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A Cellular Formation Problem Algorithm Based on Frequency of Used
Machine for Cellular Manufacturing System

Sang-Un Lee *

Abstract

There has been unknown polynomial time algorithm for cellular formation problem (CFP) that is one of the
NP-hard problem. Therefore metaheuristic method has been applied this problem to obtain approximated solution.
This paper shows the existence of polynomial-time heuristic algorithm in CFP. The proposed
algorithm performs coarse-grained and fine—-grained cell formation process. In coarse-grained cell
formation process, the cell can be formed in accordance with machine frequently used that is the
number of other products use same machine with special product. As a result, the machine can be
assigned to most used cell. In fine-grained process, the product and machine are moved into other
cell that has a improved grouping efficiency. For 35 experimental data, this heuristic algorithm

performs better grouping efficiency for 12 data than best known of meta-heuristic methods.
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Table 1. Grouping Efficiency of Metaheuristic Algorithms

o < y Best (%)
A Source Size Knos
OWIL | 7ODIAC | GRAFICS | MST |GATSP| GP GA EA HGA | SCF-BMCF | GRASP
1 | King & Nakonchai(1982) 57 | 7368 | 7368 | 7368 - B B ~ | 7368 | 7368 | 7368 | 7368
2| Waghoddkar & Sahu(1984) 57 | 6250 | 5652 6087 6250 | 6250 | 6250 | 6250 | 6250
3| Seifoddini(1959) 5xI8 | 7959 | 713 B ~ | 7% | - | 7% | 7950 | 7950 | 7959 | 79.50
1| Kusiak(1992) 6 | 7692 | 7692 - ~ | 7692 | - | 7692 | 7692 | 7692 | 7692 | 7692
5 | Kusigk & Chow(1987) 7l | 5313 | 3013 513 ~ | 468 | - | 5313 | 5313 | 5313 | 5313 | 5313
6| Boctor(1991) 7l | 7037 | 7037 B — | 7037 | - | 7037 | 7037 | 7037 | 7037 | 7037
7| Seifoddini & Wolfe(195) Sx12 | 6829 | 6829 | 6829 - B - ~ | 6829 | 6829 | 6829 | 6829
8 | Chandrasckharan & Rejagopalan(1989) S0 | 8525 | 8525 | 8525 | 8525 | 8525 | 8525 | 8525 | 85.25 | 8525 | 8525 | 8525
9 | Chandrasekharan & Rajagopalan(1989) 8x20 58.72 5833 5813 58.72 | 5833 | 58.72 | 5591 58.72 | 58.72 58.72 58.72
10 | Mosier & Taube(1985) 10x10 | 7059 | 7059 | 7050 | 7050 | 7059 | - | 7059 | 7059 | 7059 | 7059 | 7059
11 | Chan & Milner(192) 10x5 | 9200 | 9200 | 9200 | 9200 | 9200 | - | 9200 | 9200 | 9200 | 9200 | 92.00
12 | Askin & Subramanian(1957) 14xZ3 | 6986 | 6436 643 | 4% | - 6667 | 69.86 | 69.86 | 69.86 | 69.86
13 | Stanfel(1985) 2l | 6933 | 6% %5 ~ | 6141 | - | 6343 | 6933 | 69.33 | 6933 | 69.33
14| McCormick et_al.(1972) 6x21 | 5196 | 3200 52 | 80 | - B ~ | 5196 | 5196 | 5196 | 519
15 | Srinivasan et al(1990) 16x3 | 67.83 | 67.83 | 67.83 | 67.83 6783 | 67.83 | 6783 | 67.83
16| King(1920) 16x3 | 5652 | 5376 5139 | s | 3389 51% | 5% 5160 | 5652
17 | Camie1973) 1521 | 5446 | 4181 B9 | 40 | - - ~ | 5446 | 54.46 | 5446 | 54.46
18 | Mosier & Taubel1985) 00 | 4296 | 2163 386 ~ | 3712 | - | 3416 | 4296 | 4296 | 4296 | 42.96
19 | Kumar et al(19%) Ax23 | 4965 | 3366 936 | 4300 | 4662 | 4900 | 3002 | 4965 | 4965 | 4965 | 4965
N | Camie1973) W | 7614 | 4 B4 | B4 | B8 | - | 6630 | 7614 | 7614 | 7614 | 7614
21 | Boe & Cheng(199D) 2x% | 5815 | 5113 B = | ®m14 | - | 44 | 307 | %06 | 5815 | 5815
2| Chandrasckharan & Rejagopalan(1989) 2x40 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
23| Chandrasckharan & Rajagopalan(1989) %0 | 8511 | 8511 | 8511 | 8511 | 8511 | 8511 | 8511 | 8541 | 8541 | 8511 | 8511
24| Chandrasekharan & Rajagopalan(1989) Uxd0 | 7351 | 7351 | 7351 | 7351 | 7303 | 7351 | 7303 | 7351 | 7351 | 7351 | 7351
% | Chandrasckharan & Rajagopalan(1989) %40 | 5197 | 2042 8327 | 518l | 4937 | - | 3762 | 51.97 | 51.97 | 5197 | 5197
% | Chandrasckharan & Rajagopalan(1959) %40 | 4737 | 1823 U5l | 47 | 467 | - | 34 | 406 | 406 733 | 4137
27| Chandrasckharan & Rajagopalan(199) %0 | 4487 | 1761 467 | 417 | ©50 | - | 3406 | 4487 | 4487 | 4487 | 4487
%8 | McCormick et al.(1972) 77 | 5421 | el a3 | 5.0 | - B ~ | 5427 | 5427 | 5421 | 5427
2 | Camrie1973) %6 | 4606 | 3301 2% | 4000 U6 | 462 531 | 46.06
0 | Kunar & Vannelli(1987) 0l | 5952 | 3346 %43 | %29 | B0 | - | 0% | m8 | - 5952 | 5052
31 | Stanfel(1985) x50 | 5966 | 4606 %532 | 30 | 566l ~ | 88 | 5066 | - 5966 | 50.66
32| Stanfel(1985) 030 | 5051 | 211 7% | 463 | 49 | - | 375 | 5051 | 5051 | 5051 | 5051
3 | King & Nakornchai(1982) %0 | 4593 | 3273 04 | 006 | - B | 261 | o6l 145 | 4593
31 | McCormick et al(1972) 3% | 59.85 | 5221 5221 B B B ERETREE 5001 | 5985
3 | Chandrasekharan & Rajagopalan(1989) 40x100 84.03 8366 BR 8R2 84.03 | 84.03 8390 84.03 | 84.03 84.03 84.03
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Table 3. Frequency Based CFP Algorithm for 15 < 12 CFP

1] 2] 3] 4] 5] 6] 7] 8] 9] 10] 11] 12] 13[ 14] 15] Max
1 0 2[0[2[0[l0[O0[0O[O[1]1]0[O0] 2
2 |0 0| 0| O0JO|O]2]0[]0O[]2]0[0[O0]O] 2
3 [0]0 0[ 3]0 2[0[3[0]0[0[0[0]0] 3
4 [2[0]0 03] 0[0]0[0[0]2]2]0[0] 3
5 [0lo0[3]0 o[ 2[o[3[o0[0[o0[0[0[O[ 3
6 | 2/ 0[0[3]0 0l 0[o0[0]o0[2][2[0][0] 3
7 [0/ 0] 2[0[2]0 0]l 2/ 0/ 0]l 0] 0O]O]O] 2
8 |0/ 2[0[0]0[0]0 0l 0] 2| 0[0[0[0] 2
9 [0/ 0] 3/0[3]0[2]0 0] 0[O0l 0O]0O[]O] 3
0 [o[olo0[o[0[0[0[0[O 0l o0l o[ 2[3] 3
1 [ 0] 2[0/0]0]0J]0O]2[0]O 0l 0 0] O] 2
2 0l 0] 2[0]2[0[0[0]0]O0 110l 0] 2
3 0| 02/ 0] 2[0]0[0J]0O]O]1 0| 0] 2
4 |0l o0lo0[o0[0]0[0]O0[0O[2]0[0[0 3 3
5 |0/0jofOojoO]jJ]O[OJ]O]Of3]0]0O]O0]3 3
f=3[ 1] 2[ 3] 4] 5] 6] 7] 8] 9] 10[ 11] 12[ 13[ 14] 15] Max
3 (0[]0 03] 0] 2] 0[3[0]0[0[0[0]0] 3
4 [2]0[0 0[3[0[0]0[0[0]2]2][0]0] 3
5 [0]lo0[3]0 o[ 2] o[ 3[0[0[0[0[0[0] 3
6 [2/0[0[3][0 0l 0] 0j O]l Of2[2[0] 0] 3
9 [o0[o0[3[0[3[0][2][0 0[0]o0[0]o0[0] 3
0 |0[0OJ0OjlO]OJO]O[O]O 0] 0/ 0] 2] 3] 3
4 | 0[0lo0[o0[0]0[0]O0[0O[2]0[0[0O 3 3
5 |0/0]jofOojo]jJ]O[OJO]Of3]0]0O]O0]3 3
I3 =(3,4,5,6,9,10,14,15)

3=(59),5=(3,9),9=(3,5)= C, = {3,5,9}
4=(6),6=(4)= C, = {4,6}

10=(15), 14=(15), 15 = (10,14)= G; = {10,14,15}
f=2[ 1] 2| 3] 4] 5| 6| 7| 8] 9] 10 11] 12] 13] 14| 15| Max
1 0l 0[2[o[2[0[o0[0l0[0[1[1]0]0[] 2
2 |0 0l o[ o[ 0] o[ 2[0[o0[2[0[0[O0[0] 2
7 [ 0]0] 2] 0]2]0 0| 2/ 0]l 0] 0]O0]lO[O] 2
8 [0 0l 0l o0[o0]0 0l o[ 2[o0[olo0lo0] 2
110 0|l 0/ 0JO]O[2] 0[O 0| 0 0l0O] 2
2 [1]0[o0[2[0[2[0[0[0[0[0 11 0[0] 2
3 [ 1] 0] 0] 2] 0[f2[0]0]0]0]O0O]1 0] 0] 2
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Table 4. The Status of Cell Allocation for Proposed Algorithm
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c |PEILOZLEB [P 1023 |P 8B P: 243940414243 P 220 P 202425 P BABL P 1558
o M 416 M: 511 M: 414 M 11121314 M: 10 M 1517 M: 101229 M 2)
. |P 21230 P 1125 P: 39,1933 P 445 P ® P 293133 P: 31,3539 P 903L%
7|\ 6310 M 14 M: 121 M: 141617 M: 1324 M 192123 M: 61621232630 | M: 230
PRCEEEE P 116 Pr 13143640 P 34353 P 45,18 P 30244608 |P 56712562129 | P 42338485274
s M7 M 31523 M 21923 M5 M 1425 M 2430 M 1820 M: 4
. |P 60 P 7171930 |P 717931 P B P 7 BABRD P 4347 P 1041840 |P 802
9 M9 M 117 M 17 M: 223262728 M 4 M %628 M 1528 M: 513
o P 2B0B > 02 P 626 P 922282627 |P 1723243 | P 14324155766
1 M 63 M: 10 M: 6,16 M 1416 M: 4 M: 29
o P 13143640 | 3739 P 1737 P 2B30323435,36.37|P 8921364149 |P: 18
il M 2719 M 16 M 15 M 1802 M 19,1 M 269,1023
c P 2024 P19 P: 041454950 P 0455
12 M: 10 M 27 M: 252729 M8
- P 62939 P %
13 M 9 m: 12,15
P %
Cu M 18
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34 35
24
37x53 40x100
C [P 26272829303132,333435,36 3738394046 495053 P 63,66,68,69,82,84,85,89,90,92,9495,96,97,98,99,100
T IM: 1,3479,1022.24,27,28.30,32 M: 5822,2337,39
[P 12345678910111213141516.1718192021,22.2324 2541 4243 4474851 P: 36,3842,51,52,64,65,70,72,74,75,76,80,81,86,87
2| M: 811,13,14,15,17,1819.20.21,2326,31,3335 M: 612263340
o [P P: 394567,71,7391
3 |M: 256,12,1625,20,34,36,37 M: 151833,34,36
C P: 3547537778 19,83,8893
4 M: 2,10,1621,31
C P: 10,1829,33,34,37,41,444950,5455
5 M: 137,32
C. P: 565758596162
6 M: 19252830
c P: 811,131420,22,2332
7 M: 492024
C P: 9,12,17,1926,30,31,40,43 46
8 M: 24,2729
C P: 6,15,1624.27,60
9 M: 141735
c P: 12345,721,252848
10 M: 11,13

Table 5. Comparison of Grouping Efficiency

Be vel frEje gags e 7k dae)s

A Source Size |25t EAIL GRASP2

] Koo | T o g [ o | [N [N
1 | King & Nakornchai(1932) 5x7 | 73.68 | 7363 73.68 | 73.68 | 7368 73.68 | 73.68 2 16 3 2 | 73.68
2 | Waghodekar & Sahu(1984) 5x7 | 6250 62.50 6250 | 6250 | 6250 62.50 62.50 2 20| 5 3 | 68.00
3 | Seifoddini(1939) 5x18 | 79.59 | 7959 | 79.59 | 79.59 | 7959 | 79.59 | 79.59 2 46| 3 7 | 79.59
4 | Kusiak(1992) 6x3 | 7692 | 7692 | 76.92 | 76.92 | 7692 | 76.92 | 76.92 2 21 4 2 | 76.92
5 | Kusiak & Chow(1987) 7x11 | 5313 53.13 5313 | 5313 5313 53.13 53.13 4 23 5 7 | 57.14
6 | Boctor(1991) 7x11 | 70.37 70.37 70.37 | 70.37 | 7037 70.37 | 70.37 3 21 6 2 | 70.37
7 | Seifoddini & Wolfe(1936) 8x12 | 68.29 | 6329 |68.29 | 6829 | 6329 | 68.29 | 68.29 3 H| 6 7 | 68.29
8 | Chandrasekharan & Rajagopalan(1939) 8x20 | 86.25 | 825 |85.25 (8525 | 3,25 | 85.25 | 85.25 3 61 0 9 | 85.25
9 | Chandrasekharan & Rajagopalan(1939) 8x20 | 58.72 | 5872 58.72 | 58.72 | 372 58.72 | 58.72 2 91| 18 27 | 58.72
10 | Mosier & Taube(1985) 10x10| 70.59 | 7059 | 7059 | 7059 | 7059 | 70.59 | 70.59 3 241 10 0 | 70.59
11 | Chan & Milner(1932) 10x15( 9200 | 9200 |92.00 | 92.00 | 92.00 92.00 | 92.00 3 46 4 0 |92.00
12 | Askin & Subramanian(1937) 14x23 | 69.86 | 69.86 |69.86 | 69.86 | 69.86 | 69.86 | 69.86 5 581 15 7 | 69.86
13 | Stanfel(1985) 14x24 1 69.33 | 6933 [69.33 | 69.33 | 69.33 | 69.33 | 69.33 5 61| 14 9 |69.33
14 | McCormick et al.(1972) 16x24 | 51.96 | 519 |[51.96 | 51.96 | 5140 | 51.90 | 51.96 6 36| 16 33 | 51.96
15 | Srinivasan et al.(1990) 16x30 | 67.83 | 67.83 67.83 | 67.83 | 67.33 67.83 | 67.83 4 116 | 27 19 | 67.83
16 | King(1930) 16x43 | 56.52 54.86 A8 | A 5583 55.97 56.52 6 16| H 35 | 56.52
17 | Carrie(1973) 18x24| 5446 54.46 5446 | 5446 | 5446 54.46 54.46 7 81 19 27 | 57.01
18 | Mosier & Taube(1985) 20x20 | 42.96 | 42.86 429 | 4296 | 4257 282 | 42.96 5 11| 24 53 | 42.96
19 | Kumar et al.(1986) 20x23| 49.65 49.65 4965 | 4965 49.65 49.65 49.65 5 113 | 29 42 | 50.00
20 | Carrie(1973) 20x35| 76.14 76.14 7614 | 7614 76.14 76.14 76.14 5 135 30 7 | 71.58
21 | Boe & Cheng(1991) 20x35| 5815 57.34 5784 | 57.84 | 5815 5815 5815 5 148 | 44 34 | 59.38
22 | Chandrasekharan & Rajagopalan(1939) 24x40 [{100.00| 100.00 |100.00(100.00( 100.00 | 100.00 | 100.00 7 131 0 0 [100.00
23 | Chandrasekharan & Rajagopalan(1939) 24x40| 85.11 | &.11 |85.11 (8511 | &11 | 8511 | 85.11 7 |130] 11 10 | 85.11
24 | Chandrasekharan & Rajagopalan(1939) 24x40| 7351 | 7351 | 7351 | 7351 | 7351 | 7351 | 7351 7 |131] 20 20 | 73.51
25 | Chandrasekharan & Rajagopalan(1989) [24x40| 5197 51.85 51.83 | 5197 | 5188 51.90 51.97 9 |131] 26 48 | 52.87
26 | Chandrasekharan & Rajagopalan(1989) [24x40| 47.37 4578 4669 | 4706 | 4737 4713 4729 13 131 10 64 | 47.52
27 | Chandrasekharan & Rajagopalan(1989) [24x40| 4487 4451 4475 | 4487 | 4487 4487 4487 11 131 24 61 | 45.16
28 | McCormick et al.(1972) 21x27| 54.27 | 5427 | 54.27 | 54.27 | 5216 53.51 54.27 4 219 ™ 60 | 54.27
29 | Carrie(1973) 283x46 | 46.06 | 44.10 44.37 | 4462 45.27 4553 46.06 9 21| 43 A | 46.06
30 | Kumar & Vannelli(1987) 30x41| 5952 57.30 5811 | 5848 53.06 59.00 59.52 12 128 | 28 33 | 60.90
31 | Stanfel(1985) 30x50 | 59.66 | 5332 59.21 | 59.66 | 5966 | 59.66 | 59.66 12 154 | 22 49 | 59.66
32 | Stanfel(1985) 30x50 | 50.51 | 5025 5048 | 50.51 | 5051 50.51 | 50.51 11 167 | 31 67 | 50.51
33 | King & Nakornchai(1982) 36x90| 4593 41.48 4212 | 4264 44.27 45.09 45.93 14 301 | 60 | 132 | 46.81
34 | McCormick et al.(1972) 37x53| 59.85 56.42 5642 | 5642 59.85 59.85 59.85 3 976 | 90 | 334 [60.23
35 | Chandrasekharan & Rajagopalan(1939) 40x100| 84.03 | 3403 | 84.03 | 84.03 | 3403 | 84.03 | 84.03 10 [ 420| 37 36 | 84.03

FollA 1270 "lolejel &4 2, 5, 17, 19, 20, 21, 25, 26, 27, 30, = 7P £ dugSolEa & 4 9tk

333 349 etz Agkel Shelo] 71 el A4 o 1 ¥ 25 CPP NP-vhAI2 vekfelcos] e ek gt
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of vEFfrel ) PSS YT A0E Aok B AP EE ok ok

’go] 71 =& HA9 QS Al olald = A 3] sl &
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Kknowny= x]g-y]_;q o] A HolgSe] Ylg] Ao - FHAS = . onclusions
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