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Cell Formation Using Fuzzy Multiobjective Nonlinear
Mixed-integer Programming
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Abstract

Cell formation(CF) is to group parts with similar geometry, function, material and
process into part families, and the corresponding machines into machine cells. Cell
formation solutions often contain exceptional elements(EEs). Also, the following objective
functions -~ minimizing the total costs of dealing with exceptional elements and maximizing
total similarity coefficients between parts - have been used in CF modeling. Thus,
multiobjective programming approach can be developed to model cell formation problems
with two conflicting objective functions. This paper presents an effective cell formation
method with fuzzy multiobjective nonlinear mixed-integer programming simultaneously to
form machine cells and to minimize the cost of eliminating EEs.
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Table 1. Numerical values for data set

Parts
1 2 3 4 5 6 7 8 9 10| A | C
1] 295 2.2 4.61 5078412000
Mol 276 5181 1.89 | 3.89 5.14 67053 | 2000
ai3{554]429 - 43944 | 2000
c 4] 291 197 | 259 | 4.01 2.7 67345 | 2000
h L5 4.28 451 424142000
S 161 1.92 2.23 552 75225 | 2000
Y7 34 1.16 | 472 2.49 15274112000
n|8 5.32 ' 3.75 | 385 63523 | 2000
e L9 4.04 1.83 |50632 | 2000
¢ 15] 420|430 | 350 | 440 | 5.00 | 3.90 | 4.40 | 4.60 | 5.00 | 5.00
D {32128(27598{20651|11340{18707|17040{ 4619645384 [ 16409 22000
1[370 1280|280 {3.30]280]350] 280260340320
FAE FA337)0 GM BE BERY BAZ EAHNE FEE FAANAFE AATO
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A3 Ald== Table 29 #t},
Table 2. Similarity coefficient of data set

Pairs of |Similarity | Pairs of | Similarity | Pairs of | Similarity |Pairs of| Similarity |Pairs of] Similarity
parts |coefficient| parts |coefficient| parts |coefficient| parts [coefficient| parts |[coefficient
12 0.00 24 -0.33 37 -1.00 56 -0.20 79 -0.20
13 0.14 25 -1.00 38 -1.00 57 -0.20 710 0.33
14 0.00 26 -0.33 39 -1.00 58 0.60 89 -0.20
15 -0.43 27 ~1.00 310 -0.20 59 -1.00 810 -0.33
16 0.00 28 -0.33 45 -0.20 50 -0.20 910 -1.00
17 -0.50 29 -0.20 46 1.00 67 -1.00 ‘ '

18 -0.50 210 -1.00 47 -1.00 68 -0.33
19 -0.43 34 -0.2 48 -0.33 69 -1.00
110 -0.50 35 -1.00 49 -1.00 610 ~1.00
23 -0.20 36 -0.2 410 -1.00 78 -0.33
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Table 3. The membership function of objective function, similarity coefficient function
and constraint in data set I

membership
func. type evaluate value
function
cost exponential (', £95, %) = (228676, 300000, 428676)
T
smrany exponential (f* 95 1Y = (—5.46, — 2, 0.21)
coefficient
left right left right
constraint - X T s R
linear | linear | (f-,f)=(2, 4) | (f°,f)=(4, 6)
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Table 4. Computational results for fuzzy multiobjective nonlinear mixed-integer

(18)

(19)

(20)

programming
Data Set : Problem size=9% 10, c= 3, NM= 4, P.=200000, P=5.67, P=2, Z\=-546, Z°-021
total
{number of intercell No.{ of
operator |machines/parts machines movement(I) and| pivot | of |dealing rgecasn
needed}” subcontract(S)” EE | with
EE($)
1,2,3,45 1(2),2(4 2
T T
average 6789 6(2)7(4)8(2).9(2) S:2[37941 741595 | 5 1325781| -1.33
/5,7,8,9,10} ;1{11.4[1]
o w—
. INM=4[ T RN 164 1979681 9 [441219] o.
tradi- NM=4 {4,7,8/5,8} 4(2),7(3),8(2) 8'353794(1)?] 007
{69/7910)  l6(9;10117011 |7
tional {234,578 2(4),3(3),4(3),5(2),
1:1[6298),9{3077
NM-=61/1,2,3,45,6,8,9} [7(3),8(4);1[1]16[1] S'1[[553]]9[[2768]] 10628 | 6 [228676] -2.73
{1.69/7.10) 10),6(1),92)701] |7 ’

“i(no):no.of machines which are needed for machine type I;

duplicated
"m(no):Units of part type m receive treatment of subcontract(S) or intercell movement(l)

ilnol:

no.

of machine type
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