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ABSTRACT

The minimum cost transshipment problems are traditionally defined as a
linear cost problem, to reduce problem complexity. In reality, the unit cost
decreases as the amount tramsported increases, resulting in a concave cost
function. Great efforts have been devoted to the development of solution
algorithms. However, they were confined to specical transportation networks.
Besdies, their methods were focused on local search algorithms or traditional
heuristics. Recently, researchers began to use advanced neighborhood search
algorithms to solve concave cost bi-partite transportation network problems to
enlarge search area and find near-optimal solutions. This type of research,
however, neglected flow transfers in transportation networks. We developed two
neighborhood search algorithms referring to the threshold accepting algorithm
and the great deluge algorithm to efficiently solve transshipment problems.
Problem characteristics were first explored to efficiently generate initial
solutions, which are then improved by neighborhood search algorithms to
near-optimal solutions. To evaluate the proposed neighborhood search
algorithms, we designed a randomized network generator to produce many ftest
problems. We employed C++ computer language to code all necessary
programs and perform tests on personal computers. The results show that the
developed neighborhood search algorithms performed well in the tests.

Key Words: Neighborhood search;, Concave arc cost; Transshipment problem;
Threshold accepting algorithm,; Great deluge algorithm
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PR SR LT MRS AT e PR (B R U — R S A 45 B
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Btk o (EASTEMIE » MRS SRR B e U BLR LB 42 (Yan B Luo ™) » BilANE R
BuvErh  —EORT TR - EERECRENIFT R RALIEIY © KIAER Rk
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HiftE TS - MACH TA - GDA Fl A= EEERIAS S TS Rl - KAETESEEE
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R DA RSB W S s A AR AT HAR RGNS AL @A (Yan B2 Luo ) »
PRI A TS50 P R e e s 2 B A SR A A PR = TR T
AR R E AL IA R -

Kuhn 2 Baumol " 442212535 (greedy method) S4Bl FRs sk - HORFgERIK
By ¢ RIR AR B A B NI RTIAR » € Yan B Luo ™! fFSErh - 3 225 HUR IR HA
[IFRD AR RS » SRR R AR P R R e T 2 B - AT AR BT R A
PE o HEFAFEARRIRE L o AL B (S BOE RS SE % - IREEHTHY x; DUR A BRI
cyfxy SEHTASBITETARERA  FEHCT — B RS B2 SERE T 4SBT U (R IR
AN FHRE/ NS o OIAARRERT R BRI R - AR aniE 2 s
EE 1. TEE ARG | DUSSE IE I P e B T B 2 Bk, WAk -
B 2. B BRI RS R RS N -

BR3P RAS BHE 2 T sR ¢
3.0 RIS B THRIR - ORISR - HIE TR 5 » SHEITHEE 3.2 -
3.2 {RAPEE 3.1 SRIZ GBS B FAR ISR BRI ¢, [, WEHTATA IR BYRA » L
TS IETE - RTINS B A SR A RS BEB H AR 45 B 2 SIS A - S ECER -
3.3 B TEERI T SR EMRIAT R B - RS NEI RS BE 2 E% - A0SR
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4.4 WIBRSCHTECER &~/ BLEE & x 0 F08% /7 BUEE R S, SOPTRR BT S B Be A
EIFEER 4.1
SEE 5. [l R EHEEE (flow augmentation algorithm) (Yan B2 Young ) M a7 i by
(IR o FLPER R Powell P 2 5/ N AR T B HE A B0 025+ £EAMIIR b sibine/ N
AT ERHEFEEAS (least cost flow augmenting path) » DURITTIRENEE (FEMHIERDE
FEBE R L R A A HE R Il — (e e At g -

5.1 & —HiEL R Ryfdfretel ZAREE (root) - F0Ek R fA—{7%11 Q H -

5.2 FHEY Q FEE—EARIEAC B Ry a o AFTH BV > HIEI B 5.6 -

5.3 1B a TERERE AR BiTEG - BEIRH/ NEIRMRFLL b F9R » FORERE—E b
HIEIEPEER 5.2 -

5.4 7% b R > HUIELEE 5.3 B F—(H b 25 b RBEEARE Q b » HIZISK b
AFESET Ry a > K b AC8RAE Q > [EIEPPER 5.3 W # N —{ b 25 b RAERCHAE Q
Hho RIETTABES.S -

5.5 HERPAEPE R - ARBRTEL R LR - 00 PO S HE R A i g el P A
FRUE - THBRAERE o [AIEEE 5.3 R —{E b -

5.6 FBREHRTE BREHN EC LG R— I TR - I ETE AT E B S RO R R
B WEGERY - FBERE DA RS o — RS TP — et -

42 PIRERZE (TA)

Dueck B Scheuer ** 32k P 652 15 P ERFT IO R BB 2 S A UGS » LA
{ETA A3 AR PR T Pt T AR 32 - S a B gL ) DURE A A SRR DA i 7 43 i
FtB AR - ATl aE B YL 7 5 SR AR 1T DAHTES B A B
B BRI EERIE R FIBTE A EF I E s -

A 7RI RTET TSGR P B - AW e Ui U A A L ETRR A P e
of > BT SR HEFNAE BT B A TR - DU R - SR A (e _E BRIy -
AT AT RERTRR - RIS GEREAT m—n + 1 (m ki n BN (R R EI8
BB SO o AR A BRRRY - 18— 32092 > Golden B2 Skiscim S ]
SA Bt TSP [ > < n KIBEAERY swap Fo—f{ll epoch » A RCHRH rh i FEME AT HARME
X By - habe H iRy FAEEE A DARTE A — epoch By HAREAHIA -
PRI R AR IR - T T LAREIR « Yan B2 Luo ) JR&2 5 HAEL » FIF epoch
TSR B S P = AT > BIDRF IR = s g (e 3 s —{ epoch » [RIEA
WFE < EEETHREL epoch = n FRFEL > BEEEHREE Ry n~ 2n > 3n ~ 55 AfEREERTHR
32 HH G R B R B At R T 7 > DK 5 AR P AT e

EAHRIAL > Yan B Luo ™ ¥4 58 F R 5 0 HIBT R0 2 A SR — R Rl &8
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SHEHAREEREARRNE L BRAEER &R N —EirREET - AIF9E2% Yan B
Luo® 7 TA H3 R & AR i - SHEATRAAMIIEE T, ~ FIRBGIEEL num ~ 55X
TERRIFA TR BN epoch ~ [AIG 8L iter BEORHERKEL no_update SEZH - #EREIS R
(iteration) #EHlAMHEL > Htbikc BRP AT «
A BE . e AR R AG R
11 A BRI ) a2 B E AT A FE A i B AR A
1.2 85 T, ~ num -~ iter ~ epoch ~ no_update = £ count=0>x=0 -
A BR 2. ERURAERIART BT T
2.1 DARERERY T ARSI fos @i fige g R - W2 OGS R B BRI ER R I A B il
ERREHE
2.2 REE S HE R R ol P A ATy AT AT R A o AR AR
AR 3. BRI
3.1 FHEAE = Frfgny HAHE — HRIfER EERHE © Z5AE B/ N FIRGE {8 32 th—#r
figg » FARRBEFHA IR - A DHERE G TP B 4 -
3.2 FEsIERE - RIISEET HARHMEEL H Aiffi -
B4 FHEFERE (count > iter) HIBEMIMNEE 7, » x=x+ 1> count=0; RIS
count=count+ 1 > [O[FEE 2 -
B S, 25 x> um (REPIRBCBETSE - IS ASRIEEIE 2 -
HE - HLDORERKEL (no_update) PEHIZRM M - A Bt BR 3.2 FFh0E count=0
155 - TEE 49354 (count > iter) » ZEE (count > no update) -

4.3 KHIKE (GDA)

GDA fifi FRAESFIREE B TA ZAHSIFIUE T ARE » (BRI - — (R
SRR AR UK A » B B R AR UK F R I — R 2 - RIREE
% (Dueck P") o ARWIFEAEHKEIERE [ LIRS SATRIfRR EE » I DU BT |
e—SEIRE FCRE R K T AT AA B R ARk - 5B IHma - 5 AR B A B
fif » FUISE T I A A B [ AR » DRI /K T T BETRSAARG » HL 35 b B2 E i By
fift i He— E R R PO RO - AR PR SRAE L TA 5 F R 7 88 (LR VRl - ]
BEFTE Y R - BT e H A A ) B A2 2 1Y -

RIS FHRIAHE KR EEE Gy ~ HEKTE G ME S num ~ G R IR S AR 9K
epoch ~ [AI & iter BLASEFEZE no_update 25228 A A (iteration) HEHIRFEAL -
B LB BT
HER 1. A E AR AR

11 7 AR R A A SR I R A A o A A B T I A -
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1.2 %€ G, ~ num - iter ~ epoch ~ no_update » < count=0 - >x=0 -
AR 2. SEHURAEAVART AR T A HR
2.1 DABEHEAY 5 U AR fo @i -h SR HUERAR - 0538 Y 0 i R i R BRI A E Al
fige (fHfEeRss) -
2.2 FE EHEP AT B P A A T AT TR RS - WA TR EHAME -
HER 3. BT IR
3.1 FHEPUKE G = Go, HRTRATHI ERE (V, ) - 250 BASME (V,) /MR G HIlE
Wt —#rf% - AR G - IR GE T 4 -
32 %V, MRV, RIS ERTRERE 7, -
3.3 FEiEspmERe - RS H g el B EARE -
SBE 4. FEFKEF (count > iter) HIREHEHL/KE G, ~x=x+1> % count=0; FH] » &
count =count + 1 » [B[R([HEE 2 o
AR 5. 2 x> num AARCHEHBIGARAHKEE - BIFTR 5 SRIEEE 2 -
IR HUURER Y (no_update) #Efilmafilioni » A Lt B 3.3 §5hi - count =0

155 - TEE 409354 (count > iter) » ZEdEy (count > no_update) °

4.4 FBEBHIRIBIIFMEERZ R (TTA) BEXHKE (TGDA)

Fo THETERIFEAE - 8 G RR g pl— FHE AR T I 2 28 - DA e Fr ot
 ARWTFEE RS HAAHEE (TS) RIS E R SR EAHUKES » TS Ty Glover it
s - BIRCAERIE R - A Y5 B RRC IR e 22 A RC s R o
JEME - ARRFHER I EHE 2 AW REGAAAER &5 o 7 DUSE T -
Kk TS SedFafign BB RS - AN Erbe A B et - Glover ™) g
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AT FE R REAEZA ] SR 7 Bl Be T 20 55 FEC Sl T TR ARAE > R LUK
WOFTHIE R B S LA 5 s cycle RUBBENETSY - RIS AR =AY MR -
AN R K 2 I RIAERRES [ o I - AWFE2% Yan Bl Luo Y {EEEIIS ARk g
FTE AR EA > &3 E— i 0 B 1 ZREBEREELE P, - ATt BB 751
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ORI RS, - ISR EIE 5 HEARMIE - DUZS 2 TR B0 ARk e -
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RS ER B BEIE SR ARITSR ISR AT R © ARFSE U B AR - i
FRARAEZEEHI RS | BORAAEIEIE - B iR A TIA  ARITEE H AT (ks 1
HRSITRAR) ARIEIRE - FTBEERA AR o KM - 8 — B A BRI ER 1] 1 Rl -
(HAR RIS - HIBRIE R IR ] HIR T o KT - PRI R E 25 #5711
(1 E BiTRARII (HIDRRAL) - B 2 2 Fif IS E 2RI R 2 o - ORI S 5 1)
SIEERRIEAHRIR MR - KT DUESE - AR - B fig  REREHIERS] 2
T FOR R R - (DR R RIS AR - KR SR B0R G R - A
R e S2 I SR LA S T 1]  {E A5 — R TEMIA TS SN0 4% » TTA Bl TGDA
EFE R R T SRR Y s DB R S - LUERER
splss HTREASE AR 714 © KL - b TTA Bl TGDA SR &R - HERE IR
JFA TA B GDA W H A A O B BT A e PR POt B2 i e » (B
5 TA Bil GDA 1E1815 FAPIRGE B2 E - I TTA Bl TGDA HIEEHRR:S TS - GDA
TS HE R T QARG R SRR -

Bets o ARWFSE AP T, (SRS LR G,) ~ PIREEE] (EKirEE))
8 num ~ 7R RIS BSRETERE epoch ~ [ iter ~ ASEREAB no_update ~ BLZEH]
FRFIRE tabu_num S5 228 > 345 TTA B TGDA - H BSOS BT
SBBE | TR A

1.1 72 A R A AL S I A ok (A B e -

1.2 FASE e 28 -
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2.1 DUSEH 5 AT fpe et oSS MR - 8 HH Ol i R RIRRITA E T
(et -
2.2 FEERR R HEFA I BRI R A AR AT TR A - SR EARME
AR 3. FRAHTIENE |
3.1 {fki& TA 5 GDA 15 A HIETE st - B AEr TR 3.2 BRI LUHAE -
HEFTHER 4 -
3.2 EHTHUERAMES G S 1 o (Him e m R - SAESSH 1 1 RS H Rl
EATEZSHI AR 2 ks > JIRESZ I —#i% SR DUERE - 120 EE 4 -
3.3 FEHTZEHIRA -
3.4 TSR R I BE T EASE B [ Rif -
SER 4. TR - HIREP IR E kT SRIEESEE 2 -
AER S, FHFIRREBHKRBEASE - FIRTR  SRIEEREEE 2 -

M

M

5 - iR

Fo 1 RFA B VUSRI H LI SR AE8K > ARFTEHE BT AP S MR AR AR - L
FMSEE A IR AEEER - B DIANED TS UE A0 - BRI ARSI PRI i iRAc S
PR R AP H it 70 AT B P 22 - ANRIZEBE ] Cr+ 3 S SRS R SR R -
BTy K7-700 ZAE AN - AEIRSHEA0T © 5.1 ARtV RHIENERS L AR 20 BR 5 5.2 BE
B EE RIS RGE G HYRA 2 B 5.3 JiLL 5.2 FiFT Sy R R 2 Bl VRS Lt
RS AT =R A

5.1 MIRELRRNE

— i S HINE G R LR B U A 2 B 8 E - SR S FERYRERY 5
ZHRENHEEEERME R - R EAMFEB B S S s E BRI DIEE - He e e a4 2 1
2 DIELE 52U e 4 A B BEFHEI% (randomized network) - Demeulemeester 2 A5
FERIA FREBEREAE AN AU B 2 B S BRSO A - RIAEER AT RE R B A DA R R
I o JELUR I B 2 BB BB RS R A B4 Klingman %5 A P M8 HEHEIR AT -
Rk AR R ~ S NSRBI R S a A RE B M i 2 2R 232 =X (NETGEN) DI
SRR 5 Yan B Luo ! $FeSEiRmLIRE - 784 — 2081 EHA 7 a0 Mk A E i A iR S 1T
e

AT AR 2Ran it T B Se e E MK BRI n > DAETEGE S SRS AR
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BOBAERS LU IR Py FIBUR A AAERIIAR » EE RIS — o)) DRI
AR PRI - ARSI A7 2 AL B BSSEA - IR s P
ARSI » S TRATEETE A s 15 - HIPRAEFTRS - S FRAIR LA 2 5T
S (connected) 8RS » 5 RBREYE  HNEBE A5 ¢ # R Rl AIFORAT A
5 U T3 » A PSSR o sk GBS RS ST T I -
B AL A R AT AT T
HHO. AEENIANELE 0~ Pp s By vse &i=10a=2¢
S 1. S,

BB BRI » TRIHERERE R oo R, RIS 1 (TR -
S 2. SEREEER
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22 DI P, HIBE R > R; SRAEEE A B IR RAREL ¢ IELL P, FI

R, > R, SEASHEE » AR o, i -
23 j=i+ 1 # j<n H j-1<s QHEFPHBE22 0 SHli=i+ 1 HETHH 24 -
24 i<n QUEIEPEEED 5 i>n QEFPHEES -
PR3 REHBERR A AR SR 2 Wk S0 -
BB ST 4 -
S 4. HERRTERRATE
4.1 FEWER o BRI AR S 1 PR TR E RS FTLL P,
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4.2 SN 4.1 SEMGEHEY TR - Ao TR BRI AR

43 W o B | S5 ET RO 1 a=a |

44 3 a> kUG SRIESEEEE 4.1 -
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ABE 1. EELAAES -
L1 540 i = 1 HIREHCEEREES P TR R bha B, - BRCHHEES - BT8R 2 WHIHEST
HBE12
1.2 FEA—E 0~ 1 BIBLE F/NASER P RIIFEBREUE LS e, - KR P o
HIRE RO YA ES -
1.3 REEaAEEs > i=i+ 1.
AR 2. AT RES |
2.1 FAEAEERHLG - PEMENEE . ETET2E) - 28 Move Num K{Z 11 - £ 1L R E)
BIRYBEEE S S 1 [ 7R KE, -
2.2 FEECFEKE, -
AR 3. RINETEE  FEREA T EEBRME R L -
ABR 4 F i< Ass_Num > HIEIEEEER 1> FHIKER -

DA 7 = R RS A AE A I TR - R RIS 34 o Rl AN Se e
IR  WAELL HAER o ARWTZE R ACHIERAESHE > 45 10 ~ 20 ~ 50 ~ 100 B 150 ZEATEEH
HUE > BB 50 ~ 100 B 150 AURERE2HECE 0.2 ~ 0.5 ~ 0.8 =fEHEFIfLTREVE 2 D
1B > TS 10 Bl 20 AUHERSIRIETEE SR D FOHIEL D B Ry 0.5 ROfLFRBREEE - #3111 18
MR o 2[RI BG B o B B R A T A 2R 2 » HAMEEE AN AR B,
SEAEAE 50 2 300 2] FEEIG TR REAE 1 2 150 Z[H - FlanE 3 k20 fEiss 28 D =0.5
HOREEEE > ABFELL 20 0.5 FRoREAEE - HarEs /R AR HER -

x2 AR MREREIREREE

HeEs T RL 10 20 50 100 150
AR AR 17 47 220 730 1117
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5.2 MhIIESIR

FHASHE & i L RA B AN A REAURE - HOE A RSB BEE A E  XCERAFE
ARG AR B AR > 2B EIR AT RER BRI E - IRIL A S R 2 G T
a0 DUYIE ?ﬁﬁﬁﬁﬁ*ﬁ#%’fﬁﬂ%ﬁ%ﬁ’}%& { HERIE - AR R & i =
AR 2 REAREE NS > ERNE SRR AR - MIFEENLIE
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s

FE AT = R I 2 O SHIEGERE T - ARWTTER LR 5 5 SRS Y AR B Bl i
fir HAREAHLE - WLRRGE A HFOR - T HRFERFAG SR AAE A RIS T A B RS - 7R
72 E o FUil NFROREE T R B BAERL RS SRS SRy - ZRNITZE 12 2282 H rT TSR IR IR
W > HAE S AR B EMRIHE - IHERNZEECE - R R R i
A BIEART T A R RIS

5.2.1 FBHRHR

e I 3 A g e A Rt b cabica) (2 B[ JREEL 0y B a0 dabiva) deiatiat B
HIIFHIRER (Yan B Luo ™) » PRI AT 4 A SARIAAE » SEEH b R ARG
W 2 AR - G UGS R AR - IS 2BERE - HEH i
—RERBIAAI S IR AR N S 2 B RIS S« BURBFFE UM I aa R A 2
FEAEZE 1,000 fEfE > SERESCEL rh R AT A s VA S AR - S AT RS 3T A5
SEMRANZE 3 TR o HH3E 3 JREEDR IR IR A AT ks 2 ] -

®R3 EREEESEIRAEBEERE

s 100 02 100 05 100 08 150 02 150 05 150 08 S
AR EREE | 339274 | 598155 | 70202.8 | 54988.8 | 98198.0 | 106113.1 | 70540.93
RAEATL 10.0% 27.1% 30.8% 30.1% 32.2% 35.0% 27.5%

b BEESE (%) = (RiaE BIRE AV e E RS S S 2 B SR/ NEERE) -1 -

5.2.2 TA H GDA BIFHER K2 H A

TA REHEESRHS BRI ERRO T AR SRR B T2 - s
HAVEGE T3 fEw @%E@ffﬁ'ﬂ%ﬂ PR E R DR A B B AR E B 4T 0.2% ~ 1%
TERIEIAMIMEE 5 Yan B2 Luo ™! AL EAS AR BB R A iR PR L FIB I A0 - FL2
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SELER -
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el — LR AT R ROREAT Rtk H » REARTL /K Ry e A v 1252 Bl H BT i R fE R

ARSI AR BURERS f BERfE » JHIEA TA Bl GDA RS © WIREAEFINE(E ~ IR (A
BHIRE ~ SRR - BEREGEEEEAREZ S - 5 —REERE
B~ B R B IGHE R AR HAE EUCE AR B - JHEUT R RSB EUEY N 4 0 R
T =5 AU ARER I E KB FEt = T2 T 2 s AHIER 3 2R I 3 Rl —RAUHER
5 TA JIEHS T2 FARE RS 1 23 U A SR 5 5 GDA JIERRE SR & F AR 1 4 EERIF A
e

FHHIEARS SRR > TA 7 0.5 RURBAGH I E (H B P IR E B IRy 60 BYJ52E B AR
IFRAGAR - GDA A 0.39 RURAAFIMERCE E M P IR EBEG TR 100 B 52 B ABATAIHS
R o TA BUBREMERTIR B GDA KR - Hrf » [AFy GDA DIH Rk EImhr Ao Ry B HE
] ARl gy SECHT i A e AR 7K i O By 1R B > IR, - 0% TA RG0S
EAaR IS B AP IS EES IR E A RTER -

K4 TAHGDA FHRALEZRHSRE

P e B C D E F G H I
AP (E 0.39 0.5 0.1 039 | 039 | 039 | 025 0.2 0.39
PR R A 60 60 60 100 100 30 30 100 100
E3ESEn g 2n 2n 2n n n n 2n 2n n
KRB 30 30 30 10 50 10 50 0 0
=g 7 0 0 0 0 0 0 0 200 100

xS TAARBRZREBDL

A B C D E F G H I
100_02 0.0% 0.0% 0.0% 2.2% 0.0% 2.5% 0.0% 0.0% 0.0%
100_05 0.0% 2.5% 0.9% 6.4% 4.3% 5.3% 4.7% 0.0% 3.5%
100_08 0.0% 1.3% 3.3% 1.9% 1.1% 3.2% 1.9% 3.8% 5.7%
150_02 3.4% 0.3% 0.3% 6.5% 3.2% 4.7% 1.3% 2.4% 4.7%
150_05 4.0% 2.9% 2.8% 3.9% 1.0% 5.4% 2.9% 4.1% 2.6%
150_08 2.5% 0.8% 0.7% 1.6% 0.0% 1.9% 1.8% 2.8% 0.7%
¥ 1.65% 1.30% 1.33% 3.75% 1.60% 3.83% 2.10% 2.18% 2.87%

ik REE D (%) = B2E TS BERE AW EE SR G S 2 B S/ NERE) -1 -
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B W B ARk A TR N R B AR A SR T R

&6 GDAJIAERZIRETDL

A B C D E F G H I
100_02 0.0% 1.5% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% 1.5% 1.6%
100_05 48% | 48% | 48% | 49% | 40% | 54% 1L7% | 63% | 0.9%
100_08 1.9% | 32% 12% | 72% 1.9% | 7.9% 13% | 3.1% | 29%
150_02 22% | 3.6% | 24% | 2.8% 14% | 5.7% 1.6% | 33% | 29%
150_05 25% | 25% | 26% | 3.6% | 08% | 94% | 47% | 42% | 0.7%
150 08 23% | 29% | 07% | 33% 1.8% | 40% | 3.1% | 29% | 4.1%

S 228% | 3.05% | 1.95% | 3.63% | 1.65% | 5.40% | 2.07% | 3.55% | 2.18%
if C REHDN (%) = (ZZHTAGZBRE A SEE R S 2E R/ N ERE) -1 -

5.2.3 TTA & TGDA JIF R G289

R L RIRE ST IS 2 AE TA Rl GDA | > (Kb Z2 8y 5E HOREEE TA 1 GDA [ -
B RAAPIMEE - PISEBG IR - SRR OERTIR L - R aaiiA S BlE e
(] 5 B R R AR R SRS A R B SR — TS ) R 1R P AR sl FH o 25 1
ORI - S HEA G SR AMBEES AR 7 GER - G0 - HEARGRER 7 28
7 4 BHAR) © TTA HEFER Z HEMERZ T LSRR 8 5 i TGDA HIEFE R Z HAR
{ERRE o FERIFIR SR 9 -

FHHIEAARS R AT > TA B2 GDA A ZEHIE &% 7 nl sk BB MR S - ST
EHYE TTA eI HRSIRIER 3 T G) I > B SR IRER 7 8RR 3 Y75
b ARBIFERIERER - ATRERVIRIRHERN HESH 5 1 AN RALfE - Ml A S R
Fn] 32 Z R = 5 1A) - SO g e -

&7 TTARTGDA FHRAAEZRHSHE

ST iz A B C D E F G H I J
IR E 0.5 0.5 0.5 0.5 0.5 05 | 039 | 039 | 039 | 0.39
P (EEYRE 60 100 | 100 30 100 | 100 | 100 | 100 | 100 | 100
[ESEE07 80 2n n n 2n 2n n n n n n
RUERE 30 10 50 50 0 0 50 50 50 50
IRy 0 0 0 0 200 | 100 0 0 0 0
SRR 7 7 7 7 7 7 3 4 5 6
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EHEEF =4 %8 REATZESA

&8 TTAAFHBERZREB L

A B C D E F G H I J

10002 | 0.0% | 22% | 0.0% | 00% | 0.0% | 0.0% | 0.0% | 00% | 1.5% | 0.0%
10005 | 0.6% | 51% | 3.7% | 51% | 33% | 26% | 38% | 61% | 3.7% | 32%
10008 | 04% | 2.7% | 3.7% | 38% | 3.8% | 22% | 0.0% | 28% | 14% | 3.9%
150 02 | 2.8% | 03% | 0.0% | 3.6% | 1.6% | 49% | 03% | 45% | 22% | 03%
150 05 | 58% | 25% | 43% | 06% | 32% | 3.6% | 0.8% | 3.0% | 33% | 32%
150 08 | 3.0% | 25% | 2.0% | 23% | 05% | 32% | 13% | 29% | 0.6% | 1.0%

S| 2.10% | 2.55% | 2.28% | 2.57% | 2.07% | 2.75% | 1.03% | 3.22% | 2.12% | 2.10%

if C REHD (%) = (ZZHTAGZBRE A SEE R S 2 EA R/ N ERE) -1 -

®9 TGDA ARBRZREB L

A B C D E F G H I J

100_02 | 0.0% 1.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
100_05 | 5.4% 5.0% 0.0% 5.6% 5.1% 2.2% 0.3% 2.0% 0.0% 1.8%

100_08 | 1.9% 2.7% 3.1% 6.7% 5.3% 4.5% 4.4% 6.2% 1.1% 1.9%
150_02 | 0.3% 5.3% 0.3% 0.3% 0.3% 0.3% 3.6% 5.7% 0.3% 2.9%
150_05 | 3.2% 4.7% 4.0% 2.9% 0.0% 3.4% 2.1% 4.1% 3.1% 2.9%

150 08 | 24% | 35% | 02% | 14% | 07% | 02% | 1.0% | 09% | 32% | 1.3%
Y| 220% | 3.78% | 127% | 2.82% | 1.90% | 1.77% | 1.90% | 3.15% | 1.28% | 2.20%
ik T RZEE D (%) = 2B T AT HIEE AUt S EE AR & S 2 AT SR NEE) -1 -

524 ZEERSWN

B AT 2 e SRR T R GE R B R, - AT Zeiain DU MR

L. ARBFFEEFETE T RN - B S RS I L e P (e RS S A TR A TR S
IR i A LRGBS IR AR IR S T AR e/ ME R BN RIS - i
IAZERI T 2S5 1% R e - RERA UGS -

2. B DAER e AR i R AR BT Ryt AR AT 5 5 BRI JRRIRF AN B DA 2 PR B
TE Ryt o A I R AR 25 ST P REFEE 388 25 14 IR ] £ 3 Xl P B o e A 2

3. ARSI —E TR E AR - BOGHIZEH] RS n] REFRE =5 10 2 B0 ADHIFRE] - BIATHE
HIEARER > TTA DUEHIRSIRE Ry 3 ARAFAUHRER -

4. HEART T DU RE i L% TA ~ GDA ~ TTA B TGDA K HEE#EMZ /i% - D
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B W B AR R AR D R AR PR R VLR SRR

EEE RS T o7 FERURIGARE IR » WG BRI AAfE EARE R 1 4 Fe— RIS 10 - Horp L
TTA BL&E G WRERIE - SRt/ Ny 1.03% © 53491 > TA 5 GDA f: >
TTA % TGDA £E > TA il TGDA 3T -

5. Ryt LLi AR B AR ERE » AWFFEFI A LINGO7.0 $E il Sl gt TR > oK
FEFEIRTIAER 10 « 2 > HIRAIHFERIE R — non-convex JEREHIEINRE » iFAZ
PRI AR > R IRBE AT SRAS RS R nTRE M s — R El i g (BRI — I B
HB R LR S A HECR SR 1T non-convex [FRERYEAAEE) - AR EUR IR Wk Bk
HIsRIERE R IHE LINGO Byf o #HE2 T » LINGO By IS 40k 10.52% - H41 »
LINGO BFRAYKRMREEIAE 2 ~ 20 B A I EIA XK I{E 20 ~ 100
FOINSERK > MURELANIHFEATHIEARY RERRS » g B RAFHISRIEREER - it LINGO
By fgRe I (DUREIREN S - IS R n] Z20) - (AR BRI E K
T AN 38 5 3K fi# L non-convex [

® 10 BRABEBERIEFHRERREAKBER

HEE ?;Eg j;;ﬁgié WIGfE TA TTA GDA TGDA | LINGO
kS — — B G E C -
100 02 30848.7 10.0% 0.0% 0.0% 0.0% 0.0% 10.5%
100_05 47058.1 27.1% 2.5% 3.8% 4.0% 0.0% 10.1%
100_08 53664.0 30.8% 1.3% 0.0% 1.9% 3.1% 14.9%
150 02 42273.1 30.1% 0.3% 0.3% 1.4% 0.3% 11.2%
150_05 74286.7 32.2% 2.9% 0.8% 0.8% 4.0% 13.5%
150 08 78608.1 35.0% 0.8% 1.3% 1.8% 0.2% 9.1%
1y 54456.5 27.53% 1.30% 1.03% 1.65% 1.27% 11.55%

Ak BREED (%) = 2T HIRE AR S EE R G S 2 8GR/ N EEE) -1 -

5.3 /AR IEREIERIE

/NUHER% H 10_05 Bl 2005 WaflE#EEsAE A KEE » AWFZERT1S e N EARE S K LRI e
S A B CEAR EATE > o - 7E 20_05 it 1 > LINGO 18 R SR1S s fEff - 405k 11 s -
TAAb S I R SRS SRR LINGO Jafd: - B RAWIIC S RSk Sk ek
mfEfE L o WP ORI -
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® 11 NEREERMERSEEAKEBER

EEE ;Efg ?ﬁﬁgg% WIhf TA TTA GDA TGDA | LINGO
HE — — B G E C —
10 05 4639.6 0.4% 0.0% 0.0% 0.0% 0.0% 19.3%
20 05 19756.8 0.9% 0.0% 0.0% 0.0% 0.0% 0.0%
50 02 12883.0 7.5% 0.0% 0.0% 0.0% 0.0% 3.0%
50 05 25733.1 14.7% 3.5% 0.0% 4.1% 3.5% 3.5%
50 08 38494.7 24.5% 1.8% 3.0% 0.0% 1.8% 1.8%
2= 20301.44 9.60% 1.06% 0.60% 0.82% 1.06% 5.52%

FF 510 05 E120 05 ZEREE DI (%) = B2 E TS BIEE T EREE) -1 -
HEBARWRET DI (%) = F2ETHEZBEE AR EEER G S 285 /NEE
fH)-1-

6.1 #&:m

{B0HfE_EAE 5 BEm AR - RoRREEE - R DISRTERA KL - A EER EEY)
A58 A T BE B B S T AT SR IR B R A - IR RS R AR - (RIS
REYEE R A FE R BT RN AR (concave) « AWTFERY HIWAESTE & I RTRREA
AIEGERTRE - FIRARCRINRL - DR R NI EREGE - RATE R e &=
R EATATRREL -

AWTFESEIE BERBIREARR I HiRR A < S R B & fe (G BRI BN » KM
TEBIHRR AR M 3 AT B AR - S AR s A P R P I (R Sk B K
LI A I S5RIG » #5 TA ~ GDA ~ TTA ~ TGDA 2 PUf[ i I AR o g » L
RIS TP AR A R N AR BN E o R IR RARIRR > ARsEssasEt—hE
PR A A - AR A AT T - AR - AW S A RIS R
el B SRR
1. AR FERTEEE R AT — R B & i A LRI - (EAE R RS iR b B By Ry

o AR S e REE AR > BCS RIS TSEES - SRR AT
& 0 W TA Je GDA » DIFRCR I A bbb - iy RIS Dl g -

2. FHRAHE RS A AR s g AR IR SR - KA RIS = R g BAr A
Wk RALARE B - DU A ER IR - 2A0AHTFE(E TA e GDA Ffii AR IER
{EAYZR T =R - Bt TTA S TGDA - FGHIB BRI R g S B I8 TA B GDA
Foft o Horr > 3L TTA BUSCRERES © 5340 > Bk EE LINGO B2 Bl ss e i laas
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SEAHERE S EEA R AR R HERTEE LINGO i » {H R Sk R Mg A B
LINGO Foff: » HRBEJIERCER « BURESARIIRES > A8 SO a & -

3. BEE SRR BRI S I aBEE L RR ARG S A N > 25 A CPU KRR 3Gy
2 > 5 CPU AR ETHR B TR AR AR BRI (% - SRR A g
BRI REAE AR LAY 2 HR R © DURHIERIEARI RTINS - HIRUECREGELE » B
{E DU ARSI S - S FAE ORI R AE 20 ~ 100 BPR5ERL © KIBHISHE L - L
/NS IERENE HIERRR - AHSEROAGT R =g n] P B i e

6.2 E=R

A FEAR AR A FEHERERI 720 710 - EERRAT T

L ERARERIRGY - B c,,\/g SR AR R B - SRERR TR A EIRSE -
FIEARSRBGATI T TR ARG « Horr > BN HABE A2 M A 3 > g T DU
AWTFeRs e S RAET TR - ARITTSE ] < R 2 B RTREAN ] » R 2 i — 2 -
SN FEAHERUR LR - £ TR L SRR AcEENELL - it
e BRI B UGS R AT - B BRI RE AR MGG -

2. ARBFTE ARG R 7 A 2 AR AR AN [ BRSO Horh > /NAURERR A R N TSR3
B P DA SRS e FE R 5 10 S AR BRI - H AT AT A2 SRR U
LINGO B Sk gt LEROR MRS AR - RACHTS AR RAE Gk (QESIRIE) >R
ERRRE - DUBBESE AT S SRR SRR

3. ARWIFEAIH TA B TGA AAEE TS TINS5 VUM AR = 12 TR - AR REAE R
HAR S TT3E > A0 TS B GA > DIGEFTRAF LB R sy 2 5 -
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