X p)|of GA (s)| and bound (s) value
10 X 10 293 440 10720
10 X 15 362 549 13780
AST: average searching time

different size problems are adopted. The
test results are shown in Table 3. Here,
the genetic algorithm based approach is
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able to find a optimal solution within a
satisfactory execution time.

V. CONCLUSION

The problem of independent cells
design considering alternative process
plans and machines duplications is

studied. The problem is formulated as a

0-1 integer programming model, and a

genetic algorithm-based approach is
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developed to solve the problem. The
model identifies part families and
machine cells simultaneously, and it
also specifies the process plan for each
part.

From the result of examples the
proposed approach using genetic
algorithm is more effective than existing
method in terms of searching efficiency

and problem size.

Vi, 9

2 EEJdME =SP49 4AE e 0-1
Integer Programming =9e°| sHds At
2de oitHd FAAYH FEHA, FZA
%, 23 IS EY TS WYLAHY BYE
sl &8 nde dAHAYL. 2L 9
2do HEL A KRG Fo) 7N2E A
33 HA Y-S AMAEHATT. o WY& &Y
whiol widle] ME Aol HAHE F3A
on iR BA ddld AEHoZ A&
7Veetdoh.
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