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A Genetic Algorithm Approach for the Tool Portfolio Planning

Student : Huang, [-Chun Advisors - Dr. Lee, Hsiang Yi

Department of Information Management
The M.ILM. Program
Nan-Hua University

ABSTRACT

The object of this study is to develop a revised hybrid genetic algorithm
for the semiconductor tool portfolio allocation problem. Due to the
complicated processes in the semiconductor industry, it is not easy to check
and allocate the required tool capacity to each related processes. This may
result in failure of capacity check and inefficient allocation of tool capacity.
However, as the tool capacity ceiling varies as the tool is used in single
process or been used across processes, this problem requires a complex mixed
integers programming to solve it. So it is wonder if a hybrid GA along with
LP method could be used in the problem and this study proposed a revised
GA (Seeded GA) to gain the better solution. And a seed chromosome was
proposed in this study. The gene in this GA method represents the status
whether a tool is used in a certain process. And the seed chromosome is
derived from the optimal solution by performing linear programming to the
simplified tool portfolio allocation problem. The simplified problem was
designed as tool capacity is fixed as 0.9, which is 90% of the full capacity.
The seed chromosome was arranged in the first parent pool. The fitness value

1s determined by the linear programming of the problem formed by the

IX



chromosome. It is hoped that the seed could lead the evolution process to find
some better solution. Two variations were designed: the seed was arranged in
the first population pool only or stays in each iteration chromosome pool.
Five MPS were used in the experiment and the results showed that Seeded
GA could find better solution in very few iteration. However, there is no much

difference among these two variations.

Key words: tool portfolio allocation, Genetic algorithm, linear programming,

static capacity planning
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6 101110 17,172
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BRHROBEFEMEFTHROTRERR, 52 R EATEFT R

TR T S REFUE NS S SFERP AT R

AT AR AR T Y L3e A R R(NB) TR L o A e R e

% 4-1 % 7 o
* 4-1 FERRE AT

#® 4 . %3
w4 as Microsoft Windows XP
' -/EF“ /14\ WU .
Professional
CPU Intel Core2 1.66 GHz
RAM DDR2 400 3GB
2L S LA Matlab R2007a
2NFE D Matlab
. s b . S ¥ ~ &2
TRF A FRFHRES Microsoft Office Excel 2003 wy é% N
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Fo& FRFE
A=t P TR R L EHA
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2 Y v . -, o> A N o v N &,
PN B AR DRSNS H DIV Lok H AL AP
FHRFANSET LW~ I Excel #h% ¢ o @ T REA DI T
Product Q1 Qz Q14 T oo
nf B TF .
Process EQ Eff MPS 19 61 8409 2‘1;3’ @:ngg) Util. (%)
Iax. MPS 19 121 3409 (26%)
R Tt ————— . —_————— I T 7Y AR
WaE | | 0.an 31598.748
BiE— sl W 7 5 0 5%
#wao | o 0.10 0.000
#War | 0 025 0.000
HWaa | 1 0.54 24636.312
WaE | | 0.an 31598.748
BiE— sl W 0 5 3 3%
#wao | o 0.00 0.000
#ar | ! 0.0s 34276608
HWaa | 1 0.00 24636.312
1%#*13 I 0.oo 0.000
giEA | [ ! f 2 a01%
oo | 1 0.80 38025.612
#war | ! 060 34276608
B 4-1 Fof P %8k
FHRAOMPS £ F 1 0 dod 42 #07F o
# 42 R k2 A &B T K(MPS)
Ql| Q2 Q3 Q4 Qs Q6 Q7 08 Q9 | Qlo | Q11 | Q12 | QI3 | Ql4
= 19 61 1155 1079 1137 3000 4240 3918 3900 | 10071 265 16245 | B500 8409
FEEH| 19 61 1155 1073 1137 | 6000 | 4240 3918 3800 | 10071 265 16245 | 8500 2403
E=H | 6% 61 1155 1073 1137 | 3000 | 4240 3918 3800 | 10071 265 16245 | 8500 2403
SEPUEH | 19 121 1155 1079 1137 | 3000 | 4240 3918 3900 | 10071 265 16245 | 8300 8409
EREH | 19 600 1155 1079 1137 3000 4240 3918 3900 | 10071 265 16245 | B500 8409
S 3 4 2 e
Z g SR T
AP KA ‘3;}&* k- N /i‘—,? 55?? f—-mkﬁ';:’ ér]/ﬁ-rr/z— mﬁiﬁ'{
4o L A7 4R B8 X 0] (pop ) ~ = fir 5 (crossover ) ~ R % I ( mutation ) o ¥ ¢t
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AL HBTEY > TAYFB AN T A AN g AL

fe e 4 ’Eg'?fé—i- iEkm ERIFEZEFE m#@ﬁ];{ L B %g

T

Hem A A b AR LE o

>§_

AT G R R B2 0 R AN S ehAd A LIRS o AP
WA R PR 092 08 LR TH AR AAS AL WP S E L
PR LA AT R B B B 2EE S TN AL > T
NI e MPS 2 fes 5 0.9 REF G 0.1 23417 100 =t i i f >
AP B TAEME AR > B EE 2 AS A S AN U TR R

4 A

\F’\ﬂ

$1F 43 5 BIEE o A dn R d M 2 082 09 s L A H R
Tk A S A w G 82380 83368 A E MFIIY - L MPS &
WoAw UL 09  FREDAEATANE  FPAPLTFHR AP

v

AT PR 090

343 %- B MPS Z 67 22 %%

oA _
g Max | Min |Range | Mean | S.D.

A he R d WA 2 0.8 82,389 | 81,173 | 1,216 | 82,006 | 518.0
FHL MBS ' 82,389 | 81,791 598 | 82,205 | 241.7
A de g d KA E 0.9 83,368 | 82,743 625 | 83,123 | 290.6
FHRAI MBS 2 ' 83,970 | 83,308 662 | 83,542 | 260.5
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%44 %8 MPS=f> 22 %%
W5 A _
g Max | Min | Range | Mean | S.D.
hed 4 WS 2 0.8 83,151 | 81,791 | 1,360 | 82,466 | 637.7
FHAHE 2 ' 83,057 | 82,087 970 | 82,497 | 351.4
AR d MBS 2 0.9 84,064 | 83,366 | 698 | 83,708 | 316.9
FHRAI MBS 2 ' 83,909 | 83,223 686 | 83,587 | 244.2
%45 =2 MPS=H> 22 %%
Beo A
1 osg Max | Min |Range| Mean | S.D.
A de A d KA 2 0.8 82,699 | 81,673 | 1,026 | 82,155|393.1
FHE G2 ' 82,960 | 81,781 | 1,179 | 82,340 | 418.6
A de A d KA 2 0.9 83,313 | 83,109 | 204 | 83,219 | 108.1
FHRAI W2 ' 83,874 | 83,313 561 | 83,680 | 224.6
#4-6 322 MPS= 322 %%
oA
g Max | Min |Range| Mean | S.D.
A he A d KA 2 0.8 82,515 | 81,426 | 1,089 | 81,940 | 396.3
FHE M2 ' 82,521 | 81,701 820 | 82,261 | 322.6
A de A d KA 2 0.9 83,938 | 83,169 | 769 | 83,441 | 292.0
FH L MBS ' 83,995 | 83,166 829 | 83,577 373.0
%47 %7 2MPS= 322 5%
TEF ¥ _
g Max | Min | Range | Mean | S.D.
A de R d WA 2 0.8 82,384 | 80,883 | 1,501 | 81,635 | 566.8
FHEL MBS 2 ' 82,645 | 81,545 | 1,100 | 81,999 | 474.2
A AR d WA 2 0.9 84,400 | 83,399 | 1,001 | 83,749 | 384.3
FHL MBS 2 ' 83,839 | 83,076 | 763 | 83,330 | 315.3
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BT RAFTEEATNTE I HER SEKTFEH O FH7 b pe
FoRRI RN W E LN
AR PAE R e R hI i (T R A B S 0 A5 0.9

06 > Ftr P AFpFH=fE> 22 R TALEF -

% 4-8 % - E2MPS= 322 %%

Crossover | Max | Min | Range | Mean | S.D.
LR P e 81,810 | 79,746 | 2,064 | 80,967 | 758.1
e g d WAES 2 0.9 82,755 [ 82,345 | 410 | 82,508 | 220.7
B4 mps 83,568 [ 83,007 | 561 | 83,198 | 256.0
LR S b e 82,610 | 80,006 | 2,604 | 81,442 | 1,021
e d WS 0.6 83,187 | 82,345| 84282,801 |379.9
¥4 wms 84,113 | 82,885 | 1,228 | 83,468 | 441.5

%49 5 -2 MPS=f63 22 %%

Crossover | Max Min | Range | Mean | S.D.
BRAFFE 2 82,227 | 81,078 | 1,149 | 81,501 | 432.9
e d AT 2 0.9 83,927 | 82,345 | 1,582 (82,914 | 607.2
S A E R 83,906 | 82,647 | 1,259 | 83,109 | 526.3
BRAFFE 2 82,026 | 80,064 | 1,962 | 81,307 | 794.9
e d AT 2 0.6 83,366 | 82,445 | 921 | 82,787 | 373.2
Eel AR P R 83,266 | 82,719 | 547 | 82,968 | 260.5
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% 4-10 x=2MPS= > 22 %%

Crossover | Max | Min | Range | Mean | S.D.
BAATFRE 2 82,098 | 80,613 | 1,485 | 81,271 | 620.8
A he R REFAS E 0.9 83,344 | 82,292 | 1,052 | 82,708 | 439.9
FHA A2 83,874 | 82,719 | 1,155 | 83,294 | 499.8
BAATFHE 2 83,663 | 81,119 | 2,544 | 81,843 | 1,032
A e R 4 RS 0.6 83,313 82,292 | 1021 | 82,551 | 442.1
FH L MBI 2 83,493 | 82,594 899 | 82,961 | 410.8

% 4-11 $w e MPS = f6= % 2. % %

Crossover | Max | Min | Range | Mean | S.D.
[P N P RS 81,834 | 79,612 | 2,222 /80,989 [917.9
e S d RS 2 0.9 83,334 | 82,313 | 1,021 82,772 | 366.9
Sk AR PR 83,535 | 82,456 | 1,079 | 83,107 | 437.1
BRAFFE 2 81,518 | 80,600 918 | 81,196 | 360
A e S d RS 2 0.6 83,334 | 82,313 | 1,021 | 82,800 | 493.0
EE AR F R 83,334 | 82,471 863 | 82,993 | 362.2

%4-12 %3 2 MPS = f6= 4 2 % %

Crossover | Max | Min | Range | Mean | S.D.
BRAFFE 2 82,509 | 80,413 | 2,096 | 81,411 | 1010
e AT 2 0.9 83,638 | 82,156 | 1,482 82,613 | 586.5
Eel AR R 83,278 | 82,617 661 | 81,882 (282.3
BRAFFE 2 82,628 | 80,522 | 2,106 | 81,384 | 784.5
e d AT 2 0.6 83,077 | 82,056 | 1,021 | 82,525 | 460.2
S A E R 83,358 | 82,056 | 1,302 | 82,660 | 465.5

d 44834 4127 E = 3 2 AN A 2 fe (0.9 2 0.6)
TOHBLIREMLIR FIPL AL T IR ARSF > RS A

e (0.9 22 0.6)%F F & ¥ o
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% 4-13 % - = MPS Z f6° % 2. % %

Mutation | Max | Min | Range | Mean | S.D.
R e P S 82,294 | 80,353 | 1,941 | 81,251 | 695.2
A% d REAEF 2 | 0.01 83,294 82,345 | 949 | 82,692 | 289.8
X ERR TR 83,366 | 82,345 | 1,021 | 83,125 |442.7
R N B R 81,731 | 80,005 | 1,726 | 81,029 | 638.5
Aode 2 d BFEF 2 | 0.005 | 83,062(82,345| 717 | 82,613 |298.6
E= AR P R 83,187 | 82,345 | 842 (82,930 | 348.8

% 4-14 5 - o MPS = f6= % 2. % %

Mutation | Max | Min | Range | Mean | S.D.
P e P S 82,121 | 80,072 | 2,049 | 81,106 | 864.7
Aode 2 d MFEF 2 | 001 | 84,467 | 82,345 | 2,122 (83,207 | 967.7
E= AR P R 83,547 | 83,007 | 540 | 83,297 | 245.8
R N B g 81,413 | 80,072 | 1,341 {80,657 | 670.4
Aode 2 d BFEF 2 | 0.005 |83,165(82,345| 820 | 82,897 | 322.4
E= AR P R 83,070 | 82,805 | 265 (82,970 | 113.0
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% 4-15 =2 MPS=f> 22 %%
Mutation | Max Min | Range | Mean | S.D.
R e P S 82,374 | 80,398 | 1,976 | 81,359 | 780.6
e d RFES 2 0.01 |83,745 82,290 | 1,455 82,829 |644.2
el AERE | F PR 83,313 | 82,831 482 | 83,122 [ 255.4
BRAFFE 2 81,568 | 80,398 | 1,170 | 80,916 | 474.0
A de% 4 BEFESF 2 | 0.005 [83,247 /82,292 |  955(82,799 | 377.5
el AR F - PR 83,298 [ 82,678 | 620 | 82,954 | 247.2
% 4-16 5w e MPS = f63 2 2 % %
Mutation | Max | Min | Range | Mean | S.D.
BRI Y 2 82,304 | 79,959 | 2,345 |81,388 |914.5
e 4 d RAES 2 0.01 |83,521 82,356 | 1,165 82,897 | 525
EEg AR - F R E 83,996 | 82,334 | 1,662 | 83,126 | 605.7
BRAFFE 2 81,059 79,959 | 1,100 | 80,600 | 481.9
A de% 4 BEFESF 2 | 0.005 | 82,853 82,313 540 | 82,535 | 243.1
el AR F PR 82,993 (82,334 | 659 |82,778 |271.6
%417 %7 2 MPS =48> 22 %%
Mutation | Max | Min | Range | Mean | S.D.
BRAFFE 2 81,600 | 80,456 | 1,144 | 81,097 | 497.5
e A d RAE S 2 0.01 |83,638|82,056| 1,582 82,815]631.5
EEg AR - F R E 83,638 | 82,719 | 919 | 83,085 | 370.7
BRAFFE 2 80,867 | 79,693 | 1,174 |80,312 | 585.8
A he% 4 BEFESF 2 | 0.005 [82,874|82,056| 818 82,586 | 335.4
el AR F PR 82,858 [ 82,056 | 802 | 82,532 |335.4
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Bl 4-2 5 % = 2= MPS ez ac®l > o Bl ® 7 2% 35 Fitness &% 3] 10
> i}ub G453 b & Fitnesso @ B @ MPS > » R{E 10 & U p :‘IL}LJ
15 Tl & if e Fitness o F]pb 12 T F Bzt SRR 5 10 N o

AT P b BB X S 300 25 300549 B L F ARG
098063 6> X% — %5 0012 AHEIMFPR LS 108 - F %
Hengded = f A ST 2 Ak Mg R(MPS): dfmy @ 29 5%7
B MPS ~ A &G fARY T F & A i (move $ir) ~ B B L E ] T R ik

SRR

APRF TR E 0 AR BRGATIRE 2 AR S
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FEEEHFLI MBIV RAETFIRFT(09206) =2
i fizid B LR g e

BRI H Y DL BK T FEMPS F U E g% A B
FoHE30F c FANO09 N ek HFRTERZ ¢ AR

Egr]/ﬁ-ﬁzz  H X2 74404 4 @*”7} G+ 2 RSP R FIEFFELS

% 4-18 % - = MPS = # 7 # 2. % % (Lingo 3 % % 85,658)
Crossover | Max | Min | Range | Mean | S.D.
BAATFRE 2 82,313 | 80,007 | 2,306 | 81,380 | 638.4
A e R 4 RS 0.9 83,868 | 82,345 | 1,023 | 82,688 | 351.3
e A F RS 83,970 | 82,345 | 1,625 (82,952 434.8
LR P e 82,434 | 80,544 | 1,890 | 81,319 | 540.5
e R 4 RS 0.6 83,927 | 82,345 | 1,582 | 82,874 |454.8
FH L MBI 2 83,884 | 82,345 | 1,539 82,961 | 462.4

% 4-19 % = = MPS = §8* /% 2. % % (Lingo 3 % fZ 85,658)
Crossover | Max | Min |Range| Mean | S.D.
LR P e 83,567 | 78,124 | 5,443 | 80,864 | 1155.3
AR 4 RS 0.9 84,064 | 82,345 | 1,719 | 82,218 | 494.6
FH A MBS 2 83,909 | 82,367 | 1,542|83,035| 376.3
L B e 82,450 | 76,837 | 5,613 | 80,632 | 1384.7
AR 4 RS 0.6 83,758 | 81,103 | 2,655 | 82,335 | 699.2
FELI AT 2 83,949 | 82,130 | 1,819 | 82,963 524
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% 420 % = & MPS = 6~ i# 2 & % (Lingo & i 2 85,592)

Crossover | Max | Min | Range | Mean | S.D.
R ) B A ES 82,527 | 79,277 | 3,250 | 81,530 | 723.2
e g d AR 2 0.9 83,313 82,292 | 1,021 |82,723| 354
Eel AR F PR 84,684 | 82,292 | 2,392 | 83,075 | 496.8
BRAFFE 2 82,303 | 80,253 | 2,050 | 81,152 | 538
e d AT 2 0.6 83,692 | 81,995 | 1,697 | 82,912 | 426.9
Eel AR P R 83,874 | 82,292 | 1,582 | 82,955 | 454.1

% 421 % w

2 MPS = #° ;% 2. % % (Lingo & i f% 85,618)
Crossover | Max Min | Range | Mean | S.D.
R e P e 82,082 | 76,839 | 5,243 | 80,729 | 1499.9
A e S d RFES 2 0.9 83,938 | 82,313 | 1,625 82,817 | 369.3
EE AR F R 83,995 | 82,335 | 1,660 | 82,970 | 445.1
e e b g 81,979 | 80,154 | 1,825|81,101 | 537.9
A e S d RFES 2 0.6 83,441 | 82,313 | 1,128 | 82,740 | 332.5
=X TR F 83,451 | 82,640 | 811(82,973| 231

% 422 %7

% % (Lingo # i# j# 85,325)

2 MPS = f873 22
Crossover | Max | Min | Range | Mean | S.D.
BAATFRE 2 81,921 | 76,681 | 5,420 | 80,593 948
Ao R d WA 2 0.9 84,400 | 82,056 | 2,344 | 82,751 | 589.2
FH L MBS 2 83,839 | 82,056 | 1,783 | 82,665 | 391.4
B AR B 2 82,067 | 76,741 | 5,326 | 80,316 | 1092.8
AR 4 RS 0.6 83,475 182,358 | 1,117 | 82,754 233
FELI AT 2 83,494 | 82,070 | 1,424 | 82,824 | 386.3
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HEWE2Z 325 82313 > 325 81,380 5 @ < fies 5 0.6 17
AFLFE A BB E AR 5 82434 B T35 81319 B0 A F WAp £ 121
g

By RENEAIR . AIFFL I AT

o A e d WAEF 2 o P EE R F L 0.6 BF o B ik frg T2

P RPfeF 5 09 | RS S
0.6 HATFiFE 2 » o itehdhdfi L L ATHE> 5 » Bl EIfRF
L00.6 ek FIE E R L b B o

" P

B% = B MPS A2 > 0.6 (O fie “,ﬁ“ hAFEF A WA

R BB EERTI09ERFF o k= BihFd kK
Tohm A o APT UFI 06 % fedaz Bk 0 BB EE 0.9
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fa+zaEyid wEs GREE 3
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i 0 TRTATIER A2 A
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10423 =B E 2R

o | v | v | Y| BT &

MPS MPS MPS MPS MPS

1R 3 Bl gNPE- 82,434 | 82,450 | 82,527 | 82,095 | 82,067
#7404 4 %%7&@_4 E 83,927 | 84,064 | 83,692 | 83,441 | 84,400
Fgad %%7&@_4 E 83,970 | 83,949 | 83,874 | 83,995 | 83,839
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