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A study of genetic algorithm in material allocation
planning for network communication equipment industry

Student: Yu-Yun Lee Advisor: Prof. Li-Chih Wang

Department of Industrial Engineering and Enterprise Information
Tunghai University

ABSTRACT

Enterprises today are facing ever increasing challenges because of evolving
globalization and the increasingly severe competitive environment, how to
efficiently using and planning resource has become an important issue to
enhance a business's competitiveness. This study uses a case of network
communication equipment manufacturer. A network communication equipment
manufacturer, not only produces switch, router and wireless modem, but also
develops the network communication software. Because the product
specifications are very complicated and vary dramatically, many materials are
common parts for different products, moreover, must consider the process
continuous and avoid changing the line balance. To achieve “maximizing the
material”, that means maximizing the profit after material planning, become an
important issue of material planning in network communication equipment
manufacturer.

In past, most of researches for material planning focus on establish the lot
size of production and purchase, few consideration product structure, using the
Top-down planning logic, or not allow backorders. Actually few in view of in
existing materials and limited resources, using Bottom-up planning logic to
efficiently allocate the current resource to fulfill the demand.

Hence, this study proposed an algorithm, consider the material planning
characteristic in network communication equipment manufacturer, for
environment of multi-level product, multi items, multi common parts, and also
consider the full-scale material planning(# #L) logic, then using genetic
algorithm to solve the issue of “maximizing the material” in network
communication equipment manufacturer.

Keywords: material planning, common part, genetic algorithm, network communication
equipment manufacture
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# H (Bill of material, BOM)d t 3| (Top-Down) =33+ & 4 7 Jepes >
RIFRZERH L ER YRR B ATF)F o ] S RIFFITHE i—"i’iﬂ'#’
S IR R A

Euwe ¥ Wortmann (1997)4p ) < 384 chde i R3] i R MRP & A # @
ERET o LR nirghe ZRBJPE ~ ARSHE A0 U E FRIEIE
LA 3 MRP &% PFENFIHL > BV § B 45 MRP 9k £ el
EECA D Sl I o A

SEE T AR AN UG NIE * T IR M MRP hip BIRAL blde

Anders(1995) + & MRP 3] 4+ > f & i j= pF & chiv 4 (automatic
time-phasing) > 1> H 45 7 & R # e FFar 4 L > Flt % IR F R RS
(Cover-Time Planning; CTP)’% iz FE T A8 a4 & Pgg (master
production schedule; MPS) ~ sg#p e F PR ~ £ F & #3378 2 |3~ 37
HERPRZ T &7 %Emﬁ s AR FEPREZ RS BELEEFRE
Dellaert & 4 (2000) 4*%f MRP & (@ % pe$+ & (multilevel lot-sizing; MLLYS)
hd ARBINAL > &3 T RA U 0 XY g - WA B {1 R
FRAAEEZRELYPFP RAL AL & D#cE 2 5] £ & o Lyu & Lee
(2001) 41 * T {7 ;% F & 2 (parallel algorithm) % ;- & #+ £ R* 42 (dynamic
lot- smng)ﬁ’ A-MRP i Su¥20 4 2 R Ao A A A TR A B
RIS S 4 o e “f#'*’ﬁ T o Ao d B EFH N Pt FRE
LR B R R A B R & A& o Dellaert £ Jeunet(2003) &%+ MRP i it
¢ % peit £ (multilevel lot-sizing; MLLS)e4 & 30 R 48 > &% 3 g & & '
T2 BEPOEFEF S AT > KRR HT i 500 & e 5IE 0 Jr A FFE 2
FRYPFN RL AL SR #cE 2 o] 2 & o J C.Ho % £ (2007) 44+ ¥ -
P& & (single-level) o MRP i St 73 F] &8 45 4= ¥ 3+ £ (lot-sizing) cH2 5 >
BO-EFNFEZ AL RANE SRR FHE A ORIRT &
HBEFRG T E <) > PRI E] S AT MRPB{ET * K E
B2igse won@l@FF2 5 Wnp &~ @l 4 2 R4 > fra iz
hd R R A R BREL TR R AR g 0 Ft Mehmet(2006)
— 1% &% % (Flow Network with Side Constraints; FNSC) = ;= » % & i¥

B0 ARREEE RN TR SERERA Nl S AT R A
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e CERPRIEA N A SR A KL 2 AFEKE
2 ¢ REI KR F o Han & 4 (2009)&&% MRP x 3+ %
(multilevel lot-sizing; MLLS) 4 2 2|48 > 2% 3 g A & 'LH] % & &
EToERN-RFIEER /% & ;% (Particle Swarm Optimization; PSO) » - =
¢4 8 - & m(finish good)ie 723 > p 2 &) 1° ARG P G =
B R GG A
FARAE o0 AR U] RE DL R SR ARR]  4o Suerie
e Stadtler(2003)ﬂ} | R E #eARF)  (multi-item Capacitated Lot-Sizing Problem;
CLSP)» ¥ g % &3 ~F "LA ae ~ AP PG a Laug 2 32 > F ¥ 5] 1t
Bs A AgEE S A o Akrami & 4 (2006)# ) 5 — R B oz b AR B
A FfRE N 4 F R AR T g A £ & 2 4z (economic lot-sizng and
scheduling) s R* 48 » d »S B RG>0 4F 32 FIpt i )% R FH B 2 o 2 o
i+ (tabu search algorithm) 4z 4p b R 42 » &% & & a0 "4~ 5 1b k& WAz
PRI eniE E T o A A ) VR g A ER S A o Kampf &
Kochel(2006) % & % 2 & #& it S 1% o+ £ I 48 (multi-item Capacitated
Stochastic Lot-Sizing Problem; CSLSP) » % & ¥ — F# & (single-level) = &5 %+
FEEOE s R EEE T A0 G WE 3 3 hlL RT3
W DN LT RE ADEEZ FleDEh 0 BRI S KA o
Song(2006) 12 37 E ;X 4 & (Make-to-Order; MTO)er 3k 8 ™ 2 £ 3% % » 2 42
TIREAESNEGERPEE NI RBOETR A AL B R A
¢ 7 @ &(Work-in-Progress; WIP)4# 3 = & » & Zif 5 = & & A e F 5uf
BhhFEFRG O RGO AE %ﬁa’*iﬂﬁﬁlﬁﬁé%
Wen® % F1& > Song @ * ATFIFE 2L RARRF RS 0 N RS A
it e T o F A R T ek xiEE?Fé&oMoreno £2 Montagna (2009)
JJ\#E:riﬁ_mIﬁl SHFEFHER TR AR FEBR P AR R
AR R s P 2 PR T TR (R A& WARATR bRk
B)B f FlE o dl - BREFERAMRLEA] > TEME A RE SN
Bt i g g el iR 2 fop R
U E IR T M MR RAR M ARR AL 0 b4 James(2009) 14
TFT-LCD 2 # 5 &) » 7] TFT-LCD A2 ¥4+ #R3F1% 4 > $¥°7 F ERF &

PR FRER v 0 2 Pl isdeie A Fe 637 H 0t James et al 3% o H 8 B4
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313 (Single-period critical material planning; SPCMP) 2 % #p A 4542 24
#-4] (Multi-period critical material planning; MPCMP) % Ji % 3 % 4 i 8
(alternative bill of material; ABOM) =L 4 > 1 # &4 37 B &%
FRER Ry aphfov st 2 AR E e Pl -

Gao-Ji Sun(2010) % g3 7 % & R4 E = REERE F m Tk
B oo sl - B FF R R PR R A4 (material procurement planning;
MPP) » -5 H-chfe 8 - RIr B2 BT s ¥ 2 e fe @ o
it TEASSET REFPERE &S AP R - RFRTORE
FE Lo AP RATE RFEF LG MR AR S 2 2
BMEEFERAE L 2100 AT a0 XM RLE T M AL KR

o RG] e T EFE R A > FARRE C REA LS

BAEFET K ZEF B CPER S A R FEA L RS AT

Ao DK ERD AFS S EARE L hr - B A SR @lﬂ’f_ﬁi "
7 i

*%’Eﬁ@i Tﬁ?%iJ Ltf'Pﬂ‘ﬁ#bﬂ”*\mé"/ 1 &
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%215 R M

AL

e 4 £ B AL RES A5 ER P AN
Dellaertetal. | 2000 | Lot size problem | Genetic algorithm \Y \% \%
Dynamic Lot size .
Lyu & Lee 2001 Parallel algorithm \
problem
Dellaert & . .
2003 | Lot size problem heuristics \Y/ \Y/
Jeunet
Suerie & . Mixed integer
2003 | Lot size problem . \Y/
Stadtler programming
. economic lot-sizng | Genetic algorithm
Akrami etal. | 2006 . & Tabu search \V
and scheduling .
algorithm
. Linear
Mehmet 2006 | Purchase Lot size . \% \
programming
Kampf & i i
mp 2006 | Lot size problem Simulation Y
Kdchel optimizations
J.C.Hoetal. | 2007 | Lotsize problem heuristics \
Han et al. 2009 | Lot size problem | Genetic algorithm \Y
Moreno & Mixed integer
2009 i . \
Montagna Lot size problem programming
. Linear
James et al. 2009 | Purchase Lot size . \Y/
programming
. . Two-stage fuzzy
Gao-Ji et al. 2010 | Purchase Lot size \Y/
MPP model
, material allocation . .
T 2010 Genetic algorithm \% \%

planning
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2.3 AT K 2
d - @7 2 S I AFIR R 2 TR R E 2 A

23] > Mula % 4 (2006)4+% 7 sz 24 & ilcreview ® &5 > F 4 24
LI B R 4o fs > R ¥ e A TFIFE 2~ R IEH A R T 2 FIR
%m¢%od*%&€% RS aE e VI AR (e 5

£ h Ay 2 AR eiliE > AT F i{%ﬁr_’ ATFLFE & kjaidiis s
2 RAL -
AFFEEGF T RR
227 EFak sk
B LNt
T ORI TR A 4 R 4R <
¥ 0% fgof i (optimization) B 4R
AFFEZILF 2L AFE T RF DA Fwi B ¢
3 % #% (Selection) ~ < fiz (Crossover) ~ % % (Mutation) 2 & i+ £ i (Stopping
criterion) » 3 B e AR AcB] 2.2 0 @ AR (FIHEFEE PF o 2 S R A TG
(Encoding) £ i Jis e » & 3R 4w R

A W bdh e

1
¥
fi] 7@ X BL
L4 -
72 g
No ot R
’ y
R4
y
i 4

HR

B 2.2 2 FIiF & % o AR )
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=

55 (Encoding)

@7 AR TIEE PR FY BRI S R £ 3 R
A RBl - S A A D RS s FERAEE PG - B
AIHEET P BATF] A AT TP Jj*w*%\u R AR S BB P o
i & & #c(Fitness function)

A HMIEBS A RS ETY LEERE GRS B Y UELE
BRIMPRET  F I EEFCOFRE S e @V RIS P
Flhp o Ly PR RSERE SE LR RJIE

% fie(Crossover)

AFFE R o JEd * R WA AT 2 N R G e
oo THA Y G N RS MBT IRTR R ES RA A
(L EE AR S Ao A L HBE A A B s S B
EN RS =E il R

=
t

% % (Mutation)

AFFE P Qﬁa%;’;g_i 3 ;A;»}; L R BALE G
Bl R RfEL GG HR R INNREER R B A4 S E R
REPRE REP ﬂ%“ A% F % (Inversion) % % 2 B~ ik
(Displacement) = % o

% % (Selection)

ZITE NS AR PE AT R T RS N o F R
S F T H LR S EE A o SR S BEARE > HAEE S
P ARR SR 20 RIS i S AR IGE R R ] =L R R

-n\q,

f% 7% (Decoding)

THSAHTEID A F RETEE T T SRR %E R e J g
WG fRAG AR At B S B W W RS DA € 195 7 e Rt 4R d
BB R R

i# 1+ 1% i+ (Stop criterion)

A R i R TS R e e RS R R &
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ERFIF S BR A RE PP e B A M e A ARE -

=3

c =gk} AT

FHEAETATIFEZ DA RATREME A TFIRE R L - T
N RTINS ET IS R I F S 3 i S S U A Y
¥ OREOR AL 0 A S w4 A iz it (Deterministic Optimization) st § 4 /2 R
(Greedy Heuristics) & /2 3] o

AFTE A& 2 Syarif - Yun & Gen = = (2002) L4t S PR

(Multi stage logistic) R4 1 16 B # 5 & #2 A FIF ¥ 2L - 2 g 7 o f%
* = = % d(binary variable)4c + plffer number & £ i % 1¢ k& 20 P38 ZEL /T

A

0-1 varwble for openediclosed plants

0-1 varable for opened/closed dutrdation centers

010'4"656 52273

Prufer uenber | o

"rn.’ﬂnt:‘:n- -

Prufer pumber 3 ¢

12

8. X @0

0
l Prufer number: 7 . 10/
P(IN=[42656) 0. . 25

encoding 'l decoding L
@0 09 00 0’
G0 - f10 _\fiotg@® o !

| 10
0
-0-® | /e 0@
’,--‘I ’-

\

Disbiboticn tes T . Distribution tree : T

N
~

Bl 2.3 4 B 5 A #5075 & f24 = 4 B)(Syarif et al., 2002)
ol 2.3+ 2 ehd d R - A FHcR L d 7 L PER B ECR T o puffer

number Z 7% ARk L FE A i LRSS H 0 BB H BB Y R AR A o KR
PR R E R E A
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P={42656} P-{56461}
¥ ¥

. 4 S
B 2.4 # Ie puffer number * £ 47 & Bl
FM % e enplffer number & £ R [ ke X2 FH/REETF A
B 2.4 %7 ¢ i puffer number k25 s ZEH -
AT ATIFE 2 A N HEghdfe > £ rEk 2 plffer number
ARAA TR PR ES LR B B AL TR R
4eBl 25 REFIANEFFEEH 2 N o] 26

Puent] Paent]

Offspring | Offpring 2

Bl 2.5 2 fe > 3% 1 & Bl(Syarif et al., 2002)

Inversion mulation Displacement mutation
Parent

et
1u.‘llmF|sz|'l Sl l”lllll“ﬂ“l”-l

~
(O B S (o R < )
Ot Ofiyeng

Bl 2.6 R % > 3“1 & Bl (Syarif et al., 2002)
3 Rt Syarif~Yun £ Gen = - ¥ dﬂz (2002)# * = ~ PHEA PR

Eendm A TAR > FREAY AT ATIFE 22 22 mE o d %
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AT EFRAEREARE WG E 2 H Pk kAL AR AR
WL B % AR o G RTRZAT O B IZ DM Tk o s gk pUffer number
DGR NCE s SRS O PR sl

ALY o der T R PR L L R i )

AR FEPRRPIFEL AT Y
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=% PFHEEAVZATREZ
AR EAFERRIARE U L2 4 AP RRLEE T R
W2 i A ®P AP LRI E SV ATFIFE 2 > AT R
FRGHEEC A LR IAS A Z S RSP EE Y - A SRR
B %% gk Batch 14 5 1‘ A
REEERE R A E AR P FEEHL 3L F R AR E W
4R PR R 3.2 srlim}éz’? FARGPEL P > 33 FA

Lz fplpe s e 34 Fpplh x v 2 AFIFE 2 o

-

—"EH-

%

Bl ppiakd @ ¥ Aol Rpy

311 eRAAKRFUIELIAFE

Fae o eREAKE AR ¥ ﬁ@ﬁﬁ*%ﬁﬁéﬁ%iﬁﬂ
feAp iy o 4w A Gk ”’j;tﬁtr(Sl\/IT) F& i R A RIEBUM-in)fre %o <
AR L AR o d SRR K Wi F A RT R G A
Feo Flpt 2 AR AR FRGIF EREHFL A DART G TR B
yobo Byl GE ALY WA FREE SR BE RL
L Batch 3]r:gifa] » T M4 A A A Fend A AR TP o

4o 3.1 % Batch 3|4 S-eh4 A7 > 3B~ BLpREE e L8
1 TP AR CLIBLAHER I DR E R ¢ 52
< SMT @Az 2 1 cht & & D1~ @l CL~C2 &2 R gm i & o

» AMRL L B DL BIRZ BIRL & R AT LB o @ DL Z plRza
AKKA T UREL o
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C1,BARTREMFECIBE TATE
DIFTREHFTED IR TRIE

C1,B,ASEANN

o000 O00O0

D o000

I

I

I

(Bh  smT#E |
:I- |

@ @letele) |
Sl e
reooee I
I

I

I

I

I

A Ak burn in, 88k %

(8)
SMT, 4 B
(13) _
R
o000
SMT A%k

@ 3.1 Batch %] & %@ 427 & B
A A Sl EAE Y 0 4oB] 3.2 K SMT ~ 4E 12 ~ g 2 jplzger
oo R A R giaﬁﬁvig@ﬁ;m@ﬁgﬁl » Flpt AR CL 2 L
5 DL B 43 A F et oL g A ¢ 5% D19 g chh AL

FhR:C1
EIkR:C2,C3
Batch B 7ok} BE

d

Al
2 2 —
B CLler C2Mme i o 463 2 BIWRZ BIRL £ 27 LB 1 0 BlES

210 AR TUEL o

@
DILCLBA# Hity  @D— DI,CLBAZSEFE N T
D1 A T3 7 % |

& |

- i e

OO0 o000

— : SMT gk bz ek ] burn in, $8&% ax

I
Erage | SRR BIRE AT R T

|
000 |¥® | BB, R T
SMT, #a ki

|

o009 | FhR:C1

WE R | Elff:C2,C3
I

5Bl

i

SMT 185 | 3 e 7544
B 3.2+ 3 A & @WAeT &R
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312 RRUEARA U F PRI

ﬁiﬁ?@%wﬂﬁﬁﬁﬁﬂ%%@é#ﬂﬁﬁﬁﬁi %a
B V-3 4 A EARERY o A ﬁ

*”’ff"’ﬁg’“"ﬁf@% WA SBATE A S LR

AL
= o

12 4o 8 (Bill Of Material; BOM) & A&k 3 p 4o op s b 0 Az B
lﬁﬁ@%MEMA;w’mmﬂ@ﬁﬁ%ﬁ%ﬂlﬁiﬁé%%ﬁﬂ%
FARRIIBLRLRER X2 R CA DL ARTTRL -

T CLVT B
A4, C2 9T i

(T (= T 5.6 H.DLITT R
0] Ce[E20 B0 255 mpearms
- EE Batch 7 i 7 X o1 JH 7% £ MR & &) KR

@B 3.4 Batch %) & el es B 1 B 47 2, B
VoA A 5 ¢ Batch AR e U ETRIN Rk C2 %

3
g
w
U"I
-mlh
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C3: L3 BIE2 IR L & SAH T
WAL T IR

=

1@ ARGEENE R E B

B35 @A & Bl g BB o & W

*¢%+$?@%’$ WS Lt AP e
RPAGEE 5 B AR R R e

ie B
s rie e B £ Rl R R AL e
T

3.2 & FMASH SN RPIEL FP
Al @R P KT WG FRFEEL L A P (Master
Production Plannmg)m%ﬁj U % EE'J Pl o+ it 5o B4 B i

2] MPS B > 7 3 {35 ERP -~ g 4] 42 (Advanced Planning and
Scheduling) % %t > 1% i 4 | & o gRER R RS A A
(priority-based)év’v}é«:%;&' L EEERY ) U AR B R w

Al iR g B > B RA] 04240 B 3.6 1o 0 AR A SR TG R
B PR 2 HRRLIZ BT

234

ETIRS
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Bl 3.6 + kLR FIn AT R B
Bl KA W Eeando R RGN Aee > ¢ LBERP Y g3 A A
FAl(ex: &3E ~BOM £ %)~ Zif A5 #® ~ & 5eng flcf o B2 ¥
P FL AR e frF o4 ¥ i 48 priority-based o 4 31(1L
B 37)kidgde ARG R e ™ » £ 2% L7 RAipLigh o

ﬁ:‘. 6‘ )i IH:I 'T;-;
Réag

(T eV
B A 2% % 4
e i otk

A % ot JA P
rm T‘H 'H'ﬁ(ﬂ }Li}.
¥ R K A

8] 3.7 priority-based £z X .37 & B
dF37¢ Fars A AR EREEGE ROBLIFTA S > BT kR
BAVER L I TR RO B B E o o RS G B TR
£ FR A ARG R iR e FAGR R R RG] o RAIFES

BARRDFL S RAET LR 0 F L@ S LI P
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2P RS AR RPIPFER [ o AR 2N A4 RG PALfRE G
@#%%~@ﬁ?wlgéf§m,+ﬁﬁ%%i’*ﬁfﬁ4ﬁﬁ%%
G B PR A4 HPE 0 X E%m?¢a1£mﬂﬁﬁ

;aag%%ﬁﬁﬂ,agmx' WA S FRITEAR 2 APH
ﬁ,é*é&ﬁﬁ£%ﬁiﬁﬂ’%?%ﬂﬁwﬂ$ HypHARRA 3 o
R R § A R BB R e Bl 2.2 8] B3k
Tl oo & FdenPoR RGN 2 AR F LA oA T (top-down) e
Rk d A R AR DR N AL EREY o
Rz AR RBEZR ESCTRASTE L >0 L% 1 Fapligt
AL engr b B pF I B

P B A PEFET R ARG P E TR LD
o deferd A L (bottom-up)eh SCARBIP e B fe s 2 2 A 0 5 2l
IR FRRFIEL -

FEIY > AL AT - S REP RN A S T2 TR R E
REGL IR R e iR 2T o T ARG bR R G 2 B RA] > 4o £
IR P SRS OF - BEVE: SUEL CF AN - A

33AMBAL2 PR HE

Ao SRS R R A PR e T mamp 5 & A died
FLRB] ks i s AR A2 SR B AE TERP > RSP A
e R g R R 2 Pl e B e ] & S

331 A iEAL2 Flpl e hLie R ke
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E R ot
(6,50 1] R 2

ks “"T B \

HREEHR
maﬁﬁmﬁ’
+ ~
(7 S sewsgac x|
v
([ axwEs |

B 2
Mt a2 A 4

*I,')
[ 3 3
(# &
B

T 1))
\ dusngan)

[ Ik S 63 B J

B 3.8 L izt #1241 4 5w il T 2 )

— @2 s L) k s B B (LE 38) &F T E
a%ﬁ%ﬁﬁ%wiogﬂ’+%l%ézéam FRAER g p e E
Bl A2 EZ R B2EG AR H T B R
IS ﬁyg B smionaxpﬂﬁwwﬁ4wv%%ﬁﬁﬁpgﬁ&:hw
PR RL|- 2 bR LB 2 A4 5]
FeFmeng d oo

o

H’

332 AHBAL2 FHAE KT TP

Input / izt g \ Output

%K E A (% — 330 Y% =) %5 IR
(B fa] ~ wE pgE P54 s1% A8

R 3 Lan | LA |
| A Ef
2. &M B /‘* v ’\
GA Procedure

AL ZERRE BERGE

wan [0 was [0 @ssk

/S‘ oh IE ',1-; ;R
AL E

-4: /li l:‘JLIJ JEI f.,
FH R E
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@ﬂﬁii%ﬂﬁﬁﬁ“ %@@BQﬁgiﬁ»gﬁﬁw%mF
Moo F ARG FF AT HBEEIER BETAS S
B Hyp(o H 2 HRpEE)o
BEFSBATFE 2 DA A 4ohL ¢ 1~ A2 RQORE 2 255
FTRERRIEE BN AP TR 2 T T A R R Bts o
&R IE B L~ E Rtk iR 3 LRI R REE ST
THRAEBPARY AR HR 2 TR R p ik o
o AR P B e BF (P AT 0 B S AF R B B4R
GOF R R £ R g o TR o AR RSN -

333 AP iBA2 Pl E el &N

[ OEREE )

Input 2 4 H 5B 4 Output

A ¥, =
LS A onJA
{ = = | . A=
() Rk B
’ =4 W B
B 457 & on I H oK
e - y % L=
(BLA B 4F) R S

N
Procedure & B & b B

S IS 2 a1

B 3.10 AL G4BT 2 Foptfe ¥ ff & 5557 L W)

d OB R 2 deopl e BT GRS A R Flt AT RS
(LF310) &4 - FWp ~F- BLRAORT EF)% &350 bk
W5 E - FAenb R E R SRR ES SR BB E R

fB o B G R ABRR G  F Rl iR 3 LRT ik § Rl
SFER TR R AR ERI B R p ko

Va3 :15.533'@— g;azsqgﬁ,pa v A H - YT »%?ug,lj_&ﬁgn_ MEW O Aeie 2 d



‘%Tﬁ&r@ 311 23k F Fdrk 31 2 FH 47 B 340k 32% 330 %
HpATEFR P STE ok 3.4 -

Bl 311 4 0l & %547 4
% 31 2FH 2 ET RikE

FH | & EE | B P
Al | 130 |$150 $15
¥- %% | A2 | 120 | $180 $18
A3 | 150 | $200 $20
g -y | AL | 100 | $150 $15
A3 | 120 | $200 $20
% 32X A R4 B3 #cE
LAE R Bkl | HEEge A
B1 10 $8
B2 10 $5
B3 0 $9
B4 20 $8
B5 10 $6
B6 20 $6
B7 0 $8
B8 10 $5
B9 10 $5

4 33 Pt B 58T

FEE | Ry Eordcd | B A

C1 260 $2
C2 20 $4
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PR | R R pacE | H a4
C3 130 $2
C4 120 $3
Cc5 150 $2
c6 80 33
c7 250 $2
cs 260 $5
C9 120 $3
C10 250 $3
c1u1 160 $2

T &I | g
‘- C2 | 120
C5 | 130

C2 | 100

Cl | 220

$-%¥ | C5 | 250
C8 | 190

Cl1 | 250

ng R FIT TR R o S T R i e
AL Ak By do B 312 o ek A AR Y B 4
-4 A R ERE4AR 35-36% 3.7

B3L2%-HFRemyEsAEKET B
# 35 %- P F M TR

A& | FAEE |#FEedr | S FEE | 8 | HR | #fea

Al 130 $15 0 $150 | $19500 $0
A2 120 $18 0 $180 | $21600 $0
A3 150 $20 150 $200 $0 $3000
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\

%36 - PE L EFARE G TR

-

Lam | P EGERE | EsEdAs | B4
B1 0 $8 $0
B2 0 $5 $0
B3 0 $9 $0
B4 0 $8 $0
B5 0 $6 $0
B6 0 $6 $0
B7 0 $8 $0
B8 10 $5 $50
B9 10 $5 $50

%37 %- P RPFHEFIBE S TR

BHEE | RgdEiedr | fIREFEE | 2324 |7 LbipEd
C1 $2 20 $40 120
C2 $4 20 $80 0
C3 $2 10 $20 0
C4 $3 10 $30 0
C5 $2 40 $80 110
Cé6 $3 0 $240 0
C7 $2 250 $500 0
C8 $5 70 $350 70
C9 $3 20 $60 0

C10 $3 250 $750 0
Cl1 $2 30 $60 120

PN
5 Pengpiv % Bz o T8-5% - FHF R 2
BoLABATIRE 2 RFAE - @Y bRy (LE
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Output

5 30 B
o B 77 38

.........

GA
Procedure

Bl 313 ik FF2RF11e &2 D F T LB

ERA—EIF K B B ERA BT K
n![i A3
| EB7§ C11

KES - FH R ATRFPE T2 LB &&:ﬁ),ﬁaﬁ 63 fmp
i

AR AR 314 M F ot A FARET BRI AT A TN
et °4+J§55]”"1?3 F-PRZBELITAIHNE R A PTG
PR T ARG R R enF Rd g F U NG o
EALT UGB N A3 RS Rt A A X A B8 et e o

>
>

RS FDAFYANZ BWE A TR EE fikE S
T LPARET 2 TRFA A B (L4 3.8) - kiR ki
4R 2 AP hEE > CEFFRSEFI L 1L E DI IR R

%12 PFER o

21
"_'

o

% 3.8 HPis L HIptAR Y 4 A2 B

I | BORLPER | TEt 4 AdcR | FE | BEER |2 ARE
Al | & - &3 130 A3 | % - g 150

Bl | % - & 120 B7 | %= & 150
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Process:
Generate and save ¢ * = * fl k eng.78 & £ (3.4.6.1);
Calculate 2 & & =38 ch 3 F 2 Afdk 15 (3.4.6.2);
Generate #~ 4 GA 0% ¢ %8(3.4.6.3);
Calculate & &-78 fie & #c® % &k i (3.4.6.3);
Check 474> GA % ¢ fen & B4 ¥ 27 2 1 (3.4.6.3);
Calculate if /& & #c(3.4.6.3);

while(i® 1b i% % 5 A 3|:Z) do;
Process 7 %1;% & i 42 7 (3.4.6.4);
Calculate % 578 pe § #c¥ (3.4.6.3);
Calculate if & & #c(3.4.6.3);
Process GA selection 4% & (3.4.6.4);

end while
End procedure
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C7 $2 150 $300 0
cs $5 70 $350 70
C9 $3 20 $60 0
C10 | $3 150 $450 0
Cll | $2 30 $60 120

FANF AP T 3 ARSS (1) i Sk

offspringl sz &

| | J K
Z — Z F)iFSQiF _[ZCiFPQiSHF +ZC15H QFS +chl\/lp EM }
i i j k

=41100-(3000+100+1710)
= 36290

etk enfzas = 5% > fi1* @ 3.40 ¢ offspringd chd & R S5 A
3 337 % % 3.38 ¢

Bl B2 B3 B4 B5 B6 B7 B8 B9

Offspring 1 NN 0 NON O |
Offspring 4 [ | L |

Bl 3.40 % & A& FLF AR 7 B ehF 8
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% 3.37 offspringd £ = &7 Ff e ¥ (- )

2 R 24 | RIE | RE | FIRE gl
Lo
FER kR | o | BEE | KR | BEE | 8%
J stkMD K ll\/n QJI\I/!S kRM EM JS
Cl 260 120 140
Bl 120 1
C2 140 120 20
C3 130 120 10
B2 120 1
C5 280 120 160
C4 120 110 10
B5 110 1
C8 260 110 150
C6 80 80 0
B6 80 1
C8 150 80 70
C10 150 0 150
B8 140 0
C8 70 0 70
C7 150 140 10
B9 140 1
Cl 140 140 0
# 3.38 offspringd £ = 5% F i plpe ¥ (=)
x . , B 75 il
N 7 flcd b | mirnad | Pl osepane | P
o QP Qv Rt Qs QM &E QFs QM ¥
R Jik b Qi” P FM;
C5 160 0 160
B3 120 0
B5 120 0 120
C9 120 100 20
B4 100 1
B6 100 100 0
B9 10 150 0
B7 150 1
C5 40 150 10
HETRL S SR QY =QF - Q=0 Q' =QF iETHRLEL AR
PIQF =0, QF =Q' (¥ LA m@L & mp FT LS SAR BlHg SR
PoplizbEd v REEE A EBRLE R LRI LR BB SR o)




BERENSS 5T hsf L3 R A SRRy R A

% 3.39 ¢

SN B Qe -3 AL ik 5
i J FM;F
Bl 1
Al
B2 1
B7 1
A3
B8 0
B3 0
A2
B4 1

Offspringd ch#% ¢ e ¥ 16 8 3] AL #7 F chd = S g0l » Tt ded o
Frpe g % Al -

% 3.40 offsptingd = &+ * }lpe ¥ #ic g & Ak 2

R feRicE | ARREE: | fIREkE
A QiEMD R Qirl:/u: FMi'l\:IF kRM
Al 130 Cil1 130 1
A3 150 Cil1 0 0 %
A2 120 C1 0 0 140
fe¥ f60 3363 | & » H|¥r i B EE ¥R Erg LA

Fj 2 R K e R G EE QE 2 QI o

# 3.41 offsptingd = &-#71F 578 §_F AfL

SO N -~ Pl | IR £ A
ETLRT T meer | maew | REE ) agd | S0P
2 - 7 =
T QfD TR ey | gy | Q0 QM | oF o M

! JK (L3715 | (1 351) i
B1 1 130 0 0

Al | 130 B2 1 130 0 0 1
ci1 1 130 0 30
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Fler | Fler
AL FERE )OS aus | gl | wER | nEg | FERM
Bl EE DA e e | g g | QP QM QR | R
! Q ik ’ ’ W) || T
c1 0 0 0 20
A2 | 120 | B3 0 0 0 0 0
B4 1 120 0 120
B7 1 150 0 150
A3 | 150 | BS 0 0 10 10 0
c11 0 0 30 30
a2 FMI=13Q 7 =Q™,QF =0, =0
FMF :0')QiF ZO’QJ_RS QU ’QSF _QFD
FIERET REREREZ L SR SOFIPE T HE 0 B 3364
] & > B 3.41 % offspringd fe ¥ chig % > SR AT Lo iF A
AL A RY Q&A1 & A o
Al A2 A3 B1 B2 B3 B4 BS B6 B7 B8 B9 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10C11

0

Offspring4 fe

=4

¥ioodph T 0 A4 342343 % 344

% 3.42 offspringl = &z F 40 B T2 (2)
ao | BAEE |#FHedh | SfERE | 6H | fie WA
"l Q-FD C-FP Q-SF PFS PFS X Q'F C-FP X Q-SF
Al 130 $15 0 $150 $19500 $0
A2 120 $18 120 $180 $0 $2160
A3 150 $20 150 $200 $0 $3000
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% 3.43 offspringl £ = ZF14E 5 TR (2)

Lge | FPEGERE BEGH A B A
] Qj® o CMx Qf
Bl 0 $8 $0
B2 0 $5 $0
B3 0 $9 $0
B4 120 $8 $960
B5 120 $6 $720
B6 0 $6 $0
B7 150 $8 $1200
B8 10 $5 $50
B9 0 $5 $50

% 3.44 offspringl &+ #L F148 B 5 2 KT N (2)

S B B T L B
k

C1 $2 0 $0 120
C2 $4 20 $80 0
C3 $2 10 $20 0
C4 $3 10 $30 0
C5 $2 10 $20 110
C6 $3 0 $0 0
C7 $2 10 $20 0
C8 $5 70 $350 70
C9 $3 20 $60 0
C10 $3 150 $450 0
Cl1 $2 30 $60 120
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FAIFARREF R AN ()3 i S
offspring4 < &
| I 3 <
Z=2.R"Q’ —[ZCFPQfHF T Wehile i Sellifol j
i i - -

=19500 — (5160 + 2980 +1090)
=10270

Bois2|era 3 e i R e Y LS Pl %Y 2L E
BE e RN o B oo A PRI E C HA DRSS ]

BE33T L& HEP PR RAFREE D S E T E R Ak
345 v 1 E R A1 itk i enl % 5 offspringl o

4 345 M3 % B R

BB E | AE [ 25 [#Far ][ Hrass
Parentl | $12150 | $21600 $4950 $3450
Parent2 | $21670 | $30000 $3720 $3560

Offspringl | $35240 | $41100 $3000 $1810

Offspringd | $9220 | $19500 $5160 $4070
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BEFIFEE | FRAN | AR EAY
BETF e L B | - & A S
BB 3 es C RS fasg %
BB FF 2L D | A fasg
BB TS e L E | k- i 5"
REFIFEEF | fHS iR
R X5 BﬁAéw"":ﬁééﬁ*agfr kA%E s dimEAe 3
7300 /&~ & & 5800 f&% R4kl 1500 /& > A F-FF K fESEe 7 234
25wt i ki A 5
Fiekds 4l & > 975 AR E 2 Sdeehf 4k 45
% 45 A FigE 0 28l &4
AF el | e L M | P F | REHRF | REAEK
1 20 10% 10% 100
2 20 15% 10% 100
3 20 10% 10% 300
4 20 15% 10% 300
5 35 10% 10% 100
6 35 15% 10% 100
7 35 10% 10% 300
8 35 15% 10% 300
9 50 10% 10% 100
10 50 15% 10% 100
11 50 10% 10% 300
12 50 15% 10% 300
13 20 10% 15% 100
14 20 15% 15% 100
15 20 10% 15% 300
16 20 15% 15% 300
17 35 10% 15% 100
18 35 15% 15% 100
19 35 10% 15% 300
20 35 15% 15% 300
21 50 10% 15% 100
22 50 15% 15% 100
23 50 10% 15% 300
24 50 15% 15% 300
BEEE AT LBATURE 2 SR A TR L TE 2 E R
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H P A 4.3 4 o

IRiEﬁE_AA:Z"EL.%ﬁ
= AR e AT
700 $1,900,000
600 W My |
-+ $1,700,000
" 500 T
,— 400 $1,500,000 #&
g
5 300 $1,300,000 3%
2 200
$1,100,000
100
0 $900,000

BlA3mB et AL AT FE 2 4B L2 B B2 HFRRF
ma o FEHERETE RS R (RICE) BARAKREL 242 AFFE
F SEce E R BRI o RE AT 2 RGP RE 0 FP o EB
BB 24 2 AT 2 plcle b2 BrE LB 5% B R (T
PR S Bl W 2 ATIRE 2 SR 6 AP T AR 46 97 o
A6 LAFIFEZ S HFELRNAFFRF 2 G ERFEL

AFI3kEL |GASKE|LAFAN |77 % (5%) [ RARR
1 $1,173,696 28.69% 85
2 $1,256,534 23.66% 86
3 $1,428,525 13.21% 253
4 $1,442,719 12.34% 254
5 $1,401,441 14.85% 157
6 $1,518,907 7.71% 156
7 $1,592,717 3.23% V 423
8 $1,645,870 0 V 421
9 $1,517,325 7.81% 206
10 $1,387,275 15.71% 210
11 $1,426,090 13.35% 621
12 $1,573,877 4.37% V 614
13 $1,116,697 32.15% 89
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AFpEes FRARSKE | LBFALA | TP R(<E%) | HARFEFR
14 $1,301,248 20.94% 83
15 $1,443,997 12.27% 248
16 $1,517,325 7.81% 251
17 $1,517,325 7.81% 150
18 $1,426,346 13.34% 156
19 $1,518,907 7.71% 432
20 $1,573,877 4.37% V 418
21 $1,517,325 7.81% 211
22 $1,401,441 14.85% 211
23 $1,592,717 3.23% Vv 615
24 $1,645,870 0 Vv 608
TR N3] | $961,641 P L Mg R $684,229
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FRL PR E D S 0 AR e | F)F R B (2 R I S E)T o iR A
Hi#ﬁ&*“i%ﬂﬁhzﬁﬁﬁﬂﬁﬁﬁﬂ’k°
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- . i
RE PR BT TF R ondt B4 R LB
= KRR E B K e £ 05K
$900,000 1.20%
153 1 1.00%
o $800,000 ' 2t
e 1 0.80% .
z: $700,000 0.60% *IZE
: 1 0.40%
4 $600,000 1 02000 B
%ﬁ =0
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25% 50% 75%
E iR e At
BlASHEBEFF 28 A7 RIHFIFIF T 2 548 ik
£ 487 & AT BT A R
B | A E EogE N3k LR
25% $831,182 $834,764 0.43%
50% $800,671 $806,189 0.68%
75% $612,586 $619,571 1.13%
REFEH B+ T ool 54 R
= KRR E B K e £ 05K
$3,500,000 30.00%
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497 £ ¥ L BT & ST F 0 A

FAE G | A | R | RigR
25% $2,774,918 $2,536,959 9.38%
50% $3,004,360 $2,670,861 12.49%
75% $3,115,940 $2,502,588 24.51%
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k- A2 TREGFRT LT RNEFRE

Procedure : 2 24 ¥# 3 #* X * pehgg k&

Begin
Stepl - Load #7% % k th5-38 = 4ok

Step2 - check f& 474 k ek * BE 7%
For all k
If £ #Kkise2 b & j(7 Fjay,=1)
then generate G;° =(j, j"... '),
Elseif £ % L k 874 I % 5 (3 F i chZ, =1)
then generate G;° = (i,i",...,i"™),

Else if & % k¥ g 2 = 5 j &2 = & (40 b k £Y;, =1 and

then generate G;° = (i,i",...,i"™, j, j'.... i),

Else
End if
End for

Step3 - Save #7} A % e & Gy
Step4 - Repeat Step2 v Step3 2 3“7 chh P ke & = &
End
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Weks 1 A 4 A4 GA ehih & R

Procedure: & 2 44> GA ehi% ¢ ¥

Input:

AR g QT

LRIt R Q) - QY

&I B e R QP ~ QP QP QP ~ QY ~ QY ~ QR - Q™

& IF B e FMST « FMM « FMS « FMS

X

LA mak g A CH
Begin
Generate four matrices: A[FM® ], B[ FMjS]lxj,C[C,—SH J1x, DI P> 1

Sort C[C]" 1 (i€ FI]")
Sort D[P i (f8% 31°])
Dowhile (£ & 5. j F @& * £ % v 572 2L 2 % j il FMOS % 4 1)
Set FM f’ = generate stochastically 1 or 0
(R PRARH HBRIGH T IF 2 & T8 FA Y )
For all
Set FM® =FM;
If FM® =1 B fi>1(where k is the same and do not exist
anyW;. =1 ) then
Forall |j
Set Q"™ =Qj (wherej 5 inventory cost C;" & B 4ofz42)
set Q" =Q" -Q}"
If Q7 <0 then

RM RM Ms
Set Q" =Q +Qy
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Set Qj° =0
Else
set Q" =Q!" -Q}®
End If
Else

Set Qi =0
Set Q" =Q."
Set FM® =0
End If
End For
End while
(Ao LATTHLSRAPERG )
For all j (where j do not exist anyW;;. =1)
For all k
Ifall FM® =1 then
Set Q' =Q;°
Set Q;’ =Q;°
Set FM; =1
Set FM:: =1
Else (where # # - k :FM° =0)
If Q)° <>0 then
Set Q™ =Q™ +Qj
Set QM =Q" +QlF
Set Qi =0
Set FM; =0
Else
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End If
End If
End for
End for
(GEm b+ = mehfie § 22301
For all j (where jhas W;. =1)
Set FM}® = FM? (where k is common part)
If FMS=1 then
If FM: =1 then
If FM® =1 B fi>1(where k is the same) then
For all j
Set Q" =Qj (where j' inventory cost C:" & B B 4:f2)
Set (QEM — yl__cgiWD
If Q™ <0 then

RM RM MS
Set Q" =Q" +Qy

Set Q=0
Set FM® =0
Set FM; =0
Else

Set Q" =Q" -Qp°
Set Q' =Qj°
End If
Else If FM® =1(only one j for k) then

Set Q) =Q)

Set (DEM — yl__cpiwD
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If Q™ <0 then
Set Q™ =Q" +Qy’
Set Qj =0
Set FM{® =0
Set Qi =0
Set FM® =0
Else
set Q" =Q" -Q;”
Set Q' =Q;’
End If
Else If FM}® =0 then

Set Q" =0
Set QM =Q"
Set Qj =0
Set FM® =0

End If
Else

Set Q;° =0
Set QEM — I1\/“ _QjSkMD

Set QkRM — Ii\/ll _QjSkMD

Set Q" =Q;
Set FM’ =0
Else
End If
End for
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(o {ATL 4 S 2 3 RAR 2 {ATRF B %)
For all j (where j has W} =1)
Ifall FM JSJS =1and FM J'.\I’('S =1 then
Set Q' =Q;°
Set Qj =Qj’
Set FM; =1
Else
Set Q™ =Q™ +Qj¢ (where FM j® =1)
Set Q" =Q" +Q} (where FM® =1)
Set Qj° =0 (where FM;® =1)

Set Q' =0(where FM % =1)

Set Q' =Q;°

Set FM; =0
End If
End for

(&2 LATL 3 B2 S napls (ARG i)
For all j (where jhas X; =1)
Ifall FM® =land FM}° =1 then

Set Qi?F — Qi'-:SD

]

Set Q' =0

Set FM;" =1
Else

Set FM;" =0

Set Q° =Q;'
End If
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End for

(Fo & % 24 F LB R 22 e B 4 R)

For all i

Ifall FM;" =1 FM" =1 i #>1(where k is the same) then
For all i
Set Q" =Q° (where i s selling price P™ % & B 452)

j
Set Q[ =Q!" ~Ql"

If Q™ <0 then
Set Q™ =Q +Q"
Set Q) =0
Else
set Q" =Q" ~Q)"
End If

Else

Set QF =0

Set Q™ =Q"

Set FM =0

End If

End For
End for
(& & = S BAL 2 release 2B & 5 F £ e fe i )
For all i

Ifall FM;" =1and FM,;" =1 then

Set FM =1
Set Q* =0
Set Q7 =Q
Else
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Set FMF =0

Set Q¥ =Q™

Set QF =0

Set Q;" =0(where FM;™ =1)

Set Q =Q;*° (where FM;™ =1)

Set Q)" =0(where FM" =1)

Set Q™ =Q™ +Q " (where FM " =1)

End If
End for

Output QF ~ QF ~ Q¥ ~ Q™ % Q™
Output A= FM; | and B=[FM; |,
End
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itz L RAFIRE -2 PR

Procedure: Crossover
Input: Az[FMJ‘S]m— and B=[FMJ'SL,-
. GFS G FS .
Input: g, Zs  (where™s hasj), W; (whereW;. =1)
Begin
Create two temporary matrices: C[FMJ'S ]1><j : DLFV; L,-
Set matrix C = matrix A and matrix D = matrix B
Set n = randomly chosen from 1to g-1

Select n groups of Gg

FS
Change FM between matrix C and matrix D (where j is in the selection G, )

Check matrix C and matrix D

If FM; =1 and W; =1 then

If FM: =0 then

Delete matrix
Else

Save matrix where (FM; =1,W;. =1 and FM; =1)

End If
Else
End If
Else
End If
Then generate two offsprings C and D
End
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ek L ATFIRRE-RE

Procedure: Mutation
Input: C=L"M; 1, D=LFM7 1,
Input: g, Gy (where Gy” has i), Wy (whereW;. =1), Q" ,Q;"
Begin
Set n = randomly chose from 1 to g
Select n groups of Gg
If number of j inGs =1 then
If FMJ.s =0 then
Set FM; =1
Else
Set FM; =0
End If

Else Randomly Change position of FM? in matrix C and matrix D (where j is

in the selection GgFS )
End If
Check matrix C and matrix D

If FM; =1 and W, =1 then

If FM] =0 then Delete matrix
Else
If > Qx"™ >Q" then Delete matrix
j

Else
End If
End If
End If
Then generate two offsprings C’ and D’
End
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