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Optimal Solution Approaches for the Distribution Scheduling and
Replenishment Problem in a Sea Cargo Supply Chain

Student : Che-Feng Shen Advisor :  Dr. Ming-Jong Yao

Dr. Jia-Yen Huang

Department of Industrial Engineering and Enterprise Information
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ABSTRACT

This study considers a sea cargo supply chain that includes a hub, several supply ports and
many demand ports. In such a sea cargo supply chain, any cargo, that arrives at a supply port,
loads the raw material replenished at the supply port on its route, transships the loaded raw
material to the hub, and takes other kinds of raw material from the hub back to the demand
ports on its route to meet their demands. Those sea cargos never visiting any supply port
deliver all kinds of raw material from the hub to the demand ports on their own route.

Many costs incur among the operations in the sea cargo supply chain, e.g., port charges,
load/unload costs, transportation costs and inventory holding costs for raw material stored at
ports and in-transit on the sea cargos. The focus of this study is to coordinate the
replenishment schedule of the sea cargos, to deliver/replenish all kinds of raw materials to the
hub to meet the demands of each port, so as to minimize the average total operations costs
incurred in the whole sea cargo supply chain. In order to solve this problem, we assume that
all the sea cargos follow a Power-of-Two policy (i.e., the replenishment cycle of each sea
cargo is a power-of-two integer time of some basic period), and we formulate a mathematical
model by referring to the real-world scenario in the sea cargo supply chain. The optimality
structure of this problem was investigated by drawing the optimal objective-value curve with
respect to the value of basic period. Utilizing the theoretical properties (e.g., the piece-wise
convexity of the optimal objective-value curve), we devise a heuristic and a genetic algorithm
for obtaining an optimal distribution and replenishment strategy. Based on our numerical
experiment, both algorithms solve a close-to-optimal solution effectively. We conclude that
the proposed algorithms could efficiently solve an excellent solution for replenishment
strategy in a sea cargo supply chain problem. Therefore, our solution approach could serve as
an efficient decision-support tool for the managers in sea cargo supply chains.

Keyword: Heuristic Algorithm, Genetic Algorithm, transshipment, inventory,

scheduling, power-of-two, hub
i
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network) | e i s 32 F_fhig B 4 (hub-and-spoke network) °
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ki % > 4 #5501 5 - = = eh(quadratic) B #c i &2 > P 150 i ds B
Adopvoo 2 (8 B H - Jgindist oo BOX g N iR oot B 2 sk
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b iEk o B TEEBLTEFT 0 g2 EHTEK &@ﬁﬁl%\ e
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214 £ P2 phig iz B et W
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F_iRfp et T T A A o F FE AN AR S pF o ReRL P g iF Ak B i
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23 W R AR ALY RET
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f= fhs f & L Gg j g ZZ(inventory management) &7 3 if i ﬁi(vehlcle
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e 1 2m® 285 Q kA s o P ESIEKILA;LHFEFTNE
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A0 B e [F*Je x% > IRP F* 48 & 5% & 70 & & & Beltrami and Bodin(1974)
% Russel and Igo(1979) 21 3 o 5 #p «79#7 7 » 4 Federgruen and Zipkin (1984),
Golden et al.(1984), Dror et al.(1985), Dror and Ball(1987), Chien et al.(1989)
WP E A AH S RPREOEZRY AR ERANEE FH AL R
3D AT o ¥ - IRP RiLiR* h ) ‘T}“"“"’ gk £ chg K
BERiE RAAEED A B E L > 4o Anily and Federgruen(1990a,1990b),
Bramel and Simchi-Levi (1995), Chan et al.(1998) - ##7 3 i& v #ic & & i ] »
B IRP g L8 E 0 T REEI R EFRA -

24 %~ #AEE HE AN S T
&é%E‘%ﬁiﬁﬁﬂiﬁﬁwwé%ipiﬁﬂ%T!
Larson(1988)#& 417 — B & 5 % b 432 A E R AR AL o e BAT L KT

It — B {4 ## (logistic) & %t > s & KSR oo 7}\;%;;5&3(;» s KD 2 BROK AR

iﬂ%ﬁﬁtm6ﬁgﬁﬂkuwymwi@m)Nayﬁiiﬁﬁb%x

S RIERF PG FE SR ERY A AP E 0 BiE i &

TR oREY A AB]ERFTERGEDL o

Campbell(1993) /5~ 1 A2 4 8L 35 G 4 8 b e i 5 1 4 Bhob 038 % 4 4
T B E it S A f it 1 (approximate) A 7 5N o JEAS b BE T 4 3F 2L
_d 4145 # (linchaul vessel)i& i¥ b 4 » 8 g F =L I 2 1 & 24 chidff cig A2 8

% b 2 (local vessel) ki i% o /v”f‘rﬁﬂi%lﬁ“ AFh ARz i’?@"’ FAE

A2 B eif & M i(tradeoff) » AT B G g F bl  F AT E R TR

IS TR TN
Bookbinder and Fox(1998) {éi Hoa £ x5 B EHEFHE

(1nterm0dal)g$sa] B RRAGESE o H Y AF 4 ﬁ%lm" U E REABEE - ORLZ
EE A A 2 fE %opiﬂﬁ4éwhww%1mm@ﬁ**’

iﬂuﬁ%%@ﬁ@ﬁﬁﬁoiﬁ f RPN L AT B b o A ]

MAERS SRR FEER ORI R ST Y R 8 i

EiEE S N o

~
%

4

Feng and Xiao(2001)# ' — B & 7 % BAc4Bh - B #EE k(hub)% - B
.é%%ﬁﬁﬁﬁﬁﬁEf%%%gﬁﬁfﬁmﬁﬁﬁﬁﬂﬁf$1gﬁéé

Bhrb o A E PR B R A F T e F] G R OEF B RERAG
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(lateral) #3858 o v ¥ 00 s L JRFKEEE K A o B F K EA
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PRIk E G BRE 0 N 2SR RPA L PEE R - B A @
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Chou, Song, and Teo(2003)# ! & F*% ﬁ"] A4 - BRI
W b ehdy £ 32 42 (ship routing) P 4E o 4 v - B RGBT &2 RE j\mzﬁ‘ r
B — BT R R B R r%féiﬁﬁs?]@?_ o g AEF g 2R o RE
ﬁa?]%“ A h A ABCT e BAEY TR 2 BRAERG 5 BEC R
3 (multiple ports of call)’? 2 (& #&),% str2 2 $ihig (hub-and spoke)(## &) %
oAy B e AR LREAH G «‘th (TSP)¥2 »z {7 ‘13 % A8
(TRP)en% & » € 38 % fogh 38 iz ko K f2 o 230 hifp & 5o P AR Sen-
?ﬁ&ﬁéﬁigﬁﬁﬁ@’ﬁﬁﬁﬁﬁiﬁﬁoﬁpﬁﬁ%&ﬁ%%i
FE ROUET 0 KWL EGES B R S ot o FyiR m?‘}*k{ ERE =
ke s A E g iR F 4 B (TSP)E v ail FAE(TRP) > T/ 11 - B
M Lo Fpog iz K22 4 A niP 4 o alid L > Xk ey %’gﬁ
* M(feeder)dy » # * 3~ & FREFER &~ ¢ v e § =0 LA (multiple visits of
thehub) & 41 5 a7 6 > 2 » T REE LR DG FFE > ¥ L4547
Kkt (synchronization)ﬁ FrbenT3ag kB - B oscagogd iz
KPP EFRF R FRAERE c {EEmE > AN - B A REEE
Bos iy B At o

Teng(2005) E_/E >t L ¥7 % 249 3 i 45 27 3L AR e B R 72 e i (Fully
interconnected/path network) > @ ¥ $#:i& xheniz ¥ §_F 2 e 32 _hig B
PnE g B Eghip R enut ¥ o BEREERE T 5 - B Ay o2biF sk an
GEEE RE &R L AR LSRR GRS a(path) R B o B
TP TR e REEELRGE A AR o

Teng(2005)s%= 7 ¢ & 1 erja 38 & 43¢ > & Chou et al.(2003) =%
12 AR £ B e T
. % cfE B3 RigBERE HY 3 SiEiERR4AE>F R-S

#% o Chou et al.(2003) ¢ * cific;8 7 3 2 #5484 H ¥
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fo T - i EE KA TN AFF AR DR { RERE R

2. @ F ek X g R/ F R R R IR B { vk (Power-of-two) = Chou
et al.(2003) 7@ * sk { ehi B/ Z FALGF R IR AL Bl n AT @
EE SRS S LR E S SR §T3 S ety Y
PEREET Y o L A E

3. BR/F Fdp PR TR ik £7 R B T (path) A Bk e 7 & 2 3% > Chou et
al.(2003) & &/ % by PRk IR (ring) ) i {7 B 2 5N o

4. 4p#>t Chou et al.(2003)e%7 7 » 4 g { 5 = A 3F > Kﬁ% 7 Chou et
al.(2003)c ‘g% g A% o R g AT BT R E X AEBEC R
oA A o

# 2.1 Teng(2005)£? Chou et al.(2003) 74" iz

Teng(2005) Chou et al.(2003)

B 25 Rif4Fdse o B T 2iEdpiFdAg

B LR hER/ZRAFERR g (B LBk G R R IR
S ST 20 -

B OER/E Ry F R e | BB/ T R TR (ring) 3] Ak
& (path) 3] fg ei7 % = 3¢ o STl S

B JT g0 T3 AT IRES ALY
BT R AR

25 By

g3 ik A f AT XA 5 P AU .?fuz’v’ﬂ%ﬁﬁi
> o Teng(2005) % 7 2= # 7 Chou et al.(2003) 7850 + > 273 7 + s
B RS T LR R FUEEaR PN B ST B X et
Flpt v A BREST R 3R RS EE S PRTEE § A o iR
W LY o - B 2 S RS § R o b F F g
gzt g3 - BiEEE B  hF KRB FIEF KRR €75 3F 5 07
ik

P A RIEBET R - BRAOE > FiRaAR 3 - RER/IF R
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A %@ﬁ%}k’i’#ﬁ@ IR R AR R RIS T A o E RF R
7 K= 5 K v (Power of two policy) °
Teng(2005)3% 1} c927% 18 - pda it » 3-8 To8 & A % oh 8 55 8
Wi fedc D HAcFRT 0 2RI SR BERT > AT 24 Teng(2005)
FE RS BT - BEENEEZ S A AERR T - B
f2 o RFT Y 4 AM% Teng(2005) eia 38 E dalst > R R B FE 2 FHS
BASR O B SRR At o EP AT A B R o a4 F kS
SRR E R AR R c Y 2 P i I G xR fE S 2 > RgE
Z BTV R E AT BT hE R DRI IERE S NG o
By anfF Bl 97 8 2 (Real-parameter GA,RGA ; % #§4% » i}
BF LRI Y > 2002) 0 F OB - s A 8% 8 % (Binary
GA,BGA) » 4 1% 71 %t (Encodmg B R B D B NI s REE
B (5) el 38 0 Flgt e R R R GEES b (T 0 Blde Bt B B R S B
BRI o - Ho- JRAERE T T HNEE PR > 4 b RE L DERT
REZRPOERFL 50 FY RGA i 78 & € v BGA #- o d *> AP 47
S BIDE 2 > FROF B F A RRAKERF s ERE
R % RGA enifl @i B2 o 10 2 i B B2 AE B R E )5 o
PR NE SRR E NS EREFRHREG O RA R ZFEL
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AR A G E R AR F S Y - R ] D bR
o T AR89 E 5 i o 2 BEP B D EEE
3&,%2;;—;1 %b';iﬂ,‘rv}jﬁ;;&m)"‘a ’ﬁr,ﬁ_ﬂ“lé?-‘l]}&?ﬁm#b" N ’ﬁ’»lb#’%

41— # Proposition ¥¥ Theorem -

3.1 /438 R 4h i (T3 5V
2 0 O &t ’I%q*"l[;,?ali'j\\:ﬁapg(lfﬂ)ﬁs3R 4):
BRR PG 3 BFABnE L m=3;F REDEI A uE

1,1),1,2),(1,3) - R ={0,1LD),12),13).,h} > R ={0,(11),(1,2),(1,3),h
t =R +R #FiEehpE ¥ o

-

7 5
}

B Rt 4 BFRBDEE M =4 F REDRLEHET S
2.1,(2,2),(23),24) -+  R,={0,,(2.1),(2,2),(2,3),(2,4),h} >
R, =1{h,(2,4),(2,3),(2,2),(2,1),0,} > t, =R, + R, *T = crpr ¥ o

BAR Y S5 BETRBENEL M =5 F REPEABET L
3,0),(3,2),(33),3.4),3,5 - R, =1{0,,(3.1),(3,2),(3,3),(3,4),(3,5),h} -
R, ={n,(3,5),(3.4),(3,3),(3,2),(3,1),0,} * t, =R, + R, #F {= chp fF o

B Rty 4 BFREDEE M =4 F RiBDELHIET S
(4,1),(4,2),(4,3),(4,4) ; R, ={0,,(4,1),(4,2),(4,3),(4,4),h}

R, ={h,(4,4),(4,3),(4,2),(4,1),0,} » @ 0, =0 = t, =R, + R, *T = crpr ¥ o

-

ek kR E R FRamAREF i =5,6=3 f=2-1=1-
APiEKt =2"B=81,=2"B=4>t, =2"B=4> t,=2"B=2-
#¢ > P=3P=2P=2P=1B=1-

B g KRB R S H R RS 4T
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2301 §eod i ko hg RF

D, M, M, M, M,
0, 0 3 ; -
R (1,1) 2 2 1 0
(1,2) 3 3 4 0
(1,3) 1 0 3 0
O, o) 0 5 0
(2,1) 2 5 4 0
R, | 22 4 0 3 0
(2,3) 3 o) 4 0
(2,4) 4 3 5 0
0, s 1 , :
3,1 4 ) 1 0
R, (3,2) 2 5 1 0
(3,3) 1 4 3 0
(3.4) 2 5 2 0
(3.,5) 1 4 5 0
o, 0 . , -
(4.1) 3 2 2 0
Rl @y | s I Z ;
(4,3) 2 3 1 0
(4,4) 4 6 4 0
sum 50 55 56 5

T FREOFRAFHEM, > Fr=jpF FRE 2 THRE L

I\
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B O BRI M, il RS 0 1345 1.2 & SR A it o

4
D, =X D, +>D,,.j=1234 (3.1)

] ?

4 (3.1)2 ¢ » D, =50,D, =55,D, =56,D, =0 °

RyHM @2 > £58Q32)4 7 af@bht § AHR,R AR 75
g REE EREO, 0% O ¥ Ry LM, ek B mpb B F 5

D, = Z D, (3.2)

ieR,,R;,R,
izh

I R M, M2 MBI E T 258(33) B4HHBS) S ¢

Dy, = zDi,z ) (3.3)

iR, ,R;.R,
i=h

D, - Z D (3.4)
ieR R, R,
izh

Dh,4 = Z Di,4 ) (3.5

ieR|,R,,R;
i=h

£ (3.1)2 # 6] ¢

' D,,=44,D,,=43,D,,=44,D,, =0 -
PR AR, 2 B e ST e TS 4 B f
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F xsxllaz i, =—2=

(3.6)

M, ek H

fifﬁﬁ'f:mﬂw:tlz\»m aévi'%%ileLr;ﬁlﬁmE%Fé“F'Jl‘&:g%ﬁ % 2% AER,
TR R QAT BB Y FREMEEFL Y q R M
PIgE A, AT R Y, FRFRL > HF A, E R MR &

Bk
3 - q31 d31
Pf’:—""',f fbl“m; F}lz—’ = —
t t
1 3
. q,, d
Pf':_”‘j',f quVﬁ"J'; F41:ﬁ: 4.1
1 t4

»j}z\(3l).~§ﬂ Mo

d
I, =>D, :15,%: Zl =15,%11 q,, =120,d,, =

o

sMo 1
h
F _ D _15 q3,l _d3,l _15 "”I‘,{ 120d _60
31_2 k1 7 h ] _T_ ,OT14 0, = 593 °
Py
F _ D _14 q4,l _d4,l _14 )_;,'./( 112d _ .
41_2 ki1 — LT 3 = 5 =14 =7 q41_ , 41_
ql = q2,1 + q3’1 + q4,1 :120+120+112 :352
FE>s M ma= 0 T _h_dl,z T _q3,2_d32 T _q42 _d4,2
= P ) = . = e R ’ — —
2 1,2 t2 tl 3,2 t2 t3 4,2 tz t4
B> M.mn= > T —&:—dl’3 T :q2’3:d23 r :q43:d4,3
= 3 4 1,3 t3 tl sL 23 t3 tz D 43 t3 t4
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(3.9)

(3.10)



\ _é_, R 1—\1’4 :i: 1,4 ’1—1 — q2,4 — 2,4 F — q3,4 — dt3,4 (3.11)
4

UEES L TR A FEE BRI ) N

1272573
\e-v
2

(least common multiplier)' T = At =At, =At, =4t - R,R,,R, 3 R,i&
BRI BIET &L BT - T R D T T
E PN Tk A N E] Lo

PEAROER/F REFRL LG 2% 2 L6 (shift)ip 42 &k v 13
LT 7 g ARER Y RS L R/G R P T S A 4 3l
e b T SRR TP (FEM P ) M, M 2 M IR E &L

2

,,B':’t4;‘,z*)§ R T =873 8 Fp A PR R A FUF R R AT
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\
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@ s BERB rRTRAEERS  IRTERBEN LT
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3.2 wuFip A2 e iR
ERHH(shif)ip ke DIEFF  APERIXER WS 1 B E
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\
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@ ERBrRTREERS iIRTERSN LS
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Inventory
A

8D Loooo
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» time

w D, =8D,

B 3.4 ERBEO LBEFTAGEEFET E(EEM,)
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4 e R,i#0,h
] o
» time
8
;I‘.tll:)il _8Di1
Inventory ’ ’
A .
ileR,,i=h
4Di,1 _____________ ‘ ———————————
> time
4
;i‘:tzt)il :4Dil
Inventory ’ ’
A
e R,i#h
4D|1\J\‘ ———————————
> time
4 8
s D|,1 :4D|,1
Inventory
A
leR,,i#h
2DI’1 W___N ___________
» time
2 4 6 8
w:4D, =20,

B13.5 #F F££L0,~ 0,2 O,FF TR & #FT£(FEM)
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T3 R KBEO, 0,20, aFRF TP Lo i

=%[.%~&8(2+3+0+2~%¢L4(2+2+4+3+4)

+2%-4-4-(5+4+2+1+2+1)+4%-2-2-(3+5+2+4)}:784

I ER BB R LB NIERF R2 AR PER/Z RTRE
(LLLEE)? R BT =803 fo57] B i 4] S 47§k

PRGBS AL £ R R A R g kRS F R
FROERBIALEC R REF 2[4 B b
ipEkARL e A P T =82 % NThikdhp » AR P > B
Vg EREOERAR FFBE BB AR AR Y BER
dryE P ERBO,BRAER T E BT B BEBE 2 S &%%&Rg iR
iy, P ERAEO,ERAFER FE B I REIHFKRBIL2S AAR L
%ﬁ%ﬁ&?%@%oﬁﬁﬁﬁai4@ﬁ DN SuEECENCRLERE B
@%ﬁ%ﬁ%%%%ﬁaﬁﬁiﬁ%rﬁ%$$%%oafﬁ%%ﬁ%ﬁ
FRED 2 HFBERENT RED, % BEBZFAREFETL, A
BT g %/:ﬂv%‘%\'ﬂ\ii l%‘%"?\'j‘%%

o Bt gl E %m”&%%***ﬁrhﬁ“@%°&@*“§T’ﬁg

LA 3 %, kA BT o (3@" LA i;ﬁ-i f#},@Ml B ¥R WL %‘UZO) °
Inventory a
204
176
28—

| | | ||
0123456738 Time

B13.6 Fol¢ R M 2 b S0l B AUEE ) 5 f R G R



102

L e 408 +352+56+0
Tio3s pok = ( j

# 8 (shift)iz A2 &8 v DI E PR S @F P 2 % A ERACT (P
A7 13 f=148)

Inventory |

»

352

2644

204 | 1=
176—

88—

28—

| »
T »

012345¢678 Time

B 3.7 $61° RyFM 2 #8018 Ul B AR E R 5 pRk R

P M@=(352+ 264 +204 +352 + 88+ 28):161

8

d B13.6% B 377 » xPE g PEEEP s fORE O 2R ki
CIERER A - @ f TG E RS A 4ae o Byt B R R4A
P Y R AUE AR AT 0 R HEE RN T30 f R (T ian h
7o A)EI S

B T A4y y FIEHELPFR L & - L Ripy, & T p 3l
EF R R AR Y A B E R PP T UL
T ={t"|t" =t' +it ,i=01...,4 -1} » r=123...,S » @t €[0,t) o

BT AG Ry MEHELPEF NG & -t/ LF Ry & Tp ol
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Wi pE Lt A Ry e e B E b F Y AT L
T ={t'|t =t/ +it,i=0,1,.,4 -1} » r=S+1S+2,.,R » @t €[0t) -
iR B P 0 A RE D] T =4t |t =t +8i,i=0},t, €[0,8) °
={t’ |t =t) +4i,i=01},t €[0,4) - T, ={t’|t’ =t  +4i,i=0,1},t’ €[0,4) -
T, ={t"|t' =t +2i,i=01,2,3},t €[0,2) -

33 WEHL L farf R ot B

&t4 2 AER,R,LR,,..,R - B A RibfE Lt 5 L LPFRELLPE
Ay, b E L ERRAFEM, g LS () BteT R Y €
BEE R Q0 TS ()=, > @ AL PR ERAy, A FIEES
TS, (0)=0"H?r=123.5° &g Kigdt o d 7 Ripy AEFLILG

R T F Ry, g ELE A €5 S 0 TS (t)=0’ﬂ v

-

r=S+1,S+2,..,R ;4 apFmaEtE  BR/3 Ry i@ irﬁﬁém
hﬂﬁ&géDﬁLhﬂ’%w1’“ﬁhﬂﬁﬁﬁwyguﬁ £pd o

Q|

Z » D, (t)=d, > BE B PEFL BRIy EE

Dr(t):O o H¢ r=123..R > j=123.R o
TR - BT REBRES Y o EEp RBRFE G FRE

L 1,te[0,T) 4 ApFR Bt Bk p % 5 R A o (3.12)% 7 2
EURREY B LPE(C=0) HEHEP RBRAF DT E > 7L T47 o

=1 +isi(0)—iDi(0) (3.12)

PRAEFI A LR ERER > T =T—e o @ e s 224 o)

AEEREYP R BT BELP RERAPHEDGEFE T AT 40T o

=1 +i8i(t)—iDi(t),Vte(0,T) (3.13)
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B2 st Z R 2t =t—g 0 @ ¢ 5 22F i) ehE o
GBld)Z 1 AEBREH P TP TRt > HFELP DT P E R E o

\V‘kﬂ

|, >0,vt[0,T) (3.14)

AT ERE LU, L 0 i T E P s ] Min jt:)Itdt o

BPRAEHRIEM A F IR AERKEE H 2R (r))y 2 A
M, g fip R o o WL BERFIRLE T L (r= ))EL 5 &Y
B BRTER RFEM, - X BRI EFFLpEF =027 > 2
" r=123,.,R j=123.R o

A AR AT, ﬁ‘%{b’“r”ﬁ By 82 7 KAy A A g iE
shenpE P EE S T oG 3% 0 Proposition 10 % kA rrg R4 E T KA 6 AT
PR P BRI R D) i 4 2
Proposition 1 ¥+ Ja 4+ L PR Y BT Y S F e e BRER
Bt I EgEabp o v i émiwﬁ:ilvl,.*v?ﬁﬁﬁfm* T ¢ Gf@ahp iy
FRhokEER SR 2P r=123,.,R>0<t<T-1> j=123,.R -
Proof. (B2 P criB4223% "4 A) m

4 Proposition 1+ 7 Mgzt =t} =t =..=t7 =0 » 4oyt *7F R4y
TR TP PR EgFE AR ZREA ] >R TER B FH R
Bl it T Min [T 1dt o & Theorem 1 @M 427 § ikl i > ikl
B2 {é > Theorem 1 ¢ 2 KEFEF b p S ey fok# o
Theorem 1 feg& i@ =k p cf 175 bR 8 5

j=1 | r=l1
r>j

i ifr,jB(t,- —tr)}iFmB(t, —tj)} (3.15)
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B AT RSFM, £ AER AT N AR ik O 1 R
FAM s BT 3[\—1 V1, (t) 4 7 # AR (R /g KL -
Proof. (¥32 P i #27% "4 B) m

% Theorem 12 ¢ » 5 7 S HNEES T > BRt 2, >t 2.2t ©

|

P e R, T T E R R T A A )

it o

AAF P AR ﬁ’i/ésﬁ’ff—ﬁ@é}érﬁ@ 73 N2 BuFip fe it fe ¢ R

ﬂé’P\’/l?%‘J\—E‘ ‘%L ttt3 tﬁlﬁ’%}UT__&P\’ ‘NI}%\ﬁk‘]LO

RE Propositionl % Theorem 1 ehdezh » ¢ &7 K@t t2 62, thiE
ol

02520200
’&_%3\25 '—3‘1‘ j’*‘J"r&’tfr'ﬁ L l-‘};@;ééﬂ M'rqﬁ it ]? 4 s ﬂ\xif‘?i}gﬁ% o
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Fri EFHEG e S AEGN A4

AFEABEFR AT ERLEY T3 T g A A & IEERE
%$ﬁxgkﬁ£%@%$ij%imﬁiaﬁ’i% VA EER
g'_,

T e A A o B F LT TR A AV HEE 1 g A .

41 HEH P E

AEAHERA TR T TR F A hd A FRERE S AEE
RN

CERFAASKP/AE AR BT EEF SR iR
P A oo drarg A RIE P o T OF R E ERsacnT 3ok

411 R AERBTRESATBC P AR
Bk a3k B 2 A (setup cost in supply port) DA DR R TR B
AL S R R RS AN R S DR B R N
HiFFRS 2 s A o
&8 ok o % = & (port charge in supply port) @ &4y i > BB
HTF N B A A o

B A E BT TIOWE A ABB T B X APEE AT 47 4o

> Ay B @

(4.1)2 Fmip B4 F4F Cl -

412 ER/F Ri; A iE «é’“’?‘tié‘j"’k’/ﬁr * oA
$F 2k ek B & A (setup costin hub): &/ 3 by T3 2k 97 Z fads ok
AT F e iR & AR AR R AN RS R
FTEFS 2 g ko

$EE hehjk v F % & A (port charge in hub) @ /7 Rodp i~ i 1E ko
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SE AL R N
W/ A TSR E S ARET F Y S AR AT A7

Je T

h h

ﬁAr R
YAy

- =t

R Arh
; B 4.2)

—

(4.2)2 F it B AEF 5B e C2 -

413 BRIG R AT RBITRE S AHBT B 54
7 FB gk B = A (setup cost in demand port) ¢ B/ F Fdp T F A AT
FEEGEL /P BETTROFTA MG R/ RE AN RS
S AEH T AR A
7 Fp e o B % 2 A (port charge in demand port) @ /7 FdyiE ~
FRBATFTONBF AR
ER/E R g R TR X AEBEC T X RNEENT 4

T HCTF

Z >@,) 2@,) 2@,)

ieR, R R
|¢O ,h |¢O h |¢O h

_ L. et 43
T r=1 t r=1 2P' B ( )

(4.3)2 Fimit B A2 S B iér C3 -

414 BB~ T RBEEELDER /R S 4
B g B /e B & A (loading/unloading cost in supply port) @ i 4y
Y S CAEE I A e SR SRS R N A et
BRSO L ARG S AT E R SR )
7 Jk ehdr i 2 A (unloading cost in demand port) @ &/ F fdn 3l F K
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BEEFFEREFL SR AT ROA LT R EBEET A
AIE B = SR TR o

#1382k B /9 | = & (loading/unloading cost in hub) : & &/ § Fdy &
CEERRFI L BEEH P EE A DN el FA A p g et
IFHFAPERTF XA S AR LD S REY ) o

BB T TIEE S S T AT AT
R
Z C(l)_j,jDOj (4.4)
j=1
7 oRET 123, PIT S o A (P F N F A T AT

> ClD, (4.5)

(03 R G F %.“ ;A THEE N AT AT

M;U\
.M;U‘

C:.D, (4.6)

WE LT S A e T A e

R R
Z ChL,th,j + Z;Chl_,k Di,k (4.7)

j=1 ieR; )
i=h k#j

(4.5)31(4. )2 F ot LB AF 5 R 4 C4 -

415 BR/FREEM SHBEF RESGLFF = 2

GREFG R R IHE G LT ARV PR AT 2 P ARG
e g A F2 AERFEN DERESE T RE -

#AR A ZF REC ILIeRHTRAFEM, =123, R o5 f 55

bo@l 4.1 2 o
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1

EREBO M RSFEM 3 (W FEEEO ERAFHEM )i
B 4.2 #77% o

Inventory
A
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Bl 4.2 Rk O % Ri# M, dig § 5
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Inventory
A

»
»

Time

t
M 4.3 BEREOHMRFFM,,j=23.R i 5

1

HEBAER,R R P ILT fes LT [

BT KRN BEREE T BTG [ 45 2 A (average holding
cost for supply and demand port in supply/demand interval) ern#c & ;8 ¥ £ 7+ 4o

L

%{i(tr){Hor,rDO, +(iHo,,jDo,,jﬂ} %i >, )ZD H. (4.8)

j=1 ieR,
|¢O ,h

(4.8)2 F it B AEF SR e C5 -

416 T p it | 3

BT ER R OTERT T RART D BB
e g A A o

8 enT 327 B 3F 5 = & (average holding cost in hub) e #c g ;4 & 4

VA ALY

>H pi;q[<«4ﬁ+;;q{(p4@ (4.9)
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(4.9)2 F it EiB A2 5B e Co -

HiF T 307G P45 & A Z 445 % = F i Theorem 1 g % o

b pF A ER/F R EE R R e g A ko g

Erenfmizgrn P Rk Ra G i 5 A AEEHE SRR
%)

B/ G EEER AT S
supply/demand interval) er#ic & ;¢

g5 o]

(4.10)2 it FiB /23 5 B ' C7

7 b = & (average in-transit cost in

B
¥ 7\'7F‘£1\7'T :

418 £#X &
BES A R AAEE TR T Ak R FREE 2 e
X o

B/ F KRB RPN ahT B E F 2 A (average queuing cost in
supply/demand interval) 5@ 8 ;8 ¥ & 7 40T

R R R R
Z;(trZ;H rDor,j)_Z(frzH;nDo,,jj
r= j=

(4.11)
(4.11)2 FHimie B AR 5B e C8 o

419 Tiam A A
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R Ar R AN R ;igh R Pl R
TC(tw yoeeest )=2_+2_+z +ZCOL jDO + ZCILJDIJ +
r=1 tr r=1 tr =1 tr -1 ! ! i-1 j=1
R R
ZI:ZCO .i~0.j ZI: C|'I1_,th] +_ZR:kZI:CthD|k
Y d ion’ k=]
R 1 R R
+_ Z(t )|:H D +(ZHO JDO,,j):| +EZ Z (tr)ZDIJHIJ
=1 r=1| iR, =1
i#0, ,h

+

SH zzq[(«4ﬁ+lmn[(p4@

j=1 r=jieR r R

(triHrDOr,jj—i(friH;“Doﬁjj (4.12)

4.1.10 *T4| 30
AR B RIS R TR
ik s RN BFF U AT
RO BRI e} I R E L ARG SR
WR o PREGRI ALY DR HRFRETL R DM R LA REF
Fez EARL > BHERA G G N AR

iEZR:Hi,jDi,i ZHthR:Di,j (4.13)
i=h' ish’

AR AR R/ E R A it /R R L o

t >f »r=12,.,R (4.14)
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AR R R/ E L B & 2 & Kk (Power-of-Two) » & P 7 FE 7 12
RES - 25 Bl Y HEFRAIEERBEDREFEITY { 2 #
> P2 HESIAAMAE B4l kit e AeY ok LB R/ E R
FIETT o

t =k B=2"B > P 532§ &#> BeR > r=1,23..R (4.15)

AP F T IEES AfN P o LB R/ T R R, e
B g i3 e enT 50 S A i o (412) (B Rt 2t 2t 22t FAT
BN DT IEE S A S N PRSI RS AL T AR o 50
37 iR ehit /g R IR FVER T o T35 A A HE g
i NP R-TIae N K> kB EPGET L AR BT EE R FFBUE R A2

T Ea A o

4.1.11 &FHS

minimize * TC(t,t,,t,,...,t.)

R R h R ieR, R P| R
SAGA S LSes b, <5 5k,
r=lI tr r=1 tr r=1 tr j=1 I ! i=l j=1
R R . R ) R )
+ZZI:CQ JDOr,i +Z Ch,J Dh j + 'ZRkZCh kD| k
r=l j= j=1 ieR; k=1
izh k#j

ieR,
|¢O ,h

+§{i<tr>{Ho,,rDo,+(iHor,,-Dor ﬂ} DIDNEILICH

+R H] SYD, { (tj—tr)}iZDi,jB(ﬁ—t])}

r=j |eR r=1 ieR,
i=h

5zt o))zl S, )

3
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+Z(trZH;“Do”j -> frZH;”Dopjj (4.16)

Subjectto: > H, D, >H' > D, (4.17)
<R, i<R,
ieh ieh
t > »r=12,.,R (4.18)
t =kB=2"B P 52 f K#i>BeR rr=123.,R (419

42 T 3ok 4 AN chfrE
BAR419 &R @I mE Sk J{IE FhFR AR T, F 4
Rp_,,rr]_li’h:,\. ﬂ&:}.ﬁio—%pq{ﬂmxkﬁimd\' j\’}’ﬁ_\"hf'—r ’ r—123 R

Z(ai,r)
. Ar Arh :igr,,h L R L R L
TC(tr) - t_ + t_ Tt Co,,rDor + Z Z Ci,jDi,j + ; Cor,jDOr,i +

t ieR,  jl
r r r i=0, h

Mm\
T
(@]
TOU
Pl
H/_/
+
|~
M
M:m
T
o

ChrDhr+ZZCth + {H D +(

ieR, k=1
|¢h k#r

r R r
+ -2 20 [|[+2| H/ XD -2 | H/ XD,
2 jl’ IeR ' i=1| ieR; j=r J!eR, N i=1 leR
|¢h i=h i=h izh"
R R
ZR r O| |r):|+ZR|:h|( 1ZH D J +tr(leijO,j _(frleijO,Jj
ie j=Ljer i= i=

FEAUE R A A RE R S A SRR E ARG SR e D
FUR RN I s SELUESAE L ﬂ?’r P fics — 7 4 33 Hc(separable function)
2 xF=o e MENEAN L FE? L& EHuF R 2 A2 R T a8 Ko™

_4] -



Y,,
TC(t, )_

=Y., , r=123,..,R (4.21)
10,
2,r = C(I)-,,r O, + z ZQLJ i,j +ZC(|)_,,jDO,,j +ChL,r Dh,r + ZZCth Di,k (423)

ieR,
izh

j[H D, } (4.24)

R
Y4,r = |: H rmto,,i Di,r ):| + |:th,i( Z H ;nDi,j j:| (4.25)
ieR, ieR, j=Lj=r

Y. =% H"D, . (4.26)
=
Y, ={ Y HD, (4.27)
=
Tiam A A TC(, L, ) = Z( J (4.28)
Flat =k B=2"B » (4.28)7 1 & 7 4o
TC(k ,B) = Y Y ) (Y, Y, =Y (4.29)

He 5 k =2"B» PE2Lf > BeR > r=123,...,R -
r r +
ik e AT s SRR e g B - PR B E 2 (the

first-order necessary condition) -
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dTC(kr’B) :_ Lr +kr(Y3r +Y5r):O
dB k B ’ ’

)= FF b 4 if 2 (the second-order sufficient condition)i% %_

d*TC(k,,B) 2Y,,
dB> kB’

>0

#7112 TC(K,,B) €~ B e 3 #e(convex function) o

dTC(k ,B) , .1 Y,
bl OpF s ¢ BB =— |
=B AIREEE =y

popEE e A ATC(K, B =2, (Y, +Y, ) +(Y,, +Y,, =Y,,)

Hlu| X AT E Sk

(4.30)

4.31)

(4.32)

(4.33)

Kol HHE ERUER AR hd AN P chdlic RF D EA T

2| g5

\\\Xy

Beent fE 0 FFEP R AR f L £ o

ieR
i#0, ,h

I Y, =A+A" +[Z(a”)} >0 &r=123,.,R

j=1 j=1
h

R R
2. Y3,r +Y5,r :% Ho,,rDor +(ZH0,,1D0,,1)+ Z ZHI,jDI,jJ
ieR, ]
i=0,,

IeR
|;=h

IER
izh'

j=r| ieR;

izh

j=1 =r ieR,

i#h

—

(D% r=S+1S+2, .RpF> H' =H"=D, =D, , =H,, =0

r

2 ieR j=1 j=1 ieR,
i#0, ,h i=h

Y3’r+Y’r:l {ZiH D, ] i(H >.D, J

(4.34)



ieR ieR
i=h i=h

:% [ZiHi,jDi,j)_i[HFzDu) % Z(ZH D _H ZDIJ] (4.36)

¥ h
715 3 H,D, 2H] 3D,
oy oy

j=1| ieR ieR,
izh'

STILY, + Y, Z(ZH D.,—H, ZD ] >0

1 R R
Y3S+YSS—E H,. Do +(ZHo JDOSJJF Z YH. D, |+
= :igss,hH
) R s R s R o
1|3 20, -3 30, ||+ HIZD, |3 HIZD, [+ 2 H D,
e BN ‘= o LR )
1 s s
:5 H, <D, +(ZHOSJDOSJJ+ z > H. D,
. o
R S
HQ ZS: ZR:Di,s _Zl: ZR:Di,s +HhZR:D|s Z[HhZR:D'JJ 21: 'DOS,j

2 j=s| ieR, i1 | iR
i#h i#h

1 S R S
=—JH, <D, +[ZZ;HHDM}+ HY | 2D |[-H$Y| 2 D,

ieRg ieRg
izh i=h

S
+H{> D, - Z[H > D, } +Z;H?Dos,j (4.37)
=

Y h
715 3H, D, 2H] 3D,
ioh" izh’

ieRs j=1 j=1 ieRg
izh i=h

j=1| ieRg ieRg
i=h izh

ey ZZH D, ZS:[H:‘ZD J ZS:[ZHHDU—H?ZD”JZO
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m H
ieR, ieR, ieRg r=1ieR
izh i=h |¢h izh
S b S
_HOSS ZZDLS ZHSZ ZDIS
r=1ieR j=1| ieR;
ih izh
h S
~ L =4
mpHy Dy —H!Y I SD (20 0 #12Y, +Y, >0
i=1| ieR;
i=h

Ry s T gy, +Y,, 200 Ar=123,.,R

3. Y, +Y,, =Y, =C! D, +ZZC D, . +ZCO Do ;+C., Dy,

ieR, j=1
|¢O ,h

+Y3SCiD, [Z(H, o ”)}+Z{h(ZH D, ﬂ—frji:H;“Dopj (4.38)

ieR, k=1 ieR, ieR, j=1,j=r
izh' ker
Y E L oA f Ar = R
Fla Dt + ot gikx 3 oY, +Y, -Y, >0 ar=123..R -
ieR, ieR,
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AR ECF R R 0 KRB E R R4AY f @ BA B AR
e Z FRGDEREBET (545 13 8) AR F 7R 6 $Heand L g fram
AR B R/ G RFERRIE > Ak IE AR T o T 3ak A A
TC.r(k,,B) e dFm g ddl - BERCHFNFEZE & % 524 F ot ehfk &
2LIZ & (junction point) » 43 ) — % KR F i phf M E i B4 b AT
ik, Bt > R AR POER/F REFERFFL G, LSS ER Y
PR TR A AR 0 T A B &G KRR o

AERFEELT DF S SALEREDE R X FAHE
(Common Cycle Approach) » & 45 4.1.9 éf‘ﬂ’“riﬁ-:' 1zo T 3ak S Atk B (upper
bound) 528 AN SR E RN EEEE DR BEZ S RP

AR E e BB § 53 & 48 o Aafe M T % 2

#Eﬁiﬁ—‘\f CENFEEE  RPRFAFEZOBERR XA -
B AkPRE P2 BRZES T BFR2TILER ¥ 54 &
- BEEGIRP AR TR D I R RS .

5.1 £ 3 i
APT R ERFHZFH AL ST EN 2 TEE S A oot
é{&i%é&@@ﬁmh*;1ﬁ%m’aw%¢¢ﬁ@ﬁﬁwﬁ@
S b PG KB o AR

2

f
R Lt =2"B=B>P =0>H7 r=123,.,R -2 k& LizB i@
El

TR RAFHnPF LR AP HKA T T UEHNYREE B R
(independent solution) v SR 425N (4.26) 0 £ TC(B) 5 £ it # 2 el o
PR A T 5T R RN T A A B e T 0 A A G
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r, ’ L
' D
r=1 r=1 B r=1 B j=1 €3 ©
[Pl R R R R R
+ 12C|LJD|J+ZIZ;C$JDO,,1+Z Cl:_thJ+_szzC:kD|k
i=l j= r=l j= j=l1 i€R; :1_
i=h k=]
1 R R 1 R R
+§ Z(B) HO rDO +(ZHO JDOr,jj +EZ ; (B)zHllej
r=1 j=1 r=1| ieR, j=1
i=0,,h
R B R r R r
JrzE H 2 ZR:D -2 .ZR:DU +2 Hj‘_ZR:D,J -2 HT_ZR:D.,
r=1 j=r| ieR; J=1| ieR; j=r ieR, j=1 ieR,
i=h i=h i=h i=h

+ZR: BZR:HTDO,JJ_ZR:(&ZR:H?DOUJJ (5-1)

Z =S A+3A +i[2(ai,r>} (5.2)

sl z[zDJz[zDJ i[ za} z{H za} e

izh

R Pl R R R R R
Z3:zlcéj,jDOj+ IZ:‘CuLJD-J'i_Zl:ZICS jDO J+Z; CthDhj +ZR;CF:_kD|k
d - - g o’ ke
R o R o R R o
+z |:Z(H tOIDr):|+Z|:th,i( ZH]DI]j:| _Z(frZHJDO jj (54)
r=1 ieR, ieR, j=1,j=r r=1 j=1
R * 1 TC_(B)==1+BZ,+Z (5.5)

_47 -



HeZ.7.2. % ¥ i o

dTC. (B [z
gg—cB”zo%,gwmi@B: 7 (5.6)
fhr s oA ket B ETC.(B)=24Z.Z, +Z, (5.7)
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52 AE L4l FRbl i A [ RARF I 22

& & 14 Teng(2005) e 3 5 AR > #7375 38 i sl ¥ sl iE 3 B AF
BAHS c F ABRR AL 220 T > FEERE S A Sy R
TC(k,,B) sham 2 5 » & 454 & P 3% & BE(junction point)# 2 i ¥ ~ 4rie
PR ARIT R £ B2 e AT [ dik, R REOF R R o Y YR T
F OV A ek K/ F Rt < P ER R R X BB
PELAFEDS DB EfE > Wi BAE Ry fedl EE A )RR R AR
o v Bk o o

521 $¥® %
BOAEHAE R psa Y fedl B i BT B EARHC Y h SRR o liéii
FFE P o BT FRF SR (& 3.1) A& 435 Assumption 1%
WAL 3 NERTRE(ER S A 4 2 Rl ek 5.1 o

X AP "L [F]
“r4 & v F K% (TEU/E) (500,2000)
i A E E T S A (1,2)
hipt RERE oG G A (8,10)
WEEE G T EG A (0.6,1)
ERBELE S AZBT F Y A A (600,800)
WELRE S ABEC F 2 A (700,1000)
TRERE S ABBEC T 2 A (600,800)
S B T LT EE () (0.01,0.1)
STk T ERE A (0.1,0.5)
L ECEUE Ul NE I NEN (0.15,0.25)
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%52 ik cFR

D, M, M, M M,
0, 0 1606 0 1923
(1,1) 460 496 0 499
(1,2) 463 462 0 500
(1,3) 464 479 0 447
(1,4) 419 497 0 428
0, 1632 0 0 1693
(2,1) 442 424 0 447
(2,2) 433 450 0 413
(2,3) 445 456 0 430
(2,4) 463 494 0 439

o, 0 0 0 0
3,1) 406 417 0 446
(3,2) 462 405 0 422
(3,3) 438 452 0 425
(3,4) 452 409 0 492

0, 1751 1882 0 0
(4,1) 481 411 0 479
(4,2) 500 437 0 453
(4,3) 477 428 0 456
(4,4) 488 429 0 496
sum 10676 10634 0 10888
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£53 M prEHEeGEET A

Lj M, M, M, M,
0, 1.59 1.93 0 1.79
(1,1) 1.67 1.31 0 1.45
(1,2) 1.69 1.3 0 1.45
(1,3) 1.64 1.24 0 1.39
(1,4) 1.61 1.29 0 1.45
0, 1.25 1.91 0 1.52
2,1) 1.6 1.31 0 1.37
(2,2) 1.67 1.23 0 1.44
(2,3) 1.61 1.3 0 1.36
(2,4) 1.62 1.25 0 1.45

0, 0 0 0 0
(3.,1) 1.66 1.24 0 1.37
(3,2) 1.69 1.26 0 1.43
(3,3) 1.69 1.29 0 1.4
(3,4) 1.64 1.28 0 1.42
O, 1.69 1.25 0 1.44
4,1) 1.65 1.32 0 1.42
(4,2) 1.69 1.24 0 1.38
(4,3) 1.63 1.3 0 1.42
(4,4) 1.69 1.25 0 1.44

254 banpa@RsIcen iy L
M, | M, | M, | M,
H' | 84 | 83 0 9.9
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%55 HELFHE G EFET S A

M M M M

1 2 3 4

H' | 07 | 0.8 0 0.9

%56 LERBHSREIASBEC T LA

R R R R

1 2 3 4

A 692 | 691 0 631

Pu)

%57 HEHORESALBEC R LA
R, R, R,

A" | 797 | 910 | 771 | 806

%58 FREBpORESAZBECFY LA

a,, R R, R, R,
1 280 | 380 | 593 | 341
2 246 | 388 | 568 191
3 285 | 411 711 303
4 296 | 403 | 702 | 234
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%59 #faupr PasniipRl,

AR

BT R ERERL B

il —

R ={0,,(LD),(1,2),(1,3),(14),h}

R ={0.005,0.02,0.045,0.06,0.08}

Rfl = {h,(194)9(1a3)9(1’2)’(191)901}

R ={0.02,0.035,0.06,0.075,0.08}

R, ={0,,(2,1),(2,2),(2,3),(2,4),h}

R,

{0.02,0.04,0.055,0.08,0.105}

R, ={h,(2,4),(2,3),(2,2),(2,1),0,} | R,={0.025,0.05,0.065,0.085,0.105}
R, ={0,,(3,1),(3,2),(3,3),(3,4),h} R,={0.025,0.05,0.06,0.085,0.105}
R =1{h,(3,4),(3,3),(3,2),(3,1),0,} R,={0.02,0.045,0.055,0.08,0.105}

R, ={0,.(4,1),(4,2),(4,3),(4,4),h}

R,={0.005,0.03,0.05,0.07,0.08}

R, =1{h,(4,4),(4,3),(4,2),(4,1),0, }

§4 ={0.01,0.03,0.05,0.075,0.08}
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2510 i pcEEEEF/ATE S A

M, M, M, M,
o} 0.3 0.19 0 0.25
(1,1) 0.26 0.46 0 0.36
(1,2) 0.49 0.38 0 0.5
(1,3) 0.43 0.27 0 0.48
(1,4) 0.39 0.32 0 0.49
0, 0.2 0.18 0 0.21
2,1) 0.26 0.5 0 0.39
(2,2) 0.37 0.49 0 0.26
(2,3) 0.28 0.43 0 0.26
(2,4) 0.45 0.41 0 0.43
0, 0 0 0 0
(3,1) 0.45 0.42 0 0.5
(3,2) 0.46 0.48 0 0.26
(3,3) 0.44 0.45 0 0.45
(3,4) 0.33 0.31 0 0.32
0, 0.23 0.22 0 0.13
(4,1) 0.38 0.48 0 0.44
(4,2) 0.32 0.4 0 0.5
(4,3) 0.49 0.35 0 0.39
(4,4) 0.31 0.3 0 0.46

2511 @HEREHEEF /A

M M M M

1 2 3 4

C, 0.23 | 0.24 0 0.24
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(4.15) 5] (420) 5+ ¢ > 29 R=4r

% 5.12 975 HuE AR diciE
r 1 2 3 4
Y., | 2605 | 3183 | 3345 | 2506
Y,, | 10023 |8339.3 | 3354.9 | 8342.2
Y., | 21465 | 17927 | 3303.9 | 7554.4
Y,, | 10701 | 13433 | 2296 | 11539
Y., | 32368 | 30470 | 0 | 30329
Y., [5178.816398.6| 0 |4852.6
145 (422) 7 @5
3 2605
TC(kp B)_ +k B(Y31 +Y ,1)+(Y2,1 +Y4 1 61)_
Y 3183
TC(kza B): k B +szW3,2 +Y5,2)+(Y2,2 +Y4 2 _Y6 )
2 2
Y 3345
TC(k3’ B): k:SB +k3 B(Y3,3 +Y5,3)+(Y2,3 +Y 3 - Y() ) k3B
A 2506
TC(k,,B)= " +K,B(Y,, +Y, )HY, ,+Y,, Y, )-ﬁw B(37883.4)+15028.6

4

5.2.2 & A ik Hl 7
145 5.2.1 )

-55-

4

+k B(53833)+15545.2

——+k,B(3303.9) +5650.9

&2 38 ¥ > ”Lrgrl\ BB 0 Ao AT

=1,23,.4 7

5 ——+k,B(48397)+15373.7



TC(k2,B)

TGk B)

3_ -
2 | | | | | | | | |
0 0oz 004 008 003 04 012 014 016 018 02
B
B5.1 TC(k,B): ¥ & Litd s
3_ .
2 | | 1 | | | | | |
0 00z o004 0o0s 003 04 012 014 0168 018 02

B

B5.2 TC(k,B) 3 £ MLitd 5
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TCik3 B)

0.5
a

TCikd B

0.2 0.4 0.6

0.9
B

1 12 1.4 16

B15.3 TC(k,B) % HEMitd @

2
a

| | 1 |
o0z 004 005 003

0.1
B

| | | |
012 014 016 0.8

B15.4 TC(K,B)% e MiEd @

-57-
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N E ERAERAET It T L A &l 4o 4255 (5.8)4FF o

POT r

Y
(. B)= Mk BOY,, + Y, ) H(Y, Y, =Y, ) (538)

r

Ao FRRT o AT - B B EFT T RE - BhkiE Rk
(optimal multiplier)k, » i 2 & ] it £ A 3 #TC, . (K ,B) o 2 4305 i i
FEIEL 0 RATCoy, (B) 5 fm BEL B ET » o cnd & Skt - 4o 42
F(5.9)4 77 o

PoT,r

TC .y, (B) = min{TC,,,, (k,.B)} (5.9)

Proposition 2 : TC ., (B) f B #_& 37 * & b+ & #ie(piece-wise convex)

Y
Proof. #1% TC, . . (k,,B)= kLI:% +K B(Y,, +Y, )Y, +Y,, =Y, ) T i EE

Bk 2 fBg ] 24 ®TC PoT,r(B) o ik B AT S B E - PE B
v 2 P B TC(K, ,B) &~ 3 vl & fie(convex

z ‘]‘”b"u/\fu-l—": R &42
function) > & F - B F B B Ao

B'=— [—— 5.10
I(r Y3,r +Y5,r ( )

EPOT,r(B) ﬁjﬁ" fﬁ ;\' j\ T“E‘!\

TC Po = mBin {EPOTJ’(B)} = 2\/Yl,r (Y3,r +Y5,r) +(Y2,r +Y4,r _Y6,r) (511)

——PoT,

Bk k A h- BHEFETHB ZREY o L 3ETC, (k,B) ek iE ek,

-58 -



B0 4 Y(k)=argmin{TC, (k,,B)} - ¥z iE & - Bk & TC,  (k,B)¥
Ba % &- BANT A 3o~ F1ZTC,, (B)=min{TC,, (k,B)} »
Y (k) - RS EFBNT R R S LY (k) LB R IEE A o T
2 TCo (B)Ld 3 5 7 I k eNTC(k,,B) dniciTin 3 » “711TC o (B) $f B
"g'—\—?— ﬁ); H-F;[m‘ktlﬁ'rg{ °Hh

& 7 3P Proposition 2> #-TC . (K,,B) S BB 2% ) > 4- ] 5.5 #7171 o

4 IECE WISE CONVER
% 10 PIECE_WISE_

845

TC(k2.5)

4.5

| | | | | | | |
a no0Z o004 005 003 01 012 014 016 0418 02
B

3.5

W 5.5 EPOT,r(kzﬂ B) SEBTE SOy

F b 48R 5 S AR (5.12)

TC,, (B)=3TC,.,,(B) = [miniTC,,, (. .B)}] (5.12)

Tk A2 Proposition 3 3L TC,, (B) ik i i it -
Proposition 3 : TC,(B) %f B & & 3 # £ /b4 3 Hc(piece-wise convex)
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R
Proof. %%~ & B &7 » TC,, (B) = & & # A TC,, (B)=>TC,(B) >

ﬁ — I3
A D TCor,(B) LR IELF ¥ RS fcinife > FWTC, (B)+ L& 7 &
r=1

-F;» :”rl“ixﬁ'vﬁi °

524 BEMEHmA T
N E e BRTC,, (B) S R B BEY § 45 Bl S
VR B o BTC,, (B) 3 dc? » §F 30 s E

PRSIV gk Ed kK#ES2KkF €7 +mg4o:\m3
¥ ’?'J’ﬂ (58) » - T]} *E} mk lE’ el Fa s ﬂ\\.l\rﬁ;(#fl ,)é- ’f |g| mé@ i

2B L B ho(5.13)0 7 o

A.(k,B)=TC,, (k,B)-TC

Y
(ZkrDB):z - _krB(Y3,r+Y5,r) (513)

PoT,r PoT,r

%0 BAPROK EnT A ASiL B RF Aonien BB A
Q;ﬁigifﬁfﬁfﬁ’ﬁ%ﬁ AL E HArh =8 do(5.14)9 777 o

1 Y
5,(2")= X - (5.14)

ol S (k =2") B uFip A7 gk fick &2 2k 2 B eni & g o
BRITC o (B) e ] 18> % B2S,(27)PF > S ik ehafdicq k =27 5 4p & e
B B<o Q") B ik e 2k =27 o
Lemma 1: Bk k© 22 k™ 4w TC,, (B) dficdk: & ez f8 4 ¥ ek
#io B k(L)—Zk(R) o

Proof st i v 0 g Kk =1,2,4,..,27 277 2" pF o L BEE 5 0T anfd ik
5& o
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5.(2")<..<8.(2"")<8.(2")<...<58.(4)<6.(2)<5.(1) (5.15)
Lx - BERH B E - 2k K(B)ETC,, ,(B) i & f#ico d
PRI @ 2 (S5 1 B8 gL

T
proposition 2 ¥ 5> TC . r(B) 75
75k (B) » 4o #57 o

HVIE B X ‘] B Iy, 2} 3 g

I if B>J (1)
Ko =13 nu o . (5.16)
25 i 5. (2%")<B<s,.(2%), for P =0,1,2,...,V,

4 (5.16)7 1 # e kV=2k™ - m

Proposition 4: TC,, (B) = & Jnfcenix & B> € MK 975 R ARS8, TC,,; ,(B)
% £ 8k o

Proof. ' ¥ L3P 4§ WETC,, (B) & & e} ch— B2 L8 Plwe ¢ &
TC,,(B) = &~ Sific b th— B L& L WESFRL R - BRLZE

z

AW H s R-1iEH 8 WH B0 Perddsge B 3h- Be>00 1

1. lw—ew+e]mRpE o 2458k YTC,, (B) Lihitdlic» 5 405

j#r
~ EHUERAZR (j# 1) TC o ;(B) Rid B % B A0 S e o

2. tfw—e,w|& [Ww+e] BP0 2 & S0BTC,;, (B) Sk o

7 IR A w-g,w]| [w,wre] TR - TC,, (B)=DTC,yr (B)+TC,,; , (B)

=
PR e #70 WRTC, (B) & & ek & o Bt TC, (B)
F A Senie £ 8L § I @ A2 S KTC, (B) iR E B o m

Theorem 2 : i3k K& g2 K™ 4wl £ - 2 TC,( (B) S #icds & Bhih > i & + if
gk e B F kY =2k o

Proof. Theorem 2 #_Lemma 1 £ Proposition 4 #74 24 h2 % - m
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525 hitk &2
B w, gw,  ZTC, (B)Jn#k? id pipde b8 A F W, <W, @
ko AEw, W, JRFN - ehdhEkd s #ktas o 4B
(W, . W, 1% & Pk 388 id f2 0 1995 TC,, (B) t[w, W, 1% & p E 5
B> T RNBEBE ARRANE Y - B o Ak T 0 H
TC,,, (B) e » 4+ 4%+ B iv— el » £ 2 5 00 ¥ 85| B0 i f2 40T #7

T °

B= f (5.17)

¢ Ee[wmrﬂ,w ) o R TC,.(B) ek 30 i fiZ o
5.2.6 1 j% + }
A5 S, RNPER Y E b kiE TR AR o £ il
/2‘ Z\ T MTP J}’ mﬂruLF'&FlﬁbEEF'&’yKn\#ﬁﬂ?'m'f L) B ;f" iﬁplz. ]F"h’uj;“[—i:‘l
__': ;IL BCC ) —&r—f ’:’Tﬂ“ o

R
Z ZYl,r

i e (5.18)
RSN (e

r=1

Hoe Xm0 51 & 977 o

T FERARR k¥ i ﬁ‘*n—;‘* iEEUE R AR B FRL ?KKB AR 2
oo gt pE 25N (5.18) 8 * & e ik 8P E efE
Proposition5 : % B i+ 3t B pF » TC,;(B) = & S #ix 7 5 I%E i f2
Proof. & Proposition 3> TC, (B)¥ B #_ & 7 » £y dnfic > #7010 238 B i
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% (global optimal solution)- Z_&_H ¢ — i & % & & % (local minimum

solution) > @ ® E 2ME MR FfEY e @iz wik) o A

rlr=l1

5 B Atk =10 0 @ B({k D A tik L, ok 21

) < i e g({kr})g B ° (B, 0)% B P& >

TC.,;(B) * A 3ndcil § Mtk 42 - m
195 > 4254 (5.18)% Proposition 3 > ¥ (B3| - BHeF F R > Flt L 0F
P T i (Bl ,00) T [ 0 o Bl RA4EH chde gk o

5.2.7 ¥ 1t iE &gk >
124% Theorem 3> B, : TC,,(B) &#c® & X chk ¥ b i3 £ B /2 5
WETRITLFEE R

Theorem 3 : TC, (B) & & Sndicch » e & 447 v ¢ 57+ (B, /2,B. ]
oo

“ o,

ED

Proof. {B,|# 7 (516~ /| # & év’v‘épié‘*ﬁxfiﬁié % BB <B.,Vi-F > B 4
TTC,;(B) 3#c? S~ % b G A PRI K > e gRa
- BAAE TEHB /208 KA REk: 2K m—ﬁ;ﬁz& o F]pt TC,. (B)
Sk SR ho kA AA Faw g (B /2B Rm s r B /20T
® A Sl REBEE A e R EAFNIR o m

528 $F K2R aH R
AE DR HFIAE R A E 3 B AT R AR RO 0 Ao v ek
RIBEBT > BRA R s § RiFRME A 2 3 RF 4 RFF A
FEFHFAMFREEFF AN L AiE R HOF S A fiE ) ik &
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AAFHB @ T8 ATC, (B) & 5] 2 % B4 o
LB, AIHEBEMEAY B B ERE(0,B, R o AHF hiEAR

dORGBR ANt >t >t >t 0 AP E L R B, BT HEE o 4 2

L

1. 4+ R B, ATHIF -

2. HF F IR B UL >t >t >t -

3. rE AR GfRLAF @I fRY B i f-ﬁ‘u{TCPM(K B, )& | ehit o

4. FRELFIEPFB L HFE -

WHRFE 2B B4 F > GIOFEMLY BB L 2L 2t >t 0 5 %
B&HEKk2k 2k 2k, o AP K ={LLLL B 4edF » 2 (54448 8L
FHoF o

WHFFE 2B RAIEF > LIOFERLY L5 L2t >t >t, 0 » e
BB Ak 2k 2k 2k, o A K = {LLLI B4sd0F > 2 (54458 & ans
xR LS i T iar > FiBEEL KL 513 Fa
5,(1)=0.15555 - Fl st >t, >t >t, » KO B4k K & 5 2k =23
FAU LS (1) AbEeBRAE2 3 2 4h ARY 0 £ B S Ak (o

15 Bl 5.6 = AR, 0 ¥ LaeiE O(1) hdiB ik AR 2 ch ARBlY 0 B
F B A Ak, =2 0 F A& EK >k >k >k, > riuk =k, =2 0 hsnidik
3 hd ARY 0BG E) Ak =8 F LG22t >t 0 B
k=k,=2 > AdniBiddz 4 H3 2B ¢ » 24 b £ &k =2 F
K,={2222} -

EEFRSQB AT K, B F Ak =4 13358 565 7 i 5,(2) &
B RARD A AP 0B G B X Ak, =400k Tk 2k, o 8 i 5,(2)
hAUERAR 3 R ABY 0 B E) 2 Ak =16 0 2 % Z K, 2k, 0 #T
ki =k, =4 o #F wif 6,2) bbuF R 2 4 S AW o LG A A
k, =4 % &k, >k, » #r1uk, =k, =4 o F]pt K, ={4,444} o

T EF RSO AEK B @) E K, B ERF T 2 o .
Mg fRE RPER R REF o
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BB HOE ) BT AT o

#5 1

DIOEH A dpaE 2

(@fi=1-
(b)d (5.18)3*

B&Wﬁﬁﬁ’\1=k=ww}“¢58—mk)£W%AK,J

CMEFEDT

PR R T L

K =

=tk gr

=1,2,.,R ¥ Bk >k _

@%i=i+1>r=0-

(b)ysr=r+1-

(C)%" kr < kr+1

(d)Er<R > 3
B3 B LRk RE AR T
ﬁ’"iﬁ*( PoT » PoT

HF 4

529 ¥z
’]“531}7%; 5.2 m%ﬂ ]

’ E]'Jk

r+l

=k

FAE W A

TC,; (B) !} #r3 chi & 8L o j¥d0x + J

2 1 ik b

o

L *@k# f2E€ %

=X 1\14 mﬁ

¥ )

BL5 () b ik f B LK o H Y

% Z(b)- E R+ ¥ B =B(K) TC

b E L

E [EREE 3]

PoT

e R4 E AR -

v L

T2y

%513 TC.,(B)¢ s} 2 4 &8

(K.,B) »#l# 23
HApde TR wHA2o
mln{'I'CF,OT (Ki,gi )} °

jﬁﬁuﬁ'gﬁg&"‘{’

DR R BT g B 0 W e BT

¥ A4 I TC,, (B) ¥ &L+ #iF ik & B 2:5,(i) K, & -

AT 0,(1) 0.(2) 0.(3) 0.(4) 0.(5) 0,(6) 0.(7)
1 0.15555 1 0.07778 | 0.03889 | 0.01944 | 0.00972 | 0.00486 | 0.00243
2 0.18134 | 0.09067 | 0.04534 | 0.02267 | 0.01133 | 0.00567 | 0.00283
3 0.71149 | 0.35574 | 0.17787 | 0.08894 | 0.04447 | 0.02223 | 0.01112
4 0.18187 | 0.09093 | 0.04547 | 0.02273 | 0.01137 | 0.00568 | 0.00284
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%514 #uBikdzl oty £ 486,(0) 2K &
K, K, K, K, K. K, K. K,
K, 1 2 4 8 16 32 64 128
k, 1 2 4 8 16 32 64 128
K, 1 8 16 32 64 128 128 128
K, 1 2 4 8 16 32 64 128

AE P B D E ) FAcT T o
# * S E K
(@ i=1¢
(b)3+ & B,

FOF 47 hpaE > Bl L S S E

=0.28488 » 11 2 3+ & A1 TC, (B)} #7% chi £ 8> 4o 5.13
STon o AAEE R Bl B AsdEE > 2 pEK ={LLL1 > B =B ¥
B, =B(K,)=0.28488 2 TC, (K,,B,) =133310 -

v

5.5 () ol & K o ik 5.14
=1,2,.,R & % Bk >k _ 6 r24] o

HH D EP AT R A | i
# v |<i::{k }
@4 i=i+1=2>r=0-

“ror 0 B
b)2r=r+l=1- K, ={2,282} -
(c)Ek,=2<k, =8 Bk, =k, =2 -
(d)%”r<§:4’iljﬂ’93?(b) ' E

TC,, (K,,B,)=133310 - 4= % 5.15 #r7 > $|#% 2 3 -

WEE R o

B K ={2222- B =B(K,)=0.28488
LL Bé;- “ /ﬁ ikr 2 kr+1

F 3w B ER Aok NIEAFE PIH B4 TR R HF2
ﬂ'b,%é].: i }’f”( ;0T7 PoT mln{TCPoT( |7§|)} K:’oT:{lﬁl’l’l} ’

B, =0.28488 /% » ¥ @ 1| 2 H % j2TC, (K, B, )=133310
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#2515 BEERRLEY 2 RIFEG[E
i K, k, k, k, |§i TC,., (|§i )
1 1 1 1 1 0.28488 133310
2 2 2 2 2 0.14244 133310
3 4 4 4 4 0.07122 133310
4 8 8 8 8 0.03561 133310
5 16 16 16 16 0.01781 133310
6 32 32 32 32 0.00890 133310
7 64 64 64 64 0.00445 133310
8 128 128 128 128 0.00223 133310
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TCK1B)

TC(K2 B)

TCK3.B)

TC(k4 B)

ki=15 |
ki=8 b
/ \\_\__—__ ki=1
4 — |
&((2) ALY
3 | -
9 1 1 1 1 1 1 1
ul p2 4 005 ooz 01 012 014 046 018 02
B
%10 =2
10 T T T T T T T
9 - -
gl Ki=14 |
? | -
k=8
6 | -
5 | -
/ \_\_ kl:1
sl * [—————
ACH LAY 3,(2) @
3 | -
2 1 1 1 1 1 1 1
o p2 0p4 006 Oog 01 012 014 016 018 02
=}
o’ =3
3 T T T T T
ki=1
258 B
2 |- .
15 ki=gi /
k=16
[ ] [ ——
&M (3
1 | -
012 014 016 018 02
ki=g b
ki=1 4
T
5,0)
. . . .
012 014 016 018 02

- 68 -

Bl 5.6 WHZHER



5210 #75 A R P+ [ EBEEf2
S R R N VR 3 R NS ST N T
FRUE > tizz ¥ RPh @R L5 chfp b (S=3,R=4) 24 A L
t,t,t,t, o 4 i uER ARy i B S < ) ER & 4l=2444 - ”Lrp A
BRI g AAY Py ABBROTOFEFEF A €7 F 0 X
ss N IR \&K#BP?' wt 2t >t 2t ELNTIOT E G S A L

D3 ZERARN DS Qo APRENUTHEL TG [#HFG S A3F il
Ao
X

t, >t >t >t ,a,b,c,de{l,234,azb=c=d

a

t
a h h h h h h
E Ha Z Di,a + Ha Z Di,a + Ha Z Di,a + Hb Z Di,b + Hc Z Di,c + Hd Z Di,d
ieR ieR ieR ieR ieR ieR
=¢hb =¢hc =¢hd =¢ha =¢ha =¢ha
e 3
tb h h h h h h
R HaZDi,a—l_ HbZDi,b + HbZDi,b - Hszi,b + chDi,C + HdzDi,d [
2 ieRy ieR, ieRy ieR, icRy icR,
L i=h i=h i=h i=h izh i=h )
t h h h h h h
+ 29— HaZDi,a - HbZDi,b + Hc ZDi,c - Hc ZDi,c - Hc zDi,c + HdZDi,d
2 ieR, ieR, ieRy ieR, icR, ieR,
i=h i=h i=h i=h izh i=h

~H'S'D,-H"SD,-H'SD, -H!YD,-H'SD,-H'SD,

ieRy ieRy ieRy ieR, ieRy ieR,
izh izh izh |¢h i=h |¢h
(5.19)

®* 623 F2 B GFIHHFFEZE 0 L BEHE 24 A4 FFH L )ER R
FhkiEfE > %404 516 9757 o

%516 #F 4T W x ) 2 B EfE

WEE It 2t >t >t |k |k |k |k | B |TC.(B)| X *
1| t>t,>t >t (1 |1 |1 |1 |0.28488| 133310 |0.28488
2 | t=t,>t,>t |1 |1 |1 |1 [0.28094 | 134460 |0.28094
3| t=t>t,>t, (1 |1 |1 |1 |0.28557| 133110 |0.28557
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1 |1 |1 |0.28165| 134250 ]|0.28165

1 |1 |1 |0.28469| 133360 |0.28469

1 |1 |1 |0.28474| 133350/ 0.28474

1 |1 |1 [0.28473 | 133350 0.28473

1 |1 |1 [0.28080 | 134500 |0.28080

2 |2 |1 020731 | 132390 0.28723

2 |2 |1 [0.20695| 132540 |0.28080

1 |1 |1 [0.28634| 132890 |0.28634

1 |1 |1 [0.28387| 133600 | 0.28387

1 |4 |1 [0.24309| 126720 |0.28619

1 |8 |1 [0.23822| 124740 |0.28225

1 |2 |1 [0.26018 | 128210 |0.28801

1 |8 |1 [0.23764 | 124920 0.28153

1 |2 |1 [0.26006| 128240 0.28787

1 |4 |1 [0.24240| 126930 |0.28531

1 |1 |1 |0.28528| 133200 |0.28528

1 |1 |1 [0.28533 | 133180 0.28533

1 |1 |1 [0.28708| 132680 |0.28708

1 |1 |1 [0.28459| 133390 0.28459

1 |1 |1 |0.28784 | 132470 |0.28784

1 |1 |1 |0.28528| 133200 |0.28528

P14 Bl ERL 2t 2t 2t 2 T A A A
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5.3 ;ﬁi’éf#)&é@aﬁﬂ“ i’ﬁ% AR 2 g S E 2

03 E B sl el iE i AT [ AR 302 > B S KRBT AT
t,t, b, R A Fp e SR SGE R AROERT 0 £ 5 41=24 ,@mmg
ﬁ%¢%ﬁo&%@«ﬁmrﬁT’§ﬁ%ﬁ$£%@§ﬁﬁWﬁ%+%
o BHEER L RIS SR o

4517 RiEefER X ] B HHcP

#Aa#EP (R)| " A < ] B %(R))
4 24
5 120
6 720
7 5040
8 40320
9 362880
10 3628800

531 &g A AR 2 = &l 4T
15 2 1 (4.20)7 Ao A K eh i o/ 7 R I < L B A AR B eh ATE G

Y |§7——-ka R~ > 3F

r

R r
Y;;d:Hrh Z ZDi,r _Z ZDi,r + H?ZDi,j _Z H?ZDi,j (5.20)

j=r | ieR; j=1] ieR; j ieR, j=1 ieR,
i=h i=h izh i=h

M-

1
=

g1l j\pi}\{,z ﬁ-n/f ma}:ﬂg‘g'ﬁ A *J:.]——Y;d A = Blenk o) o

HoB 2 ATE BE _;a;@ﬁgﬁ% PP E AL, B4 E L ]
REFAMEEEREM-
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532 f§ i* T304 3 AN e
*3%(5.1)5’1ﬁ iE LAk A o F xf 210E B M dn B ek A 3 {8 | 35 ek
FRRZE > AP ELATH L F EAER R DTS Ao

Y : _
TC(t )= YIHY, +tY, =Y, , r=123..R (5.21)
H o
=A+A+| Y(@a,) (5.22)
ieR,
iz0O,,h

R
Y,,=Cs Dy + X ZC.,D +ZCL D, ;+C,.D,,+>>C.,D, (5.23)

ieR, j=l1 ieR, k=1

|¢O ,h izh k=r
] R R
Y3S;|:_ Ho rDO +(ZHOjDOjj+ ZZHijDij (5.24)
B B N V= A
R
Y4,r = |:Z(H rmto,,i Di,r ):| + th,i( Z H ;nDi,jj (5.25)
ieR, ieR, j=Lj=r
R
Y, =2 HD, (5.26)
-1
R
Yo, =t 2 H'D, | (5.27)
-1
T 32k A A~
R(Y .
TC(t,,t,, t,,. ,t )=Z_1: tl’r i P -l-Y4jr +'[rY5,r _Ye,r (5.28)
Flit =kB=2"B > (520)7 "1 & 7 4T
TC(kr’B) = +Y )+ (Yz,r +Y4,r _Y6,r) (529)

I‘

#e ok =2"B > PE2Y FH> BeR > r=123...,R -
Bk oo TR o R Fpd o pp i

- Fg¢ & & if 2 (the first-order necessary condition) :

-T2 -



dTC(k,,B) -V,
dB kB’

+K (Y +Y,)=0 (5.30)

= F# 2u 4 0% i (the second-order sufficient condition) :

d°TC(k,,B) 2Y,

= >0 5.32
dB’ kB’ (32
2
7 % %>0 » 27  TC(K,,B) &~ i =7, I fie(convex function) °
dTC(k_,B) PR | Y,
a0 0,6t it EB =— | — M 5.33
T A RRER = YE Y, (>33)

ppET oM & A 2TC(Kk,,B)=2\Y,, (Y +Y, )+ (Y, +Y,, -Y.,) (534

-73-



5.3.3 w ik ALPNES I O
1995 Teng(2005) 50 » I * SEH 2 N A 2 10 22 F w 157418 f2eh
# G (G j‘ﬁl"rﬁrE)w‘* g bt b B A=244 LF s /G KRR

o B IF R o

# 5,18 A AR R 2 B A ATk et b

ol BEfE | ER S A B
1 | $124,740 3.13%
2 | $138,860 4.33%
3 | $125,090 3.49%
4 | $122,250 3.56%
5 | $130,050 4.18%
6 | $123,710 4.31%
7 | $122,420 3.52%
8 | $127,900 1.21%
9 | $117,970 3.95%
10 | $130,840 3.47%

v}:"!%z\ 5 17 hl—r—l— ) b"i )IlE} ﬁg, r’} #E] ﬁ;@ 7 v ﬂ\IE ]‘!:, /4 l__‘}{%éé\:l ]ﬁo 1_—,: |~,'21
ﬁ%ﬁﬂ“**m“w’vﬂ¢wwf°ﬂ&ﬂﬂﬁﬁ%%ﬁﬁw%m$
*IEE P FTHECE VR o

5.3.4 Fog s iwE i RfrEE

A AR F R E B R saie 4 3F 1 2 I RAR RO 0 Ao B ek
KERB T BRATE A0 § RiFAz 2B 23 RF 4 8 FHF >4
TEFER S A F R A AT L AER S URE R R 2R R h
AP Rk B A RGN B AR IR Lo R R AR B S A O
AIEELIEGE @ T ATC, (K ,B) 5B T ik UG 0 F BT e

R/ g R aT R <) B o 32F 1R B engh & AN F R
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ﬁ* ° %Hé? Iﬁ-ﬁ = /n ﬁigjﬁf’ﬁs 7”“]"1‘ o

START

R :#4g#p
RS wnRitis 42 5 2 Rk 4R
BARATF B TR

Y

%E)\nlgﬁ_,ﬁ_q\; j‘ﬁi
PEE RS

i 07 2 i

Y

PEE Rl

1
2>1
B

g4k & 8L
N A %ﬁxlzi

1955
B =

&K E
(K) TCPOT(K|7 .)

B G PEIDERE S
PR RSy s

PR =K N S &

IR VAR s,d
Y., =Y +Y

Bl 5.7 FogNiwE iR ARR




5.35 fg N iw B 23

ST N B B AT o AL L 5.7
B HE A 2 B MR 2 AR 0 AR O A AR A AT
S E AT 0N A Sl 45 D TC,, (B) F T iR £ B 0
EBES.(hd XD EF] 0 AR R TV Bk Lok

el 7 TR ) “‘;1)%— 0

HA 2 E 2 S AR B/ E RFRE LR Y IR

AP BE e ASEYS o Y Y e MY, o

3,r

@4i=1-

(b)d (5.18)3* & Bl 11 % 3-8 1 TC, (B) F #7F ehis & B o K& + 3

Bio B 440 Ki={ =ijvr} > 35 B =B(K) 2 TCW<K“3)°
B3 ESHRELAE | R LB PR TR EELK A

I'Zi = {kr }7r :1729"-:R jl’ /% ’ikr 2 k l’—r— I-J: KEI,FF
@7%i=i+l1>r=0-
% r=r+1-

(©)Fk <k, > Bk, =k -

(d)%‘r<§ ’ f']ﬁ}ﬁ?(b) o FRF é zg(KJ ’ TCPOT(Kiagi) ’ E'JH}'E‘FA‘ °
H},??4 W BlE R ER ek ST E Eﬁ il 3‘]‘}.%5 R w T ‘}'}‘%3 °

H#S: 2ud it f#(K;,. B, )= minfrC,, (KB, -
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5.4 % b 3P

45 5.2 Senfe bl ¥ A LR N R SEF R E 2 > w2 e
#H FdeT o
%519 #F S AHrG LB
r 1 2 3 4
Y., | 2605 | 3183 | 3345 | 2506
Y,, | 10023 | 8339.3 | 3354.9 | 8342.2
Y, 115236 | 16890 | 3789.2 | 14335
Y,. | 10701 | 13433 | 2296 | 11539
Y., | 32368 | 30470 0 30329
Y., |5178.8 | 6398.6 0 4852.6

FAAA L ETR AR A AT MR T o R E AT bl i 4 eh

Iﬂv;]:

I*i

£ g (529) 7

TC(k,,B)=

1

1,2

TC(k,,B)=

2

1,3

TC(Kk,.B)=,

3

TC(k,,B)=

4

Y S,1
k%+kBW3+Y)ﬂY“+
+k B(Y;' +Y 2)-1-(Y2,2

=+ B Y, )Y, +Y

Y
r g K B+ )Y, HY, Y=

-77 -

o

#

2605

Y41_Y )

5 ——+k,B(47604) +15545.2

1

3183

+Y 2 _Ye )

3 _Y63)

- 2506

5 ——+k,B(47360)+15373.7

2

33‘: +k,B(3789.2)+5650.9

3

g TKB(A4664)+15028.6

4



TC(K3,B)

ki=16

ki=8

(2

03 |04 D05 0B

G165

VL ae—]

w10

03 |04 D& 0B

0.7

0s 09 1

515

4.5

TC{k4 B)

5,4
3.8

iy

=15

ki=d

03 0.4 04 06

=1

0.7

0.8 03 1

i} 01 0.2

W S. 8

03 04 D05 0B

2 B
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B o EpahTiod xddk Fhpgad X kB 450
TC, (B)} #75 crik & 8> R4z £ B
maoM>5,)>8,0)>50) » T¥
B it >t >t >t > 4B 5.8 #77 o

EF AR

261

=

5

|4 & BRen~ ] B

Th SR ER/E RER S R

%520 A FBERMANAIE Y R 2B S EL

#dzr | k=1 | k=2 | k=4 | k=8 |k=16 |k =32k =64
1 |0.16541 | 0.08271 | 0.04135 | 0.02068 | 0.01034 | 0.00517 | 0.00259
2 0.18332 0.09166 | 0.04583 | 0.02291 | 0.01146 | 0.00573 | 0.00286
3 | 0.66437 | 0.33219 | 0.16609 | 0.08305 | 0.04152 | 0.02076 | 0.01038
4 | 0.16749 | 0.08375 | 0.04187 | 0.02094 | 0.01047 | 0.00523 | 0.00262

R B R/ RFIEA P EA St 2t 2t 2t 0 3~ 255(5.20)3

:l: 1;,':3 g ﬁf, ,}i*g Fﬁg i A J:E Y;':d , ;E&.Y;r,i lfi’ Y;;d Se ?E} H EIJ Y3

o I g

# 5.21 473 HUER AR S EE

r 1 2 3 4
Y., | 2605 | 3183 | 3345 | 2506
Y,, | 10023 | 8339.3 | 3354.9 | 8342.2
Y,, | 15236 | 16890 |3789.2 | 14335
Y,. | 10701 | 13433 | 2296 | 11539
Y., | 32368 | 30470 0 30329
Y., |5178.8 | 6398.6 0 4852.6
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Bt Bk
Y

i

B iE o

Uk (5.29) 7 @

= 3

2605

TC(k,, B)z;é+k B +Y, ) +(Y, , +Y,, =Y, )= 2 “ K B(47604) +15545.2
1 1
Y, y 3183
TC(k,, B)— +k BOY Y)Y, , +Y )_ 5 +k,B(47360)+15373.7
2 2
Y, g 3345
TC(k,,B)= B+k BOYS +Y, )H(Y, ,+Y,, =Y. )= . =27 +k,B(3789.2) +5650.9
3 3
YM . 2506
TC(k,,B +k BT HY )Y, LY, —Y4)— 5 +k,B(44664)+15028.6
4 4
1P 6 @D chdde 0 (T 495t eha Bl 0 £ K45 I TC,, (B) W &
”Lr)a RS EL 7Y A RS 4«5(|)mK B o
4 5.22 TC,,(B)w s} 2 34 8k
#Aar | o0 | 6,2 | 63 | 564 6,(5) 5,(6) 6,(7)
1 0.16626 | 0.08313 | 0.04157 | 0.02078 | 0.01039 | 0.00520 | 0.00260
2 10.18134 ] 0.09067 | 0.04534 | 0.02267 | 0.01133 | 0.00567 | 0.00283
3 1.25590 | 0.62793 | 0.31397 | 0.15698 | 0.07849 | 0.03925 | 0.01962
4 10.15788 | 0.07894 | 0.03947 | 0.01974 | 0.00987 | 0.00494 | 0.00247
%523 suBAml vt &L 80 3) k2K
K, K, K, K, K. K K. K,
K, 1 1 1 1 2 8 16
K, 1 1 1 1 2 8 16
K, 1 2 4 8 16 32 64 128
K, 1 1 1 1 2 8 16

- 80 -




AT ECE R B 2 A ACT o MAER LB 5.7 -
KO HE A 2 SR 2 AR 0 R AR O A AR A AT
PR A AR 35 A S 35 NTC,, (B) L T R B vk 519
T e F:'Hffl*ﬁm%\ A S B 0 AoR] 5.8 AT o #0r T R & BR6, ()
XA ek enidAr > TR Bk A KR/ g KRR
e x ol E R G t3 >t, >t, >t o

by

HEE 2 R - R K i/ F KRR ER R B
PEARBE et ALY Y Y S B R, o
(a)fi=1-
(b)d (5.18)3* B B, 42 5 T PoT(B) Farg oenig £ 8L o KA E F R
B 44 % - K ={k =1lvr} > 3+ ¥ B =B(K)) 2 TC,,(K,,B)) -
HH3 I EBHRIE LA | PR LB () R LK o Aok 522
im0 He K=k r=12,.,R % &Kk >k if 4]0
(@2 i=i+1=2>r=0-
B4 r=r+1=1- K, ={2,1 1,1}

(C)%kr < kr+1 ’ E]IJ k

r+l

=k o
(Er<R > 2 #HHOb - F8FK=2LL} > B, =B(K,)=25958 -
TC,; (K,,B,)=128390 » F|# 2 4
HAA R B ER LR ek I LA DHAS TR B A3
H S 2 b f2(K,, B, )=min{TC, (KB, )}=124920 -
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%524 AFER4A 2 HRBE G
i K, K, K, k, B, TC,.(B)
1 1 1 1 1 0.28153 134280
2 1 1 2 1 0.25958 128390
3 1 1 4 1 0.24669 125620
4 1 1 8 1 0.23764 124920
5 2 2 16 2 0.11882 124920
6 4 4 32 4 0.05941 124920
7 8 8 64 8 0.02971 124920
8 16 16 128 16 0.01485 124920
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2% d@wE

ji:?v;éj‘ 4ofe )% R @7 8 % (genetic algorithm ; GA) » K f#4 38 & i
4av FRA B EAA RO - - R A KRR T (57 5138
AW E TR G e L e A A R R BRI ehie
T KT emE ATC, (B) o A F 2 «p%GA,m@524$MﬁﬂMﬁ
# & BLI2 35 (Junction point) ¢ 45 1) — ek KA F ik Rddfe 4 E i A [ AR
e 7z (k. B)o%61$ff(yvﬂifﬂ%§ FO.25 4 27 e 8 b A
FIEEEFF > F63F L FE NP FIEEL )+ 3 e d POk b
ﬁpwhxysﬁﬁ; T 5645 7 AR B E ik nRE? BRI 0
6.5 fF RN A B B B Rz 0 FO.69 P -

6.1 R@Biw ki LA

FHFE LA REH - R GFHF 2 A BHEAN AP
B2 A E s FRET RN ED] o g AR PE D B AT
(Gene)2 = =& 1 17 » H ¢ LI it mfjk‘g’“f » B ;’wm,jﬁysays o RIS T
%ok ?]i} - ¥ - ¥ 3 3 (Crossover) & 2 {& % » T 4 12 R % (Mutation) £
BUPI AT Ao - R Y AT EARRARE R
ARRAE R I E A B FIFP R o mGA L& P hpitE: - BiRG pARE
ten T4 2@ % % (Artificial Genetic System ) ¥ #d {rfzf# 2 # p R
v AR o @ e fE Bk % 1R @ (Population Genetics) 2 i —‘F”f EANERER I
AT KR EEAT o © SN F R 5 A SRR LR R 0 @
- ksfEs (TR @EE ) (GAS)® Tt e, (EAS) -

NG RIFNAE R Y RAFEEF AN 0 Ao TR
ARBRBET > BRA L hRY Rk A2 RFABEE D
i~ﬁ$§%$$\#%%4éi’ééwﬁﬁ’ujéﬁﬁmﬁaﬁi

AR R/ T T\F’”‘uﬁ»“’] g ’;ﬁd ATl b fgpas N WHR LEPEE
L3 ATC,,(B) 5 B 2 & "4 o i3 @ B E AL B A B6.1 97T o
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START

A

EEE

\Xx-

#

SHEF BB ALK
YYYS'YYY

Lr> "2r% "3r 2 "4r2 "5r% 6,1

A
wATHEARE AR

SRR EHRE
AT 4

A

EER—REH

y
3 E A KA R
91 B A% & #

L

) 4

YES
i e R B E R AL
EIEAA
TCéOUnter (kr R B)
2 B
R4
B 6.1 :f@FE 2 AR
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qa_é_fr_w: RN+ N SN N IR S
BGEE L o R B E A BB EE TS s B
BTk @458 5611 FEP ARAPLER T 612 &4 5%
MM N H6.13 ) FEP g RS R 5614
%ﬁﬁﬂ@;@;@-ﬁawﬁxigﬁJf;w'Jmu : »‘136.1.5/J~ G R e el (2

‘‘‘‘‘

4.;

6.1.1 %8k T
FOFEE AR &R I Sl 2R 2
R, AT L ‘/‘%"fl_gﬂ\mn;;‘ . L% 6.

=Y Ex
-Er/é: % ﬁ'{ﬁ Eﬁ)r—)_l. ;1[-5 11 _{,E ]];; Kg(mﬁ’»li;{ ”’io
1

2. REF(P,) Zp,=0.2
3. AR~ ) (populationsize) A TR SRR E
4. % b i (countersize) B 16 e it o B RN TR
"7[7'_3%&'1%_5721 ﬁq:’ﬂ I%]'—i%'zg o
6.1.2 % J % Y%u#

(Tl B E R 2 e AT 4 4 4 %8 (Encoding) o i @ F B S
¥ Lenf - F B (String) A% £ - B A8 (Individual)c A F - F 8 H =
ﬁffa%’: BAF* - BAFT 2 F 8- Fik 22250 frl 0 igd
?%ﬁ?ﬁﬁﬁﬁi%i&%ﬁﬁﬁﬁki—ﬁ%ﬁ{%%ﬁﬁﬁﬁ%ﬁ
AN Sl o KA B iE 1 R ARG F) T % dc(Variable) 0 & T cndnsg > 5
e s & S CHERRES QU LR S SRR G S L

Bt 3t AT il F B2 P R R KRR FRAROR G AR B
% RRIEA ) ER o FP R G AR T R, A )
BB 2RAEZIMnizAt o RFFF P FRY FHhG - 5 - B BWY
PR A- BV FR A EBRBLARR 0 FA T TRET ME SRR
- B BT - BAI R U ANEREOLS MRS A2 LR
28N R B8 F AR I Wiz AR - BER o
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B 6.2 %4 %inig

6.1.3 i B A S ¥kt 1k

TR RSN K5 A R R (liner ranking normalization)
e ¥ i+ AR 1 (Inversion normahzatlon) Hunter(1995)£ Boesel(1999) # !
iR S cht 21 (fitness normalization ) » F Y o dae fE -] 1
SRR PR IR A M R Sz (8 0 BEFRR SBE R
e >3 AR S R KA d WE $# (selection) g AR 0 A 3 (B
S FETF LI R Py RFBADBIEIRLI DL o AE
BiFE R BT S AT R RADRA A P E S JIELI MEE
Sk N H B & RS ETC, (K, B) » 4034 (6.2)5(6.3)47T -

Y
Y VI (6.2)

) k_r Y3,r +Y5,r

Y
TC(k,,B)=—

+ YS,r) + (Yz,r + Y4,r - Y6,r) (63)

1. & 1 i (liner ranking normalization)

Marzouk and Moselhi(2003)#% ' if & & & 8 iE@ ni 21 (fitness
normalization) » ¥ 14 { F #x fRiA-F | L R RE > AR R VA &
H T G R Sl iR R < OB RS 0 Bl i R S BE S BS D
Bl F o 238 (64) TR T R
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2(SP =1D)(iigm, —1)

Fi[ennp =2-SP+ N 1 (6.4)
6.1 FRAE BT R
i TC, - F
Vo
1 17,594 3 0.8 0.8
2 14,697 4 1.2 2.0
3 10,582 6 2.0 4.0
4 12,324 5 1.6 5.6
5 23,789 1 0 5.6
6 19,459 2 0.4 6.0
BE 6
£ SP=2 -

BaE L 6.1 5757 > &TC,, (k,,B)d % 3 /[ 5] £ T a4 A 4
2R (TERALDAIM) S, =1 THE S AL LR (TES
% d ) 5 T =N o * B % N % 77 % & 48 51 $ico Pohlheim(1996)
T & TEEBRA | (selection pressure ; SP) 5 EFE R4 L F M F{oT 15
P2 gpgt F o 2 SP 2 A [1.0,2.0] el E -

A 61 LBl o B RPEERE L ERSEY o R
N paion =6 > F 1 1ER & T D8 L & S TC, o SEMIEE AT R >
FEDNTIEL S R R E S ER S U (E L A B eiF (R

o

| ‘3‘1};

prua
—

2. & % o R 1 (Inversion normalization)
BRI AT R S0P e B i R S BRE
=

B G AERAEAT B B LE R A A

=i
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6.2 R S#cig TR

i TC, Inversion(x107)
1 17,594 5.684
2 14,697 6.804
3 10,582 9.450
4 12,324 8.114
5 23,789 4.204
6 19,459 5.139

6.1.4 E#& 84
¢ RETRF /AR BT RS B E B (selection)fF B 0 EH Y
FIL& 5 S f7> 3% > B iE 3% 184 (roulette wheel selection) €2 4 iE 4% %4

(tournament selection) °

1. # 4 5 # 5 4 (roulette wheel selection)

%47 1 3% 8 4] (roulette wheel selection) ¥ 58 5 1L > %4 ¢ WiF R
BoARGERE G A FI A RfEOERY O ERBE G RS DL W
T e ? RB ORI M FRBE R DL T a4 LD
A R o W EHBTI B 63 5 6] 0 K BB Sl R (S P A 4
RUEHEPBAL - BEERe(O,YF, ) HHER BRI B o 4ok
R=1.7243€(0.82.0) » PI:E# & 2 54 4 4 -

J=1 J=2 j=3 J=4 J=0
— —" v - ~ — —
0.8+ 1.2« 2.0¢ 1.6+ 0.4«
0.0« 0.8« T 2.0¢ 4,00 5.6 6.0«
R=1.7243

Bl 6.3 #miFE&EBH
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2. i iE # 4] (tournament selection)

# 4 1% % % 4 (tournament selectlon) AN * 4 Rz Bl fens 38 g
NAGH > EHREEERI T AEIRL DL W REEF B
E N ehg d R o

6.1.5 2 g2

=

%

% fie(crossover) s 4 S F L i RIETE R o P A 5 T R R
IARREF T RATEM I IR BN B sk 0 NET T
A e - KA T o PAAERIE S B o fL2 5 R (Parents) 0 RS
WLEMRLIMFP DN B~ARF)? ZLE- BR 2 5 e
(Crossover Point) » - #-73> 2 #¢ 8L+ e A F]1 3 4 > » )I*fuqi L
- E AT AR A BATOBAY o e L2t BE Y R B4 Y
Fe BT R RBIFR OB I KA gL g > @ R fedh
B - AL LR 2 Ut o A4 A3 R AT N o
EAERPE2Z AT 4385 5F Lo fe? 38 SX(Simple Crossover) »
& ¥ 17 5 B 42 (Traveling Salesman Problem ; TSP)R® 48 #74F B e fieix » %
ENFEFEF AL AL =¥ F e PMX(Partially Matched

Crossover)& F €3t % 3* A4 J 8+ 2 3 ~ g B B % 9 LOX(Linear

¥

;y

Order Crossover) ©

1. SX(Simple Crossover)

Hoboppei-BEAFADLREA AR HE B R
BHFE 2R * Pkl d HBEIpg BBy e~ § B8R
ferriag R o

()AL - B g
B A (984]576132)
B B:(871]|236954)
Q) F§ > B2 B kT B i A T - B
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B A (984]712365)
B B:(871]|945632)

2. PMX(Partially Matched Crossover)

PL 3 E - AL E AR F —‘F‘T F¥ 42 (Traveling Salesman Problem ; TSP)
FLATH B e fieiE > Goldberg(1989)iE & fif & #ARR 452 A F:F 5 3 >
PMX FE*HH A3 o b? 844 M =g Fio 42T
(D)SEH A 4 e 327 8L
B A:(984[576]132)

BHB:(871]236]|954)

Q)R A L2BEB &3 B PHEFIT A -
BHA:(984]236]132)

BHB:(871]576|954)

Q)#-BRE A =382 AE FHAFE BB =382 ¢t E F
AFIA -

BHA:(984|236]175)

BRI B:(831]576|924)

3. LOX(Linear Order Crossover)

¥ — 1 Goldberg(1989):F sa il & # A2 4L 2 A FE X + - LOX v
PMX % feizdi & enZd W3t LOX FEWEGFH LM 23 1m
g B B % o Falkenauer and Bouffouix(1991) # % ¢ > 3 11 LOX # PMX

3R o HiviE4eT o

(D'EWA 24 S B gk o
B A:I(984]576]|132)
BHB: (871236954

(2)#-BHE A 229 oty A R RMB P UFREF B F K
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BA A (984 |57% | 1%%)
BRB:(8*%1|23*|9%*4)

G)HHILP BAE > B FA BrrEh? hiz ¥ 5%
BALA (984 | ***|571)

BRI B:(812]***|394)

(4)#-h > B A-B > HizALT B o

B A:(984(236[571)

BB (812]576]394)

d3PMX FENHEFLF AL ALz E T TSP P42
R f2p 8 R 5 B o Falkenauer and Bouffouix(1991)4% ) = #4 F® 45 &2
T FREANER RO TEELTE AR ST U R R H
A2 ARPAENE AR B RFEZ LA P AREL A LR 2
1 el B A+ AP 45 > LOX(Linear Order Crossover)#i PMX(Partially
Matched Crossover)§ »x 5 o F]pt AF7 7 H-rd Jz B L SX B F S E B o

6.1.6 ® %
% % (mutation) 4] F_5 1 I F R E fFenE Y Hor BN E 2
3

ZH o hpRAF KLY ’%"#m%ﬁf’4#aagp i1 3 R

BB AL RE o S x%mﬁmxﬁ*ﬁxWﬁ*m+@’%%§
B Ry @%w»”iaéﬂwa%ﬁwmﬁﬁm I &1 %0
FEFEATA TR o AR RFOPF T T I BALTIE (7 @ 18 BrE
CARNA B SRR TRTER S - F I*’m?n&%%%?%ﬁﬂﬁﬁﬂﬁﬂ

&H o Goldberg(1989)# 11 @A 7 ¥ # R » K- + Bi~@gikis o
EfT- XIRBVEEFRF OIS NPT A AZEAREINFA
R R PR A FIR %S N 5 F L e SM(Swap Mutation)#? ¥ £ 3 i3 2 F
R R R nit ¥ F 2 5% 9 PBM(Position-based Mutation) e

1. SM(Swap Mutation)
RHERR L - BERFLPRES N SRS APEIE L
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BFR2RY P2k TEABAF) BHIATF .
(984576132)—(984176532)

2. PBM(Position-based Mutation)
FESBATF] ) BRZS5 1761 AnH o LBS5 ERA
AF Ol T oo

(984576132)—(984761532)

RBOERELEEFF ARG T REHIAL
LT O A oPBMNgﬁﬂs}\;\gw PMX ¥ € i%1s 2

<
-
"
Qo
o
‘v
1

f
4 * % F 2 5%k Goldberg(1989)> t/g A f4:% @ % &
ERATF 4R o F)pt AT GB35 L b SM 2 PBM A 8%

6.2 B FHEZEEWHZ EE F]F v i

1995 Teng(2005) 95 & i sl ticst - fI* s> YA 4 1w B 5 ik

Fg AR et b (- T A G L e F) o KB L AT BB X BHE Y F]F o
?%@g@ R G 2AMF KL > RAY KL i BF B2 4 uiE T 30
e BFE 2 ARNEE o BT 08 A A T apk e 7 i o

R34 61384 614 BB E T g $ L Aol BFE e
MR B T k% 8 A s Gt E T%‘p\ L gl 5L BT G NDE T e g

H:E H TS
. A R b R* Y 2R o
2. 4 BERBIIET B EHEB
3. ¢ MapeHEr LOX 2pe -
4. 2 ¢ R FHET PBM R % o
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3 6.3 *piEE

i‘;“ 24 WE AR ERBH LS RS
[ e A BEEHEBY SXpe SM % %
2 PBM % %
3 PMX % fie SM R %
4 PBM % %
5 LOX % fie SM % %
6 PBM % %
7 MLEHEPS SXApe SM % %
8 PBM % %
9 PMX 2 fiz SM % %
10 PBM % %
11 LOX =% fie SM R %
12 PBM % %
13 3% &R W ERB SXApe SM % %
14 PBM % %
15 PMX % fie SM % %
16 PBM % %
17 LOX % fie SM % %
18 PBM % %
19 P EHPF SX e SM % %
20 PBM % %
21 PMX % fie SM R %
22 PBM % %
23 LOX = fie SM R %
24 PBM % %
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6.4 2P REZPFIEELF T ORHESE

Run v L o .

No. = MEEE i s Run time(s) Total cost
| 37.033 2.4842 281040
2 37.7 2.8247 281240
3 334 2.8978 280920
4 33.933 2.2085 280550
5 33.1 2.1778 279460
6 324 2.1154 281240
7 38.4 3.0521 281540
8 30.333 2.5373 281640
9 34.367 2.5266 280250
10 31.1 2.0126 279030
11 37.567 2.4495 279600
12 33.067 2.1431 280750
13 42.1 3.0584 281460
14 40.3 2.746 279550
15 34433 2.4993 280640
16 39.033 2.5283 280320
17 34.367 24218 279680
18 32.9 2.4185 278690
19 35.567 2.2766 282150

20 31.4 2.1611 279800
21 32.167 2.349 279900
22 34.2 2.2786 281840
23 34.833 2.7079 279200
24 30.933 1.9905 281660
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6.3 BB FE: FHPHREY

6.4 & 0 Ay ﬁxiﬁ LAFET R BFE 2 EL B4 BEY 7
F o AFEHFEFAGFEZY 0 FEK TP TR RAERNRGFERF O
B SR F(P) s REF(P,) ~ * % < /] (populationsize) ¥ ¥ 1k if 2
(countersize)® # S8 (77 K > A WA G sk Lo RE B

W R FEL F ok A2 7 1 MINITAB St 8 ie (79 sk 3t o

6.3.1 & $dkcik
g B SRR TR R R R F B RS T Ak
ded 6.5 P17 o

X K| kD | RE3 | k4| KES
L e (R) 0.2 0.4 0.6 0.8 1
XEF(P) 0.2 0.4 0.6 0.8 1
# f8 % |- (Populationsize) 8 16 24 32 40
%k iE 2 (countersize) 16 32 48 64 80
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632 2 F(P)ERRF(P)R &K
—‘F_T' AEHIFRIF(P)EREIF(P)D FHEFF %K %‘%‘J}Lﬁ 7 i
& ek 52 §8 + | (populationsize) &2 ¥ it i i (countersize) 1K E_P| Y
¥ 6.1.1 /] &6 * 4o etk 20 # 48 A | (populationsize)zk % %5 8 iF 4 1
i  (countersize)ik %5 16 57 41% i 4 g Az enfe bl(- ) A FTHR(FH
ERCC A RECIE EE EEEL RS L2 SR SR LS
30 =x o
14 6.6 g% > AP @R (P)ERES(P)HT RS
A RHFORZIRBE T NS NPT UETIERF(P)ERESF(P,)
HARNHFEFOLT HEPR L BEAPEHTIORA & h2fed(P)

B (P 174 (e R0 K3 Il i E il & R

£6.6 TiomA AHARI(P)EREI(P)FHES

Fractional Factorial Fit: TC versus pc, pm

Estimated Effects and Coefficients for TC (coded units)

Term Effect Coef SE Coef T P
Constan 279408 119.3 2342.33 0.000
pc -1299 -649 168.7 -3.85 0.000
pm -1373 -687 168.7 -4.07 0.000
pc*pm 502 251 238.6 1.05 0.293

6.7 RINFEFEFHIEFP)EREF(P)F b
Fractional Factorial Fit: S versus pc, pm
Estimated Effects and Coefficients for S (coded units)
Term Effect Coef SE Coef T
Constan 2.51544 0.04347 57.87 0.000
pc -0.09585 -0.04792 0.06147 -0.78 0.436
pm 0.03704 0.01852 0.06147 0.30 0.763
pc*pm 0.07020 0.03510 0.08694 0.40 0.687
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6.3.3 2 e (P)er

ﬁ‘g—iﬁo

(|:>)|7':3'7‘z = :“Z

HE AR F D eh30 K TR N A B RN FEF RIS, Tl

SR EX N NN ek i‘iiﬁ’—?(P) =0.6 &2 % %
)=0

RS ER 4 A ps

(P

c

REF(P)> T
F(P)SBok BT ApFEH 25 A2 H ik

% 6.8 F I 2B FAT A% S A fp Sl

T pER

33

F(P)=1.0 pF > 258 {7
XEF(P)=02pF > 4ok 6.8 #151 o

e F P rEFP Tiom A A RN TR
0.2 0.2 281701 2.237233
0.2 0.4 279381 3.1472
0.2 0.6 279772 2.696533
0.2 0.8 280557 2.504267
0.2 1.0 279307 2.391433
0.4 0.2 280883 2.186833
0.4 0.4 278753 2.772967
0.4 0.6 279099 2.436167
0.4 0.8 279744 2.226567
0.4 1.0 279388 2.5947
0.6 0.2 282303 2.7129
0.6 0.4 279208 2.751567
0.6 0.6 278675 2.309
0.6 0.8 278990 2.476233
0.6 1.0 277772 3.110133
0.8 0.2 279849 2.366067
0.8 0.4 279310 2.587067
0.8 0.6 278844 2.197833
0.8 0.8 279097 2.222867
0.8 1.0 279161 2.318333
1.0 0.2 279084 2.33
1.0 0.4 278129 2.712233
1.0 0.6 279239 2.247233
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1.0 0.8 278285 2.860467

1.0 1.0 278665 2.490233

£ 7 e e fe g (P) 0 @k KT 10 & A5 4 A2 fe (P )=1.0

HPFEIE 0 ek 6.9 AT o

£6.9 7k 2pF(P)hIimgs A

e F (P 3ok A A
0.2 280144
0.4 279573
0.6 279390
0.8 279252
1.0 278681

£ PR EF(P) T iR A L &R F(P,)=1.0 pF
i o dodk 6.10 #7F o

£ 6.10 # F REF(P )T o A

REF(P)| T+ A
0.2 280764
0.4 278956
0.6 279126
0.8 279335
1.0 278859
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L3

F¥F e F(P) @bk Mo i FEREFs Am
(P)=0.8 hps i » 4ed 6.11 #7577

2611 3 F2Afed(P)adei R 7w

A
2 fie 5 (P A28 3 7 pF R

0.2 2.595333
0.4 2.443447
0.6 2.671967
0.8 2.338433
1.0 2.528033

F¥tF pehR B F(P) Bk BN R RS2 AR
(Pm):().z E‘j’jpé}:ﬂ? ) 'lir'%r\’ 6.12 ’;Li-'ﬁ-‘ R

£6.12 F A (PSRN R (TR

L (P)|fe 4 AR
0.2 2.366607
04 2.794207
0.6 2.377353
0.8 2.45808
1.0 2.580967
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% 6.13 TmE A A2 fed(P)> Hik T

Results for: TC

Paired T-Test and CI: pc=0.2, pc=0.4
T-Test of mean difference = 0 (vs not = 0): T-Value = 1.57

P-Value =0.119

Paired T-Test and CI: pc=0.2, pc=0.6
T-Test of mean difference = 0 (vs not = 0): T-Value = 1.93

P-Value = 0.055

Paired T-Test and CI: pc=0.2, pc=0.8
T-Test of mean difference = 0 (vs not = 0): T-Value = 2.46

P-Value = 0.015

Paired T-Test and CI: pc=0.2, pc=1.0
T-Test of mean difference = 0 (vs not = 0): T-Value = 4.48

P-Value = 0.000

Paired T-Test and CI: pc=0.4, pc=0.6
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.52

P-Value = 0.602

Paired T-Test and CI: pc=0.4, pc=0.8
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.85

P-Value = 0.398

Paired T-Test and CI: pc=0.4, pc=1.0
T-Test of mean difference = 0 (vs not = 0): T-Value = 2.56

P-Value =0.012

Paired T-Test and CI: pc=0.6, pc=0.8
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.35

P-Value = 0.729

Paired T-Test and CI: pc=0.6, pc=1.0
T-Test of mean difference = 0 (vs not = 0): T-Value = 1.83

P-Value = 0.069

Paired T-Test and CI: pc=0.8, pc=1.0
T-Test of mean difference = 0 (vs not = 0): T-Value = 1.69

P-Value = 0.094
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Results for: TC

Paired T-Test and CI: pm=0.2, pm=0.4
T-Test of mean difference = 0 (vs not = 0): T-Value =4.02 P-Value = 0.000

Paired T-Test and CI: pm=0.2, pm=0.6
T-Test of mean difference = 0 (vs not = 0): T-Value = 3.48 P-Value = 0.001

Paired T-Test and CI: pm=0.2, pm=0.8
T-Test of mean difference = 0 (vs not = 0): T-Value =3.51 P-Value = 0.001

Paired T-Test and CI: pm=0.2, pm=1.0
T-Test of mean difference = 0 (vs not = 0): T-Value =4.78 P-Value = 0.000

Paired T-Test and CI: pm=0.4, pm=0.6
T-Test of mean difference = 0 (vs not = 0): T-Value = -0.47 P-Value = 0.640

Paired T-Test and CI: pm=0.4, pm=0.8
T-Test of mean difference = 0 (vs not = 0): T-Value =-1.04 P-Value = 0.298

Paired T-Test and CI: pm=0.4, pm=1.0
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.29 P-Value = 0.775

Paired T-Test and CI: pm=0.6, pm=0.8
T-Test of mean difference = 0 (vs not = 0): T-Value =-0.64 P-Value = 0.523

Paired T-Test and CI: pm=0.6, pm=1.0
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.85 P-Value = 0.398

Paired T-Test and CI: pm=0.8, pm=1.0
T-Test of mean difference = 0 (vs not = 0): T-Value = 1.57 P-Value=0.118

Rip i e o 4ok 6132 4 6.14 977 > 71 2L S8k B LT

FTHERR > GEHRGE T LR F(P)=0.8 F(P)=04 F B iFE 2%
FREORBETLG L PREER
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6.3.4 * %8 = -] (populationsize) £ ¥ i
5 s
%L’ﬁﬁﬁmﬁﬁbm&&$$’iﬁﬁ(mﬁ“‘
633 | #EFN NS AFRF(P)KET:E 082283

i+ (countersize) ¥ 2 &

| (populationsize)¥? % it if i* (countersize)® %#cit (7 F B
¥ (P,) ek TR 195

“(P)% %5 0.4 41

Bz bl(- )PAATH 2 FR BFE2EE > S ALK

KBS TR B R AR 30 & o

Y4 6.15 k% > Apvw L iE

% (countersize) ¥ T 32k = ~ 3 & F@ y

f« e 'g‘g;”\ ,

*oN l'+ /4

A\

A 8 % | (populationsize) 2 ¥ 1+ i%
L5 & 616tk % > AT Y
"HEERF &
'] (populationsize) &2 ¥ i+ if i
AR TR 8~
g1 %% k% 2 (countersize)it (T A ¥t T kIS i BoFE 2 B & ehddko

| (populationsize)¥= % 1+ if it (countersme)*iﬂ
FOR B AP A T R A R B

(countersize):& {7 = ¥} t & Z_> * (populationsize)

06,15 Tiom A AR R ] 2R R g%t

Fractional Factorial Fit: TC versus psize, csize

Estimated Effects and Coefticients for TC (coded units)

Term Effect Coef SE Coef T P

Constan 277024 47.93 5779.99 0.000

psize -1262 -631 67.78 -9.31 0.000

csize -517 -259 67.78 -3.82 0.000

psize*csize 163 81 95.86 0.85 0.396
7 6.16 AP FREFEFHF R BRI IEER KK

Fractional Factorial Fit: S versus psize, csize

Estimated Effects and Coefticients for S (coded units)

Term Effect Coef SE Coef T P

Constan 17.714 0.2458 72.08 0.000

psize 23.031 11.516 0.3476 33.13 0.000

csize 21.034 10.517 0.3476 30.26 0.000

psize*csize | 13.693 6.846 0.4915 13.93 0.000
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6.3.5 # 48 + -] (populationsize) & ¥ i if i (countersize) = & <
#-+ %8 < | (populationsize)£2 it i% i+ (countersize) 5 #c Kk # 3 4p 45 fie
25 FFA 0 FiIT R BFE 2 AR 0 BF D030 X TS A AR
FEFS R T, T T R A A S 4 AR R
(populationsize)=40 ¥ % it i% i+ (countersize)=80 FF » #2378 3 (7 pF I 5 4

A 8 < -] (populationsize)=8 £7 % it i% i (countersize)=16 pF » 4% 6.17 #1

T o
4 6.17 7 F ST o8 4 A g N TR
RN W T sk | ESRERER
(populationsize) (countersize)
8 16 278999 2.5914
8 32 277464 4.0732
8 48 277724 6.7871
8 64 277397 7.2344
8 80 278239 8.9823
16 16 277907 4.2968
16 32 276851 9.3832
16 48 276675 11.3583
16 64 277097 16.2227
16 80 277025 20.2818
24 16 277158 7.0571
24 32 276813 11.9248
24 48 276564 18.8825
24 64 276492 24.6311
24 80 276679 26.9124
32 16 277117 9.3895
32 32 276822 15.5607
32 48 276613 22.6886
32 64 276605 32.1609
32 80 276476 359133
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40 16 276692 12.1034
40 32 276694 21.2589
40 48 276481 29.5305
40 64 276556 35.7017
40 80 276472 47.9339

447 e ar* 48 < o] (populationsize) > H ArE M enT ik & A 4 BB

%8 = -] (populationsize)=40 FpF iz » 4o 6.18 #7577 o

% 6.18 7 F* %2 < /|- (populationsize) T 325, = A

2 §8 * -] (populationsize)|L 3243, =
8 277964
16 277111
24 276741
32 276727
40 276579

104 -




47 e b 0E 2 (countersize) 0 B i M eI 3k A A g 4 AR

i% 1% (countersize)=48 pF iz » drdk 6.19 #17 o

% 6.19 # F % 1k 0% % (countersize) L 3543 & A~

b 0% i (countersize)| T 24 = A
16 277575
32 276929
48 276811
64 276829
80 276978

£-47 e e* B8 % ] (populationsize) > 17 i MR N TR E 4 A

# #8 % | (populationsize)=8 {pF iz » 4r# 6.20 #75F o

4 6.20 * F* %8+ -] (populationsize) e4% ;% #, {7 pEF ¥

2 {8 ~ | (populationsize)|#2 ;% #4 {7 pF ¥
8 5.933667
16 12.30856
24 17.88157
32 23.14261
40 29.30568
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EL¥E 7 e en% b F 12 (countersize) 0 Al (KT 3 A A F 4 Ak

i% i (countersize)=16 fFiE » 4o 6.21 #151 o

% 6.21 7 F % 1k % 2 (countersize) sF% 3N 34 (7 pF R

b i 2 (countersize)| 47 5% # {7 pF Y
16 7.08764
32 12.44016
48 17.8494
64 23.19015
80 28.00473
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Results for: TC

Paired T-Test and CI: psize=8, psize=16
T-Test of mean difference = 0 (vs not = 0): T-Value = 4.08

P-Value = 0.000

Paired T-Test and CI: psize=8, psize=24
T-Test of mean difference = 0 (vs not = 0): T-Value = 6.51

P-Value = 0.000

Paired T-Test and CI: psize=8, psize=32
T-Test of mean difference = 0 (vs not = 0): T-Value = 6.49

P-Value = 0.000

Paired T-Test and CI: psize=8, psize=40
T-Test of mean difference = 0 (vs not = 0): T-Value = 7.38

P-Value = 0.000

Paired T-Test and CI: psize=16, psize=24
T-Test of mean difference = 0 (vs not = 0): T-Value = 2.95

P-Value = 0.004

Paired T-Test and CI: psize=16, psize=32
T-Test of mean difference = 0 (vs not = 0): T-Value = 3.07

P-Value = 0.003

Paired T-Test and CI: psize=16, psize=40
T-Test of mean difference = 0 (vs not = 0): T-Value = 4.45

P-Value = 0.000

Paired T-Test and CI: psize=24, psize=32
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.17

P-Value = 0.863

Paired T-Test and CI: psize=24, psize=40
T-Test of mean difference = 0 (vs not = 0): T-Value = 2.31

P-Value = 0.022

Paired T-Test and CI: psize=32, psize=40
T-Test of mean difference = 0 (vs not = 0): T-Value = 2.60

P-Value = 0.010
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Results for: TC

Paired T-Test and CI: csize=16, csize=32
T-Test of mean difference = 0 (vs not = 0): T-Value = 4.36

P-Value = 0.000

Paired T-Test and CI: csize=16, csize=48
T-Test of mean difference = 0 (vs not = 0): T-Value = 5.33

P-Value = 0.000

Paired T-Test and CI: csize=16, csize=64
T-Test of mean difference = 0 (vs not = 0): T-Value = 4.95

P-Value = 0.000

Paired T-Test and CI: csize=16, csize=80
T-Test of mean difference = 0 (vs not = 0): T-Value = 3.51

P-Value = 0.001

Paired T-Test and CI: csize=32, csize=48
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.87

P-Value = 0.383

Paired T-Test and CI: csize=32, csize=64
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.83

P-Value = 0.409

Paired T-Test and CI: csize=32, csize=80
T-Test of mean difference = 0 (vs not = 0): T-Value = -0.32

P-Value = 0.750

Paired T-Test and CI: csize=48, csize=64
T-Test of mean difference = 0 (vs not = 0): T-Value =-0.13

P-Value = 0.896

Paired T-Test and CI: csize=48, csize=80
T-Test of mean difference = 0 (vs not = 0): T-Value =-1.12

P-Value = 0.263

Paired T-Test and CI: csize=64, csize=80
T-Test of mean difference = 0 (vs not = 0): T-Value = -0.94

P-Value = 0.348
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Results for: time

Paired T-Test and CI: psize=8, psize=16
T-Test of mean difference = 0 (vs not = 0): T-Value =-13.80 P-Value = 0.000

Paired T-Test and CI: psize=8, psize=24
T-Test of mean difference = 0 (vs not = 0): T-Value =-18.55 P-Value = 0.000

Paired T-Test and CI: psize=8, psize=32
T-Test of mean difference = 0 (vs not = 0): T-Value = -18.87 P-Value = 0.000

Paired T-Test and CI: psize=8, psize=40
T-Test of mean difference = 0 (vs not = 0): T-Value =-20.11 P-Value = 0.000

Paired T-Test and CI: psize=16, psize=24
T-Test of mean difference = 0 (vs not = 0): T-Value =-9.11 P-Value = 0.000

Paired T-Test and CI: psize=16, psize=32
T-Test of mean difference = 0 (vs not = 0): T-Value =-12.73  P-Value = 0.000

Paired T-Test and CI: psize=16, psize=40
T-Test of mean difference = 0 (vs not = 0): T-Value =-16.16 P-Value = 0.000

Paired T-Test and CI: psize=24, psize=32
T-Test of mean difference = 0 (vs not = 0): T-Value =-6.64 P-Value = 0.000

Paired T-Test and CI: psize=24, psize=40
T-Test of mean difference = 0 (vs not = 0): T-Value =-10.65 P-Value = 0.000

Paired T-Test and CI: psize=32, psize=40
T-Test of mean difference = 0 (vs not = 0): T-Value =-6.43 P-Value = 0.000
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Results for: time

Paired T-Test and CI: csize=16, csize=32
T-Test of mean difference = 0 (vs not = 0): T-Value =-11.49 P-Value = 0.000

Paired T-Test and CI: csize=16, csize=48
T-Test of mean difference = 0 (vs not = 0): T-Value =-15.05 P-Value = 0.000

Paired T-Test and CI: csize=16, csize=64
T-Test of mean difference = 0 (vs not = 0): T-Value = -18.05 P-Value = 0.000

Paired T-Test and CI: csize=16, csize=80
T-Test of mean difference = 0 (vs not = 0): T-Value =-17.87 P-Value = 0.000

Paired T-Test and CI: csize=32, csize=48
T-Test of mean difference = 0 (vs not = 0): T-Value =-7.83 P-Value = 0.000

Paired T-Test and CI: csize=32, csize=64
T-Test of mean difference = 0 (vs not = 0): T-Value =-12.46 P-Value = 0.000

Paired T-Test and CI: csize=32, csize=80
T-Test of mean difference = 0 (vs not = 0): T-Value = -14.68 P-Value = 0.000

Paired T-Test and CI: csize=48, csize=64
T-Test of mean difference = 0 (vs not = 0): T-Value =-7.30 P-Value = 0.000

Paired T-Test and CI: csize=48, csize=80
T-Test of mean difference = 0 (vs not = 0): T-Value =-10.12 P-Value = 0.000

Paired T-Test and CI: csize=64, csize=80
T-Test of mean difference = 0 (vs not = 0): T-Value =-4.74 P-Value = 0.000

\\\?{.r

Rip = T g d o 40k 6223 % 62577 > 1 f2& 8ok B LT
TEF R GEAGT T * 1~ ] (populationsize)=40 £2 ¥ ik if i

(countersize)=32 ¥ » B B/ FE 2 ) B E A RPBEFTEREPREFFR o
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b iE i (countersize)=32 FF » BN ERARFIRT 0 A E R R4AY iE E
AR RRFE 2 B an i—?‘ o Tl e R 15 AR IR T (gl
L &ﬁ?(P)OS RHAE(P)=04 #4804 | 3 SR&E% L ERS

R o

N

6.4 B @FHZ R WhE> N

AE R IFIT L ¢ WA iE R F] 0 Yao and Huang(2005)7 1 ¢ > %
¢ RY YR > VAR Bk lik c AR AR I Mt o FP AT D
FRFEZHPEE D BRADFHELE B TR

6.41 # k&P d WhE
L .ﬁ [ NS ¥ & ]‘xﬁzp R £ g cdd % :‘hﬁﬁ’;;k » F] g & ﬁg_,_ﬂr-ﬁ it E %th
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4 N bits )

P Pi

1 |64 41816 8 | 2

Bl 6.4 A fFBeind & 4 %S
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6.4.2 R 5
PG EREEEY 30K 0 1A 62 @A E S [ Rk L
# * Teng(2005)e07 38 o
# 6.26 FH PR G SE

RARE R F SR #OR kK FH S T 7R ()

TR N Teng(2005) 18.4277

by B BNPE. R B JNPE 8725.4237

6.5 # @R 2 LR FERE RBIFEH B

Yao and Huang(2003)#& ! > 2 fe F 5 R B 4r T 5 > R IR
B e A gRFE A TR >  Bip{ FooeFE IR KA
AR REN o AR AT I B E RS o TP ATy ol B E 2
BB N HR AU S p R p,F R E 7 R i g

1. 2pes (p,): paet B pll=0.8 B4 & RjF i T "% 0.001 2 p°=0.4

oo

_

2. REF (p,) P AT R pi=04 B 20,001 3 p=0.8

oo

Mgt b » AR e IR B 2 R Y N IER AR HI(- ) [ iTE
E30F 4 Tog A TR EERE R koS 20 R PR AR
%?F?Fé*iiaﬂmp%ﬁ—gmg_ﬂo

beor AR R R IR PP | TR ERERR) | Tipd 4

+ 20.1316 276628

i 21.7590 277090
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6.6 # & st EFX AR P RN LA BFE R
EH 64265 FFEH APHBIN T EAFEATT R RFEIEK
Lo MR AR B R 2 B AT o
B R RE T L F (P08 R F(p,)04 A )
(populationsize)=5R ~ ¥ it i% i* (countersize)=4 R ~ i¥ # /& 4
(SP)=2 o £ 34 {7 * Hc3t+=x B countersize=1 °
HB2IFEAIMEREFLI WABB L A MERZLEKIRB -
HHI AL LI MER G R » 2 %8 + /| (populationsize) 774~ 42 %8 ©
HAAFE A S P ARSI BGE BAR SdkiE) o
HFS T REFRI WEE TR
A6 K MR R EFRA
HET A AEF LOX e 0 L RE(p,) -
HAE A I T PBM X% REIF(p,)
# 2% 9 1 4 counter =counter +1 ° £ 47 ¥ 3 43%3.% 8 > ﬁi%]:':? 7 f%
TC™ (k. ,B) » & FITCX™ (k,,B) iE 3|3k T2t 1k i % (countersize)

;FK;‘,‘Z? Pl o FooT B i fRARY a0 BB E o
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6.7 %f}l]?;ii.ﬂg
N R AR DI (TR R e F) 0 (7 B B E e bRP

AT R B AT RAZRI LB 6.1 -

B Rk S L (p)=0.8 X% F(p,)-0.4 4 4L ]
(populationsize)=16 ~ ~ ¥ 1+ if i (countersize)=32 ~ £ # /& 4 (SP)=2 -
£ H 7 At B countersize=1 ©

HHLGEAIMERETLS WAE o L LS WE RGP 8 o

K3 ARG WER S 8 A ] 5 40 e ke R A -

HAFAFEAATHEP RS BGERBR SEE) ok 627 77 o

HS:

TS RD R > ek 627 T o

#6.27 B H A A MY S PRI

j i A28 5 B, TC, w1 (x10%)
1 |6[4[5|7|8[2]1]|3]0.2672 | 295020 0.3390
2 12]15(34|8|1]6|7]0.2795 | 300730 0.3325
3 (5(6(8|3[4[1|7]2]0.1966 | 277340 0.3606
4 16[2(3|7|4|1][8|5]0.2672 295010 0.3390
5 11(3/8(6[4[2|5]|7]0.2782 | 301470 0.3317
6 |7|1(2|8[5]6|4][3]02818] 299310 0.3341
7 16(3[1[8[5]2]4]7]0.2457 | 292180 0.3423
8 | 5841 [3|7|6/|2]02462 | 292910 0.3414
9 |6(3[1]2]7]5]4][8]0.239 | 292520 0.3419
10(6|7]2]1|8|5]|4]3]02606 | 292250 0.3422
11 |4]|2]6[7|1]8]3]|5]|0.2825 | 298930 0.3345
12 (5|3(2[8|6|1|4]7]02518 | 289410 0.3455
13(2|7]6[4[8|1|5]3]0.2825 | 298930 0.3345
14 (2|3[5]6|8|4]|1]7]02085 | 297040 0.3367
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I516[13/4[2|8|7]5]0.2627 | 290930 0.3437
16 |73 |8 16|1[2]4]5]0.2858 | 296960 0.3367
I713[1(81416|5]7]2]0.2682 | 294410 0.3397
18 181416523 |1]7]0.2782 | 301470 0.3317
1913 (8|7 16|1[2]5]4]0.2824 | 298960 0.3345
20 (31217 |5]6|8]4]0.2708 | 297270 0.3364
21 171211168534 02828 | 298740 0.3347
22 18121635741 0.2683 | 298750 0.3347
23 181214 |7|5(3]1]6/|0.2636 | 297190 0.3365
24 1718|164 |1|5]3]2]0.2854 | 297190 0.3365
25 1211|5164 |8|7]3]0.2789 | 301080 0.3321
26 |5(3(18|7|2|1]4]6/]0.2312 | 282600 0.3539
27 1512171614 ]8]3]0.2650 | 297060 0.3366
28 1 7(5(1812|6|1]4]3]0.2835 | 298320 0.3352
29 14167 |12|1|8]5]3]0.2798 | 300500 0.3328
30 (71815162341 0.2858 | 296960 0.3367
31 (7131854261 0.2855 | 297160 0.3365
32 (71412653 [8|10.2850 | 297420 0.3362
33 (816513274 0.2131 | 284140 0.3519
34 (64138725 0.2798 | 300500 0.3328
3515121468173 0.2647 | 290760 0.3439
36 |715|3|1(2]4]6|8] 0.2815 | 299520 0.3339
3714156218371 0.2798 | 300500 0.3328
381831415276/ 0.2507 | 291350 0.3432
39 (3171285461 0.2748 | 294830 0.3392
40 |4 |7 (6|1 |8|5(3]2]0.2812 | 299700 0.3337
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% 7.1

2 S RPE R Sk N L

# 5 e b2 = PN L E LR LNPES

Teng(2005)

kN = A -2 S B =k R N 2 RS - S
1 | $272,560 | $301,130 [10.48%| $281,930 [3.44%| $273,210 (0.24%
2 | $272,740 | $300,060 |10.02%| $280,420 [2.82%| $272,740 |0.00%
3 | $255210 | $287,420 |12.62%| $260,920 |2.24%| $255,210 |0.00%
4 | $266,930 | $294,190 |10.21%| $271,430 |1.69%| $266,930 |0.00%
5 | $266,540 | $298,690 [12.06%| $270,330 [1.42%| $266,540 |0.00%
6 | $255240 | $290,800 [13.93%| $259,050 |1.49%| $255,240 |0.00%
7 | $259,860 | $289,950 [11.58%| $266,670 |2.62%| $259,940 |0.03%
8 | $269,010 | $298,010 [10.78%| $281,140 |4.51%| $269,010 [0.00%
9 | $255,040 | $287,070 |12.56%| $260,740 |2.23%| $255,360 |0.13%
10 | $273,800 | $302,860 [10.61%| $283,610 [3.58%| $273,800 [0.00%
T o

11.48% 2.60% 0.04%

ExS

- 120 -




712 BEREV R

Aol TR I R e 52 2 iy o 1A 7.2 0 10 e b KR T
T fRR PR ch T 0@ R R 0.0671 F) 5 BN w R 2

T E R R 01240 ) 5 # BIFE 2 T oE K PR Y 17.5457 )

Teng(2005)3% 1 efizj2 T 328 8 P 3 & 4251.0547 ) FI %P 0 257 3

B e 2 B4 ek o

372 wAES AR R

T INDE: R (F)) BHc(&E Y2 R)
Teng(% #i2) 4251.0547 63354
R 0.0671 1
J=ar SEAE RNPES 0.1240 2
TR ES 17.5457 261
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712 R+ AREE R EKRTRE R
REIELREH LT

L iERRaERT o AR kRN A
T L ik fe i

T oo d Teng(2005)4% 1 enfzi: > £33 Y
Bds| o o R 4L 3 apE LY R 4
N EIE - RS RN R AR

501=3x 10% 8.8
PRI AR Y R R R e R

7217 LisdfTions i

R¥pd 737 LR AEFE G 10 RETHEIALE > HP AP
TR FAFEZEZGFEZ L LEORBEFT 2 s A
2 RF TR A AL X iR o

2 7.3 Z a7 T30S AR

L RE SESK S
e R 2510200
JZar SEART S 2281200
;TR e 2261400
722 I LixpAREE T
Aol FErRFEF I B E g > A T4 T L iE

i
%ﬂOﬁﬁﬂiH%@$%’”mﬁp ﬁmmﬂﬁfﬁﬁfﬁé@ﬁ%
3 TR > 13 Teng(2005)3 j2 sy (FpFER 4P 0 £ 5

E)
ki
23 adFamed o hAg
R G

G oo RPREILE hE RERE SRR o

7.4 ZECEERR

w2 7)) (s E Y R)
B < B 0. 1515 1
o N B 0.2814 2
B HFE 1246.2544 8226
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ot i Siendb FEERARE B > L ERECERASE FFS F
FRypA T FRECEGZRIERASFA HEET R L FHEFE
A7 %% Chouetal.(2003)shH-5¢ > # 3 M2 R 2, {5 BiTaiye
R AP TR OSEAFFTIES LS TR T T RS A 0 5
T2 o 1 ***ﬁ~%m’#ﬁ%ﬂﬂmﬁwﬁﬂ M? iE 2 - BE
Bk ok RRE AT B AR BB IR 6 ARk St
4T pa A A o] 1L oo

AP RF L NE LB EED TSR RE ST B
ﬁﬁ@i?fﬁ%3%ﬁ%ﬂ~%5@§%‘%ﬂiﬁ*ﬁﬁiﬂ%%*
N RFAHADFE 2 SERTEFRELSN OB NG L AET D
Qﬁﬁﬁx%ﬁ’@ﬁ@ﬁﬁé‘ 3 AL B AF hE i o

AT AR E R R F PR AR S AR PN FE e
ﬁ@ﬁﬁ%oﬁ%&%%%ﬁ%%’”m S SN Ea L ST RN
%za“m]‘\ﬁcrrr%‘”*’ FHATF o —"z O T RERE R 0 2 o B S
F enpE e 4R ﬁ’ir‘%?f"“«@ﬁw’ﬁ;z EARIE- BB JUEIN S Ay AR e
CRPERE o AT BT RERERIIEL Y o U BGEF DR 1
B A= S U AT 3R iR B (7R AE B R ARiE i PR A
HE AR TRy BEAEL T ReE B 44 o

k

\
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14 A Proposition 1 2 &P

HUYRPREM A3 0 F REEL T, UeT,,.  tTel - 24— B84
T4 7 & RBINEHEFLPFTF L, L, 025 0k &
T ={t|teT,t<t)Nt<t)n.nt<th)} (A.1)
£k =min{t’ —-t:i=0,..,4 -1, teT },r=23,..R -

¥ - BHEE G fR AL 0§ 12 fR(feasible solution) 0 & F i b1, &2 3
EERFPEET, T, T,,..,T, c BRRXF # - BEEFE > @& HEF
YisYosYsooos Yo I PR EIEHRE 2 2 30 (K, > 0) N (K, >0) NN (ke >0)
Bk haxet =0t >k, r=23.. , RehEF o Fp > 74wl
Vs Ysseoo Yo ERT]E FE R b 50 45 5 (shift) K, K,,..., K & » 7 BT - B (7

F o JrF

t =t Vi=01,.,4 -1

_ _ (A.2)
t" =t —k,r=23,.,R Vi=0,l,..,4 —1
é‘: It1 = II
Hirtla 3
' —d if t7—k, <t<t’,t’eT
g :{Itl 2 Iotheﬁwise< e vielo.n) (8.3)
t
it a3
1> —d if 'k <t<t’ t’eT
|P=] T B R Vte[0,T) (A.4)
l, otherwise
Yot IR SR 4R
Hrtta 3
= |1 —d if t°—k <t<t®,t*eT.
"R:{lt“ ) | othRerwi:e' A vte[0,T) (A5
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=kB=2"B P 52Lp Fi#c BeR T 1YL Y, Ve Y
Bt P EEE te[0T) > 3 Ry 23, Ra 2 o

o FER T proposition © m

et
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4k B Theorem 1l 2 #

¢ Proposition 1+ ¥ 12 Bt =t) =t  =..=t7 =0 - £ Z & LTI H
5 |
BAEHRFE LA Z CRABRRE > 7 R,R,.. R AT Rk AR o

|+w

L
|

=R,R .., R TIRGF T 7 KRB E k£ O,O,,...O, #**M, 3 3
Foopat e A ER,R,.L R HAM, 0 F G (aggregate) § Fik
FZI’FSI’ Fﬁ,l ° F} % ]l'\ﬁ"&ri‘tzatw--')tﬁ ’ lE'lk ,ﬁ»\"ml\/l ’Ii”l:ﬁ% L}{

R
2.4,
r=2

%(F L+ G+ + T )= (d2,1+d3,1+...+d§’1): :2

& b FE K (echelon) ez bok B gl &l +Q 2 B E

(B.1)

(fluctuate) » & F T 35FF & & E |O’M1 +q% o ¥ 1) T iF #h oL a3 E ko g

1,3 1
Lo, 5 (@ =20, )=l o [0 () 4T () —) 4t T ~t)] B2

BE s LA EI B RPHEM TEGERE FER, F
oA AR ARAF o 5T ALY M 4 [ (stock out)(F KA ek i &
R RPN, KEEEFAREL Tt =t =t) ==t =0 °

[[S,ydu = (T, + T, +..+ T Dt ([t/t, [+1) © & 7 ispr 0 3/ pFF t
R AM, Sl

[D.(wdu =Tt (t/t, |+1) + &7 F Rk 2R EFEF 0 HIPFE t F
FRhpHM, lcf o r=23,.,R o

R
A4 (stock out) > 3¢ F o, + [ S (u)du > zl[[;Dr(u)du]o

SR PR g}gl)T()Z[[ D (u)du] '[ S,(u)du (B.3)
o, = max T, {[t, (/8 J+ D)= [t /e, J+ D]+ e /e J+ 1= [ /e J+ ]
ot Tt (/t Je D= [a i/t J+ D)} (B.4)

Syt = A0YL = ALY = ALY = A©
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ft=tAO+a O =t,A0+a,O=tLA0+a,1O)=..=1A () +a (D)

A AWM, A0, A1), A 0,2,1,8,0),8,1).a,1) 3 2] # 7 2
a (t)<t,a,(t)<t,a(t)<t,,..,a. (1) <t;
AO<TLAO<TLAO<TL o AD<T

gcd.(t,,1) 7 4 (divide)a, (t) —a,(t) -
g.cd.(t,t) 7 £ (divide)a, () - a (1) °

P32 god.(t,t) 7 4 (divide)a, () —a, (1) -

AL ged.(t, 1) ¥ £ (divide)a, () —a,t) > r= 23,...,R o
gy

{t.(yt J+1]-[edye J+ 0+ {ludyt J+1] -ty J+ D

bt oy, J+ - Lol

=LA +t, —tAD) -t} +{LAD+t, -t AD—t .+ LA D+t —tA) -t ]
tA®-tAOI+t -t} + EAO-tAO]+t -t ]+ + LA O -tAD]+t -t
a®-a0+t-t}+ab-ab+t-t}+. +a®-a,0+t, -t}

(B.5)
7l at)<t,a,t)=0 - #rr1a(t)-t —a,(t)<0
#rrl g (t) -t —a,(t)<—g.cd.(t,.t)
Fi2a(t)-t —a,(t)<-g.cd.(t,.t)
Fr2a(t)-t —a, () <-g.cd.(t..t)

AR at)-t—a)<-gcd.(t,t)  r=23..,R -
@

v E T

It/ [+ )= o/t J+ oI+t (e + 0=t 1+ 0l

+ (|- Qe [+ D]

<t +t, +..+t —gcd.(t,,t)—gcd.(t,t)—..—gcd(t,t) (B.6)

2
R
=2

[t —g.cd.(t,t)]

1% %% 2 7 (Buclidean)i# 5 i ¥ 3 5 & F 2Tt i ¥ o

r
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Jmax e (v Fe=[u Qe i+ sy J+-fo Qv J+nb

oyt =Tyt )

=t, +t, +...+t. —g.cd.(t,,t,)—gcd.(t,,t)—..—gcd.(t,,t) (B.7)

[tr_ng (trat )]

LS}

MW\

1
I
S}

v, hic ] BF @ L4 B (stock out) A

Lt - g.c.d.(tz,tl)]+ L[t —ged.(t,t)]+..+ T, [t —g.cd.t,.t)]

= err,l[tr - ng (tr’ 1)]

FEILEE M, B T 3R aE B R AL

L[t —g.cd.(t,,t)]+ [t - g.cd.(t,t)]+...+ T [ty — g.cd.(ty,t)]

+ %[rz,1 (t, —t,)+ Ty, (1, —t) +..+ T (4 —t)]= F“B(tz +1,)-g.cd .(tz,tl)}

(B.8)

+F3,l[%(t3+tl)—g.c.d (t3,1)}+ i B(tRH) gcd(tR,l)}

= ZR:R{%(L +t)—g.cd.(t,,t 1)}

(B.9)
$0 0 W R HEM, j=23, R EFEF %
R
| Ed ] 7 38 A3k (stock out) LY T, [t - g.edu(t,.t))] (B.10)
r=1

r;j

$EM B ST B T M%ZR,{ t +1,)- g-C-d-(tmm} (B.11)

r+j

EEEPN T R AT B kR ii [ ( tj)—g.c.d.(tr,tj)}(B.lz)

*HH

SAA P LR 22t 2.2t :P\”er"‘?*’ﬂ"&"*'?% O

R

z{zr[ 61+ z t—t)} {r =4 —t)+z [(tr—t,-)}

Zi{iFr,jB(t,- —L)}—ilﬂ, —( —tr)}} (B.13)



C.1 £ & »t-}%,;’éxlijpzﬁa\ﬂ\bk’,}ér' oA A i
}@J—Ji’yii-,;\xﬁ‘.)\l }’@/ﬁxo)r'»rﬁ Bg\,j\r)‘i/ﬁ\r' ’}rg\.j\:Ar
Ay AR TR - 2 b O ik di=

R
B e TR BB AR E S AEET Py A R=) AL

R
%u’%@%@Tm%@%ribaﬁﬁiﬁ%rﬁﬁﬁiz-%ﬂ

C2#M/f fiy b ELTIBREFAEBr A dnf
B/ R ATy F A T AW ARG F R A k=
R/ T Ay R TR - 2 i s e

B/F A T M RRE AR BT § A=Y A

R
T R R BT P B TR E S AE BT S A=)

T
-

CIHR/FFRHE AT RETIBRESAEBEC R S 2hfe
BR/R Y F R FARECIRFRERE A AL R A A=g
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j=1
R
g WA T O LR T p kS A=) C; D, T
j=1
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ZRECIABRE TN 0 P &EGEERFEM )=Y.D, T
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j=1
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VT@?—D R IERGE A AR AEE A (S A Sk

95 4.6 &0 B T 3953 b 455 = A (average holding cost in hub) s #c &

AT AT AT Z ZZD { (tj—tr)} 33D, { (tr—tj)} (D.1)

j= r=jieR, r=1 |eR
|¢h

STIL g R=3pF > S sh N g 0 ok B e T

LIH'S D, +H YD, +H'SD,, +H'Y D,
2 ieR2 ’ ieR3 ’ ieRl ’ ieR] ’
izh izh izh izh
42l H'S D +H'Y D, ~H'Y D, +H'YD,
2
+24-H'¥'D, ~H!Y.D. -H!¥D, ~HI LD, (02)

FR=4F o @) ho i f ok BT

SIHISD, +HIXD, +HIED, +HIED, +HIXD, +HIED,
2| = i R = = =
+24-H'¥D, +HIY D, +HI¥D, ~H!YD, +H! YD, +H!¥D,,

2
+5) H'YD, —H'Y D, +H'YD, —H'YD, —-H'YD, +H YD,

2
+t_4< _thDi,l _thzDi,z _H:ZDM _H;ZDM _H;ZDiA_HhZDiA

2

(D.3)
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W E  w iERARAATRGEE 1)

2131 #j ik F&F

M, M, M, M,
0 1606 0 1923
460 496 0 499
463 462 0 500
464 479 0 447
419 497 0 428
1632 0 0 1693
442 424 0 447
433 450 0 413
445 456 0 430
463 494 0 439
0 0 0 0
406 417 0 446
462 405 0 422
438 452 0 425
452 409 0 492
1751 1882 0 0
481 411 0 479
500 437 0 453
477 428 0 456
488 429 0 496
10676 10634 0 10888
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2132 #praHEoG e <4
g M, M, M, M,
0 1.59 1.93 0 1.79
(1,1) 1.67 1.31 0 1.45
(1,2) 1.69 1.3 0 1.45
(1,3) 1.64 1.24 0 1.39
(1,4) 1.61 1.29 0 1.45
0, 1.25 1.91 0 1.52
(2,1) 1.6 1.31 0 1.37
(2,2) 1.67 1.23 0 1.44
(2,3) 1.61 1.3 0 1.36
(2,4) 1.62 1.25 0 1.45
0, 0 0 0 0

(3.1) 1.66 1.24 0 1.37
(3.2) 1.69 1.26 0 1.43
(3.3) 1.69 1.29 0 1.4
(3.4) 1.64 1.28 0 1.42
O, 1.69 1.25 0 1.44
(4,1) 1.65 1.32 0 1.42
(4,2) 1.69 1.24 0 1.38
(4,3) 1.63 1.3 0 1.42
(4,4) 1.69 1.25 0 1.44

@ IR G R S A

M

2

M

3

M

4

8.3

0

9.9
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%134 @WiEFHE =T S A

M M M M

1 2 3 4

H' | 07 | 0.8 0 0.9

% 13.5 LERBEETREXALBEC FF A A

R R R R

1 2 3 4

A 692 | 691 0 631

R R

% 13.6 @EFHTHE X ALBEC FHF LA
R, R

3 4

A" | 797 | 910 | 771 | 806

2137 FHRBAREIAZEC FF LA

i,r R1 R2 R3 R4

1 289 380 593 341

246 388 568 191

285 411 711 303

A W DN

296 403 702 234
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313.8 i e v Mot @

AR kT EFadREERL, B

R =1{0,,(1,1),(1,2),(1,3),(1,4),h} R,={0.005,0.02,0.045,0.06,0.08}
R;' = {h,(1,4),(1,3),(1,2),(1,1),0,} R, ={0.02,0.035,0.06,0.075,0.08}}
R, ={0,,(2.1),(2,2),(2,3),(2,4),h} R,={0.02,0.04,0.055,0.08,0.105}
R,' ={h,(2,4),(2,3),(2,2),(2,)),0,} R,={0.025,0.05,0.065,0.085,0.105}
R, ={0,,(3,1),(3,2),(3,3),(3,4),h} R,={0.025,0.05,0.06,0.085,0.105}
R, =1{n,(3.4),(3,3),(3,2),(3,)),0,} R, ={0.02,0.045,0.055,0.08,0.105}
R, =1{0,,(4,1),(4,2),(4,3),(4,4),h} R,={0.005,0.03,0.05,0.07,0.08}

R, =1{N,(4,4),(43),(4,2),(41),0,} | R,={0.01,0.03,0.05,0.075,0.08}
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213.9 #rpprEEmEL/AL YA

Ci':i I\/Il MZ M3 I\/|4
o} 0.3 0.19 0 0.25
(1,1) 0.26 0.46 0 0.36
(1,2) 0.49 0.38 0 0.5
(1,3) 0.43 0.27 0 0.48
(1,4) 0.39 0.32 0 0.49
0, 0.2 0.18 0 0.21
2,1) 0.26 0.5 0 0.39
(2,2) 0.37 0.49 0 0.26
(2,3) 0.28 0.43 0 0.26
(2,4) 0.45 0.41 0 0.43
O, 0 0 0 0
(3,1) 0.45 0.42 0 0.5
(3,2) 0.46 0.48 0 0.26
(3,3) 0.44 0.45 0 0.45
(3,4) 0.33 0.31 0 0.32
0, 0.23 0.22 0 0.13
(4,1) 0.38 0.48 0 0.44
(4,2) 0.32 0.4 0 0.5
(4,3) 0.49 0.35 0 0.39
(4,4) 0.31 0.3 0 0.46

£ 13,10 #EpFHE =%/ i+ 4

M M M M

1 2 3 4

Ch | 023 | 0.24 0 0.24
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W F N ERARA R TR L)
3141 414 B0 F £F(A)

g M | M, | M, | M, | M, | M, | M, | M
o} 0 |1829| 0 | 1584 | 0 0 [1623| 0
(L) | 429 | 444 | 0 | 454 | 0 0 | 456 | ©
(1,2) | 489 | 458 | 0 | 445 | 0 0 | 402 | ©
(1,3) | 450 | 480 | 0 | 474 | 0 0 | 420 | o0
(1,4) | 439 | 406 | 0 | 425 | 0 0 | 413 | o0
O, [1995| 0 0 |1926| 0 0 | 1713 ] 0
(2,1) | 440 | 449 | 0 | 485 | 0 0 | 489 | 0
22) | 454 | 480 | 0 | 458 | 0 0 | 438 | 0
(23) | 423 | 469 | 0 | 437 | 0 0 | 49 | ©
4) | 404 | 402 | 0 | 420 | o0 0 | 497 | 0
0, 0 0 0 0 0 0 0 0
(3,0) | 463 | 438 | 0 | 471 | 0 0 | 444 | 0
(32) | 434 | 489 | 0 | 448 | 0 0 | 493 | 0
(3,3) | 487 | 429 | 0 | 489 | 0 0 | 460 | ©
G4 | 411 | 423 | o | 433 | o0 0 | 459 | ©
O, [1702 | 1911 | © 0 0 0 [1575| o0
@1) | 417 | 492 | o | 481 | 0 0 | 497 | ©
42) | 480 | 496 | 0 | 480 | 0 0 | 404 | ©
@43) | 429 | 421 | 0 | 469 | 0 0 | 401 | ©
@44) | 494 | 416 | 0 | 480 | 0 0 | 488 | ©
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#14.2 #r3 k v F KFB)

O, 0 0 0 0 0 0 0 0
(5,1) | 445 | 437 0 406 0 0 452 0
(5,2) | 459 | 460 0 493 0 0 466 0
(5,3) | 449 | 419 0 443 0 0 450 0
(5,4) | 466 | 446 0 495 0 0 454 0

O, 0 0 0 0 0 0 0 0
(6,1) | 468 | 497 0 422 0 0 456 0
(6,2) | 410 | 468 0 433 0 0 423 0
(6,3) | 401 410 0 463 0 0 402 0
(6,4) | 483 | 473 0 497 0 0 411 0

O, 1766 | 1981 0 1921 0 0 0 0
(7,1) | 476 | 449 0 467 0 0 432 0
(7,2) | 445 | 489 0 439 0 0 430 0
(7,3) | 410 | 468 0 469 0 0 486 0
(7,4) | 425 | 489 0 487 0 0 493 0

O, 0 0 0 0 0 0 0 0
(8,1) | 430 | 430 0 453 0 0 489 0
(8,2) | 426 | 466 0 466 0 0 489 0
(8,3) | 451 410 0 434 0 0 419 0
(8,4) | 433 | 457 0 408 0 0 475 0
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£ 14.3 4B FHEGHEF S AA)

i,j M, | M, | M, | M, | M; | M, | M, | M
O | 132|164 | 0 1.4 0 0 | 142 0
(,1) | 1.67 | 143 | 0 | 132 ] 0 0 | 153 ] 0
(1,2) | 1.66 | 139 | 0 | 124 | 0 0 | 151 | O
(13) | 1.72 | 135 0 | 125 ] 0 0 | 151 ] O
(1,4) | 1.69 | 142 | 0 | 128 | 0 0 | 159 0
O, | 164 | 163 | 0 | 118 | O 0 | 159 0
21| 1.7 | 134 0 | 129 ] 0 0 | 155] 0
22) | 175 | 136 | 0 | 127 | 0O 0 | 152] 0
23) | 1.75 | 139 | 0 | 127 | 0 0 | 154 ] 0
24 | 1.72 | 136 | 0 | 131 | 0 0 | 154 ] 0
0, 0 0 0 0 0 0 0 0
G | 1.73 | 135 0 | 127 | 0 0 1.5 0
(32) | 1.67 | 141 | 0 | 129 | 0 0 |15 ] 0
(33)| 1.73 | 142 | 0 1.3 0 0 [ 151 0
(34) | 1.73 | 14 0 [132] 0 0 1.5 0
O, | 148 | 175 | 0 | 107 | © 0 | 172 ] 0
(41) | 1.66 | 142 | 0 | 131 | 0 0 | 159] 0
(42) | 1.67 | 141 | 0 | 132 ] 0 0 | 156 | 0
(43) | 175 | 141 | 0 | 129 ] 0 0 | 152] 0
(44) | 1.67 | 14 0 [124] 0 0 | 154] 0
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% 14.4 i3 BvFHEG#HFET S AB)

O, 0 0 0 0 0 0 0 0
S | 175 | 142 | 0 | 127 | 0 0 | 155] 0
(52) | 1.73 | 137 | 0 1.3 0 0 | 157 ] 0
(53) | 1.67 | 134 | 0 | 126 | 0 0 | 153 ] 0
5.4 | 171 | 143 | 0 | 126 | 0 0 1.5 0

O, 0 0 0 0 0 0 0 0
(6,1) | 1.69 | 143 | 0 1.3 0 0 [ 155 0
(6,2) | 1.71 | 141 | © 1.3 0 0 [ 152 0
63) | 1.7 | 136 | 0 1.3 0 0 [ 151 0
64) | 175 | 139 | 0 | 127 | 0 0 | 157 ] 0

O, | 125 | 152 | 0 | 152 ] 0 0 | 143 | 0
(7,1) | 1.74 | 142 | 0 | 127 | O 0 1.5 0
(72) | 175 | 138 | 0 | 126 | O 0 1.5 0
(73) | 1.67 | 136 | 0 | 128 | O 0 | 157 ] 0
(74) | 173 | 136 | 0 | 132 | 0 0 | 156 | 0

O, 0 0 0 0 0 0 0 0
Q)| 171 | 139 | 0 | 125 ] 0 0 | 157 ] 0
82) | 1.66 | 136 | 0 | 126 | 0 0 | 158 | 0
83| 172 | 137 | 0 | 128 | 0 0 | 159 0
84) | 171 | 141 | 0 | 132 ] 0 0 | 152] 0
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%145 b oERsE oG #T A
M, | M, | M, | M, | M, | M, | M, | M,
HT | 84 | 84 0 9.1 0 0 9.6 0
314.6 HEEE G FEG A A
M, | M, | M, | M, | M, | M, | M, | M,
HY 1 1 0 0.9 0 0 1 0
%147 whRBETRESRAEBCF Y A
R, R, R, R, R, R, R, R,
A | 609 | 699 | 0 | 695 | 0 0 | 737 | 0
% 14.8 EEHTREX AL BT FF A A
R, R, R, R, R, R, R, R,
A" | 920 | 729 | 848 | 865 | 1000 | 928 | 982 | 863
2149 FRBAREIALEC G LA
a,, R, R, R, R, R, R, R, R,
1 389 | 309 | 296 | 231 | 389 | 309 | 296 | 231
2 | 477 | 489 | 523 | 412 | 477 | 489 | 523 | 412
3| 424 | 420 | 340 | 366 | 424 | 420 | 340 | 366
4 | 348 | 463 | 282 | 434 | 348 | 463 | 282 | 434
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21410 #i dupr BemEERl, @

B
'i?\%\

kT iR R E

i/ —

R =1{0,,(L1),(1,2),(1,3),(1,4),h}

R

{0.02,0.035,0.06,0.08,0.105}

R™ = {h,(1,4),(13),(1,2),(1,1),0, }

R ={0.025,0.045,0.07,0.085,0.105}

R, ={0,.(2,1),(2,2),(2,3),(2,4),h} R,={0.02,0.03,0.04,0.06 0.085}

R, ={h,(2,4),(2,3),(2,2),(2,1),0,} R,={0.025,0.045,0.055,0.065, 0.085}
R, ={0,,(3.1),(3,2),(3,3),(3,4),h} R,={0.005,0.015,0.04,0.05,0.075}
R, =1{n,(3.4),(3,3),(3,2),(3,)),0,} R, ={0.025,0.035,0.06,0.07,0.075}

R, ={0,,(4.1),(4,2),(4.3),(4.4),h} R,={0.02,0.035,0.06,0.07,0.08

R, ={n,(4,4),(4,3),(4,2),(4.1),0,} R,={0.01,0.02,0.045,0.06,0.08}

R, ={0,,(5.1),(5,2),(5.3),(5,4),h} R,={0.02,0.025,0.035,0.05,0.055}
R. =1{n,(5,4),(5,3),(5,2),(5,1),0,} R,={0.005,0.02,0.03,0.035,0.055}

R, ={0,.(6,1),(6,2),(6,3),(6,4),h} R.={0.025,0.04,0.055,0.07,0.095}

R, =1{h,(6,4),(6,3),(6,2),(6,1),0, }

R ={0.025,0.04,0.055,0.07,0.095}

R, ={0,,(7.1),(7,2),(7,3),7,4),h}

R,

{0.005,0.015,0.04,0.06,0.07}

R, ={h,(7.4),(7.3),(7,2),(7.),0, }

R,={0.01,0.03,0.055,0.065,0.07}

R, ={0,,(8.),(8,2),(8,3),(8,4),h}

R,={0.025,0.045,0.065,0.09,0.115}

R;" ={h,(8,4),(8,3),(8,2),(8,1),0, }

R, ={0.025,0.05,0.07,0.09,0.115}
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21411 #“rp v EHE=Ei/a i L4

C! M, | M, | M, | M, | M, | M, | M, | M
O |025]029| 0 |[024| 0 0 | 027 | O
(1,1) | 028 | 037 | 0 | 038 | 0O 0 [ 037 ] 0
(1,2) | 049 | 0.3 0 [028] 0 0 | 034 ] 0
(13) | 032 | 043 | 0 | 041 | © 0 | 031 ] O
(1,4) | 0.48 | 0.5 0 (049 | O 0 0.5 0
O, | 011 | 03 0 [027] 0 0 | 023 | 0
2,1) | 039 | 048 | O | 032 ] 0 0 | 041 | O
22) | 036 | 026 | 0 | 027 | © 0 | 032 0
(23) | 041 | 049 | 0 | 026 | 0O 0 | 044 | O
(2,4) | 036 | 032 | 0 0.5 0 0 | 045 | 0
O, 0 0 0 0 0 0 0 0
(3,1) | 043 | 038 | 0 | 028 | O 0 | 049 | 0
(3,2) | 041 | 05 0 | 039 0 0 [035] 0
(33)] 032 | 041 | 0 | 047 | O 0 | 048 | O
(34) | 031 | 034 | 0 | 041 | O 0 | 048 | O
O, 015|019 0 |01l | 0 0 0.3 0
(41) | 035 | 036 | 0 | 035] 0 0 | 026 0
(42) | 028 | 038 | 0 | 049 | O 0 |039] 0
(43) | 046 | 029 | 0 | 031 | © 0 | 031 | O
(44) | 041 | 029 | 0 | 028 | O 0 | 048 | O
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% 14.12 #t5pvE E =&/ =+ 2B)

O, 0 0 0 0 0 0 0 0
(5,1) | 029 | 0.48 0 0.41 0 0 0.49 0
(5,2) | 047 | 0.26 0 0.29 0 0 0.44 0
(5,3) | 0.47 | 0.37 0 0.49 0 0 0.47 0
(5.4) | 037 | 047 0 0.34 0 0 0.36 0

O, 0 0 0 0 0 0 0 0
(6,1) | 0.44 | 045 0 0.33 0 0 0.5 0
(6,2) | 042 | 048 0 0.46 0 0 0.5 0
(6,3) | 043 | 0.37 0 0.41 0 0 0.32 0
(6,4) | 0.33 | 043 0 0.33 0 0 0.45 0

O, 0.13 | 0.22 0 0.16 0 0 0.16 0
(7,1) | 0.39 | 0.48 0 0.29 0 0 0.42 0
(7,2) | 033 | 0.4 0 0.34 0 0 0.44 0
(7,3) | 0.26 | 0.49 0 0.44 0 0 0.38 0
(7,4) | 046 | 0.42 0 0.32 0 0 0.38 0

O, 0 0 0 0 0 0 0 0
(8,1) | 035 | 0.48 0 0.39 0 0 0.4 0
(8,2) | 049 | 0.34 0 0.41 0 0 0.35 0
(8,3) | 0.48 | 0.48 0 0.35 0 0 0.26 0
(8,4) | 0.37 | 0.44 0 0.28 0 0 0.47 0

% 14.13 #F=5HE ki /i 4
M, | M, | M, | M, | M, | M, | M,
C, 0.2 | 0.16 0 0.21 0 0 0.21
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