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Distributed parallel computing applied to
manufactory-centralized supply chain network planning

Student: Shih-Yan Lin Advisor: Prof. Chin-Yin Huang
Prof. Wu-Lin Chen

Department of Industrial Engineering and Enterprise Information
Tunghai University

ABSTRACT

Under the global competition, more and more enterprises change their single-plant
production planning to multinational-plant production system. As the supply and demand
model of supply chain network, the following pressure is no longer the competition between
enterprises but supply chains, so the future issue is how to obtain the best profits in the
overall supply chain.

A lot of past literature mentioned that supply chain planning is an NP-Complete problem.
For the problem, the past researcher proposed some methods to solve it such as simulation or
developing a heuristic algorithm. Those researches often save much computation time, but
the result they found is not optimal. This research is manufactory-centralized, which
considers different features such as manufactory capacity, material limit, transportation and
so on. Using those features construct appropriate mathmetical model and planning the
optimal solution by using mathmetical planning software.

It often spends a lot of time on planning NP-Complete problem. This research uses
distributed parallel computing. It divided the mathmetical model into a lot of combinations.
Then by using Java Remote Method Invocation technique pass the divided combinations to
the parallel computers. Parallel computing will achieve the goal ‘saving a lot of time.’
Experimental results demonstrates that it reduce a lot of solving time by parallel computing
significantly. The results are compared with using single computer to solve the mathmetical
model.

Keywords: supply chain network; multi-plant production planning; NP-Complete;
parallel computing; JavaRMI
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Bl 2.2~ - B RE1E 5 R w2 R 2R & B
Guinet (Guinet, 2001) & % B % RF[ PO EF > I u S fER A & ch 2
Rl SRR R E R ARR A o B LAY R IR R R
Tode it TH AP L REFL A BHAG T AT gL
R H R TR ARG FEAFOFREKE o AT
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Sambasivan and Schmidt (Sambasivan & Schmidt, 2002)#% % A
RRRE AT cna BN 322 A2 L (1)F BRETE 2 A ﬁéﬁ"t’ﬁii ’
2Q)F B F L BRYP AT HFGF OF fKE (3)1& BB R 2 B i
HHEE o

(o 3 AR AT (50 45T kM B L 2 P AT R T K

BAER 0 O fRAA LT B ArTEE 2 mAES E R e‘\—),@é:éfﬁ—"\%#ﬁ

Bé I AR o
2.2 B fbtie .2 & R

WERFHFIELRY A e 2 R Raiesd 2 R4
o El,.'rﬁf»j%‘u{ﬂ BRG]~ B s g Nm e o He vy il
Ao WO IR E S V244 B R 4E - Taylor (Taylor, 2003)# VEE R

9



otz A A A Y (Conceptual models) ~ #c# fic 5
(Mathematical models) £ fi-#z -3¢ (Slmulatlon models) - #£ 4 =38 E_ 2 B A5 i
2 N A E R R BE S Sz "W L
SRR - BB RT R o5 T»ﬁ' A e X
WEap i kit s pEMOLE (BRP ﬂém~ﬁﬁﬂwﬁ>’ﬁ

EHREE O AR B I B A T RE RT gk 0 Z A
v e B 2.3 ¢

138, A =X 2.3 E K KR:-E- 3 %4
Y R B 51 4 30 AXRUPAG | HERIHNE
KAEF ik OB ERE w%"%iﬁ@% TR

A iy FREREHH BRI

Bl 2.3 ~ & it = A A A apdl

Thierry et al.(Thierry et al, 1995)#-#* >t 4% &_k* 42 ( Constraint
Satisfaction Problem) = ;% jig # >t % Bl s 3t £z o 4 B 1)4%
B pF 3 & RE KR PR o U 0s R B 32 m%ﬁ IS IS
- HH G RELE o R \ﬂﬁ~ﬁ’%?”ﬁﬁﬁ%**%%%ﬁ
I enfz o TG ’%’lf’ Py FL2 A AREHAET L RE
PEengFd s i A2 A A RFIFARET RT3 R oo

Arntzen et al.(Arntzen et al, 1995) & 141 % 2 & R RFliz &4 >
TR ARG o NS S AR SIEA R S B LR R s
Puz R PR A RfEL A Eﬁi%]ri’@ frEB] 2R o

Sauer et al.(J. Sauer et al, 1998)# * B LB P L K dZ - € p 7
B HEENT - B 22 E e R T F o B 2 iE %JB*iF’*EE {2
9 R R Az 43 { £ 5844+ - Sauer and Appelrath,(Sauer & Appelrath, 2000) {
- ML R m@ﬁs?] AT~ 5 R R A R R %@ﬁ%} R AR 3 = g
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Guinet (Guinet, 2001)45 ! % i R3] %g? MIAREE R I R B e
T Ay ds B AE(flow problem)em 2 &3 8 & o "U4feid Sk B 3&‘_ ’
Hiié‘%ﬁﬁ@ﬁ$$$&+“¢%%1’ﬁﬂﬂ—@r L& -§
WBARFE | KRR S RORAIR AT o

FRIAL F (VAR 2004) 4 4 o st § w2 A RD] 0 E R £ A

B ARP S R AKES pd 50 EME e R 2 B R

PagA R S R e _ﬁw%%ﬁﬁﬂ’ Bl R A g o
b

PR R AR R HER R R E LR AT C AR ES
RIEE-E PP A P Y R ens ARG e 25 BRIETE D 5 - A
B TRTH O RRRFE ) R FFE G T3 RCRBIFFE o N
AR LR RFRTEREE AR RS -

Shen et al.(Shen et al, 2003)4] # 4" gt L A # R R R IZ A L5
Fd IR w2 A% 0 f244 ARFRF 4L - Chan and Chung (Chan &

Chung, 2004)F7 3 378 A feend R R4aZHTF B I - B 5 B4 7
/ﬁ 7];.1'_}:;' j\j\ﬁ "'.%f A\ﬁomﬂ: ggo s LL*‘F! j\,,_}@&é -f?_r' 4 $1\3r=run'f‘?i}§r_
RN R SRR S LK B feenA A 5 P & Chanet

al. (Chan et al, 2005)ie— # % & (F£ & & ~ JRI-K B2 FiRid * 5 -
AHP: R € fe A Flig B2 572 hjail4 & 2 fe sl RP 48 o e uly S
T oY A N RfRAERAEZ RPEE o T ﬁ'thj—7 i %2""’3 WHIFE SR
TR A T AT B ks T IR A -

uweﬁ%ﬁﬁ{ﬂ?w%m4ﬁﬁ R 2 B pdae Rt AR RE o
Lendermann et al.(Lendermann et al , 2001) #% ) 2 fickien™ 38 > &2 > S
RN R YRS ESE PR F AN 2 W REF SRR
Ra o prEy Ay EE ‘r-*;iilg R 2. A i "4 - Jayaraman and Pirkul
(Jayaraman & Pirkul, 2001)4% 34 % P4 & s ddd A8 > T B 1R 2 £ &
BeA s "3 R & FERRERY 2 EF P U L5 % (Lagrangian
Relaxation) & A s N8 2 KRB R4 % it AR 42 -

Yeh (Yeh, 2005)# &1 7 R & ko ;% & 72 (hybrid heuristic algorithm,
HAA) % & § # % (Greedy method, GM) ~ & |+ 2.%](Linear Programming,
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LP) % 3 3% ;= (Local Search method, LSMs) &% » 1 ¥ i3 & i 4 Syarif et al.
(2002)45 35t > L7 S IF S MW A ARBHE A RRF X A Y 2 pF
FF4 o H&g %@"iﬁﬂ‘iiﬁi% K HE] - Yeh (Yeh 2006)# =t % i R4 A
FE B E o~ B MR N e R B 30F 2 i &% £ 2 (Memetic algorithm, MA) >
JRA-SIE SR ARB T E A REFA S %?)}?’mz BT Y EIFEFE
Ao B EH o~ FEWERER k%’lfﬁﬁ?m o
Altiparmak et al.(Altiparmak et al, 2006) 7] * & Flix & i $f2 & Rt &
SRR MAL > e B~ WRE R LR REIERRE |
B MY AN 0 PR WA HE - MY v EFSEZWET 0 S
b R R R el Y e B A R EE R R U ABR R 2 TR R
2 pedl e AR e ToREb ) S AR LGl R R el s A iR
ko R24LE-ARKR - SRS SRR O she et L E
Altiparmak et al.(Altiparmak et al, 2009)4 * F it 4p fe R 3L > 4% 48 A
F)i% & ;2 (Steady-state Genetic Algorithm ) » gt = 2 - %0 = = BFER 4o
Bl 2.4 #7o1 > av e Fg ki@ * Priority-based & {7 %a#8 > & fS - [ * Bk
R FECF N FE G KR RE S8 # * CPLEX #3488 -~
¥t 19 L ;2 (Simulated Annealing) ~ ;& 2 ;% £ %)% & ;% (Hybrid Genetic
Algorithm)i%ﬁ SR RBER R SRS %g&@],ﬁg pE: b’%.ﬂ“\ﬁﬂﬁiﬁaﬁ s
s‘};\zﬁﬂzz%"m"k’@: R3] ﬁﬁﬁm“ﬁwlﬂ—fﬁ'ﬁ’ EERER > @A

\ ,L AL \
o B A R A R -
Suppliers s § Plants ke K DCs je.J Customers ief
5 ! -
sup, \-.
Sup —/
sup, :
i L
1st stage P 2nd stage 3rd stage

B24~-H5- 25Kk ? A& ER4EELET LB
Chern and Hsieh (Chern & Hsieh, 2007) {1 * 3 = B4 5§ i R da e

2B KD — 7P ELEaFE 2 (Multi- objectlve Master Planning
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Algorithm, MOMPA) » B e g3t R fg4d b & ~eh e Fm s Ryl ~ 2 & -
] ‘]% BRI R AR T R ST EH S R @f;«é—rﬁ&\
feo Bk a2 P e GEL - T30 A e iliire s ¥ 2B
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P RS IE A A AR L F & Bl ho B 250N A b B A e PEE
;ﬁ ARIAZFAT A SDERMAREE o ¥ Y E SEIFRAER SRR
SRS RRBLET A ARG I 25N s 2 (Lagrangian Relaxation)

BT ARY VR EFEHG REg EprFET AT E @?] Py
B2 R ORI e

ptrh s Wu (Wu, 2004)i8 - # R g 5 H - B % ~ F Ry~
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The network
represents a facility|
with 3 products, 3
production lines and
4 periods.
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2 RN RUEW | e | wE | 2a | ERD | ERH | 25
3 2P ] PR | £ | BH
Thierry etal (1995) | kcif 5% 5 2 By 5 M v v
Arntzen et al (1995) | 2 A #A RG] | EFF R v v v
Sauer etal (2000) | R E#AMERY] | HIF SR v v
Jayaraman et - ,
ARG | SRS R v v
21(2001) ARSI RE] | SRS R
Guinet (2001) ERUE TR VI S Y v v v v
Lendermann et L
_,“ = 2 & F»b & r,, v
al(2001) it T
Shen et al. (2003) I % HrE SR v 4
$1 78 45(2004) REEEAL | HIF R v v
Wu (2004) RG] | HEE R v v v
Chan et al. (2005) A FIE B HrPE SR v v
Yeh (2005) Fog 33w i R v v
Altiparmak et al.
i B i 515 Ry v v v
(2006) A7 Tk
Lim et al. (2006) o i3 SFE S R v v 4
Aliev et al. (2007) b e 5PE SR 4 v
# #149(2010) AR TEPE | SRR v v v v
FEER T S H AR AN L B E B AT R R

g**%’@%%”ﬁﬁﬁié%&waﬁﬁiﬁ?%@aam@ﬁﬁﬁ
AR MAT Y AR A 0 G E PR (A0, 2000) 5 1Y A e T R
SR T b R ARA] o HH Y EP T ER N T WA GE %m
BA g A2 B IS R Y £ BOM 2 RE bR 4 £ BOM 2 %
ﬁT’ﬁﬁ&ﬁ%ﬁﬁiﬁ&%ﬁﬁ%ﬁ;fﬁ%é%{%ﬁgwgﬁﬁ
>~*$ﬁ*f"*ﬁamﬁﬁ@%aﬁﬂﬁﬁgﬂ;&ﬂ’ﬁﬁéﬁ
7 a&@ﬁﬁ%kzkw&,&v Bus g A% .

ARG Y BT ST R U R AR T R
FEY R Rt AR .
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TEETNAL KBTI - B¢ 45 (Middleware) - ot g4
BB IMTREFZ AP BR BV RRAMNEF T B GRS
ToenPr A o A1 T npge s 243

1

TR AR CRRAE Y N
o EPH - AT BaEEFTanTE sk
231 X f%g*ﬁ’f,ﬁ_
PE T g AR N A g 0 2 A F S IRF ALY A
FERHAeT oon FIAAFRAEN > P H - T BEFEY > 2 REFY
PR S el BE 25T Fly A REEREE 1 22 % 4 - Hwang
and Faye(K Hwang & Faye, 1984)# 17 5 #p T {7 § " evh i - Hwang and
Xu(K  Hwang & Xu, 1998):&— # 3 1 " Phase Parallel Model, PPM | #--T
7 o= BFEE > @ 35 Parallelism Phase - Computation Phase -
Commutation Phase = B384 o 12T 4-44 b = ¥ BB ‘B 4k
1. Parallelism Phase : o FFFc i & 74 i 2 B fdw B 2 o ﬁz‘}?]‘\ﬁﬁi i
BB RF ML 0 T8 IR BRIEE L o
2. Computation Phase © ¢ Fy £ 5 3 &3 B 847 » B w g A #1384
N R P O éf@lﬁ PigFiEY o

3. Commutation Phase
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BRIZER TR - BT ¥ LenT (732 5% 5 ik > F15 B - K AE
TRFRRARR B 0 TR R TR O E R Y ok %gé BT Ty
R @R EHE LR o G w3 B aE R R 5% (Sequential
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Wilkinson and Allen (Wilkinson & Allen, 1998)#-p # e {7 7 #g ik 2o
Peofe g & 53 <5
1. ¥ 3%z BH % g2 ® k% (Shared memory multi-process system)

A FE G HAS g ® k Su( Symmetric Memory Multi-Processor System,
SMP) > 3P 9 L FJ e § P i I sum it (system bus)
ek S CPU S SRl ~ O K H s dAc k> BifpdrBl 26 - FIH L5 3 F
- RN TRERESUE T ENREN R REESERF
B T oAy #gﬁ 15558 » A2 R BRI TR R {4 ¥R
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L |
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2. AHTiisRtE f A2 Rk si(Distributed memory multi-process system)
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o B SR B e hilE A}
PR e TR ET R L TS ER LS
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T Fokic chE & F & o L BE (MPI) 2 socket & 48
o T TR P PR

-4t 304 5 Java $& %7 RMI (Remote Method Invocation) % i+ » #
7 3d MPI 2 socket 7 2 JAVA BT T3 0 H3E
1% 78 B4 @ 2.9

Client Server

| !

Internet

EMI Register

Y

2.9 ~ RMI i 17 % 4

JavaRMI 75 fif =8 4~ © (remote object) s sE =34~ 2 33 e & B PIR B3 »
A &3 H- Biksa R G (remote interface)s H 44/t > 56 RMI s ph > 7 &
i~ SR IP RS S8 et 4 SRR R B R E o A SR
FIH ek & LRFDRHS o FErIRIR RO 2P stub R KB
>k Rl B R R A PSP PIRFHRCI
ts > d skeleton 7% Sl > w2202 S F 2 o w BFHL - ko @
* JavaRMI j& it 7 1 * socket @i F A#Len> ;4 (socket 7 f&i4-42.5% A i 2
W B TR s JavaRMI R4 2352 6 L) o
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