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ABSTRACT

In practice, the unit cost for transporting freight usually decreases as the
amount of freight increases. Hence, in actual operations the transportation cost
function can usually be formulated as a concave cost function, causing the
transshipment problem an NP-hard problem. The harmony search (HS), a global
search algorithm, has led to good results in many applications. Since there has
not yet been any research applying HS to minimum concave cost network flow
problems, we employ HS, coupled with the techniques of PSO, ACS and TA, to
develop a global search algorithms for efficiently solving minimum concave cost
network flow problems. Finally, to evaluate our algorithms we designed a
network generator to create a sufficient number of problem instances. To
evaluate our algorithm, we also tested the recently designed TA, GDA, GA, ACS
and PSO that solve minimum concave cost network flow problems. The results
show that the developed algorithms performed well in the tests.

Key Words: Harmony search; Concave arc cost; Minimum cost network flow
problem; Global search
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FT o FH DU 25 B R Bl B A5 TR 22 A P A 2 R AT  AE BT S HTRRAR 5
i Ry 17 PSO SRS ST A T PR MU R A & REBFIRE  ARHFSE22% Yan A7) i
JERELDIEA AL Z BRI BT 55 o HABELTE -

BB R ZHIREE S - SRR B R R | s R AR

BEE 2 - R IR ZERRER S - AR E S R e iR R < S B - WEDAEC (4) T
PESRIELZ HHT -

SER 3 R HIRRES - AIRRIR = fe b (RS i R < S BB ST - AR H ATELAT
—[ElE HARR B ELE - DASK (5) TR BT -

Vi = vlf;ld +c, *rand ()* p,, +c,*rand(), * g, 4

1

old
old

+¢, *rand,()(p, —x,)+c¢, *rand(),(g, —xid)+(1—w)*ﬁ*vid Q)

new __ s old
Via =@V

Hoet o iz 5 ERCT + BISS § KEATAT -

d : 5 d EI 2R - BISRES d T (BB -

o EYHHERH - 0<o<] -

VI RS BRI TN » 5 d RS (SREIEIRAS) TR R -

VO LRSS BRI TN 5B d TR (SBEIEAR) H TR -

Xy ¢ AEES i IERITN 5B d IGRETIAR (SUBUERSTR) EIRTREE G -

P © TESS i R TR SRR AR » 55 o IRHTIAR (SRIRIEIEAR) HORRFITEML -

gq @ {ERBSUTI R ERN - 5 d AR (SBEIEAR) HOBEFIIBI -

FOM s o TR R A -

F' : 55 i MR AR S T A AR -

¢~ o P BERT

rand; () > rand; () AR 0 F 1 2[R Rty

T 7E ST RIBS 2 2Rl 45 AELAAE SEL ST T » A I B i — [ S BRI - 5
PSO N i S RIBL 0 T 22 R rh 45 AR SE T « SETS2ictk » FELUE B A TR ke 1
B A LR EE RIS - DA SRR A e T T o JL BRI 20 e R i &
AT RIS T R B P Lk TR i A K LS4 g B » v
BOIA G BTGB » B DU (2 7 =S e RSt L 2 A5 » PR R S S o
SRR AT FRRA T 5 52 » BIRHARIIA FT (R 5 575 - PR T — e
EEATHIE - T LS B  ERICIIA L SR EE AT E AL S8 - BRI
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VAR i SE ik B R 2R A 2 IRAY F 0k R A S0 b W A R AR R R A

EHEPZORRE R EER - TR REHTR L AT TR
2.2.4 {HERENRAEIEIERES

FERARIRE A s SRR AR P - H NGO IR 22 s B R - BRI
R (E - R U RS T R R LR GE T - s RS oR R < B
Y P DUE SR L PR O & e —RERTAYEE - 2RI - MR A R R A R
Ry 1 800 > SOARRIFZERE CULL AR R BERE - S8R Fh RS st SRR ARG < SRR - F

AR TR H B Ry 2 — T A AT - ORI S e e Sk LARISZ R e 22 i ]
TRy ReS - DUBESR(E T A UPE A PER RTRGES - H 5o L IR AT ERER E B
7 HERREX < EYIRIIFERE SR L R ARG AT S N e GHEsE 250 I TR AE LU
W N EEAE - LT IS B B R TR

BEAh - FERRRIREHLTR ARG SR - Ty FIRF IR AR S - AR 2 fiftak
A DU RERT R AR AR S AR - FERERTRA AN E AR T4« RSk fIsac g2
[ T 25 BT AR EE A K B - RE TR BTR AN U R I AR B A I8 3 B A E AR IR
ZEE T HGEAK I - ANELRFRE M A TR L 1855 S0 H RRBERITRR A VR O 1R » o5
LR FGE R R S ASERS - [RILESRHFIRZ ARy 0 o PREIGRE T A BRAEE
RIS - IRt EYIF R R — RS - DRFE MR RAZ R - MRS
VIEERA - SIS E A [T -

2.2.5 SHEREERES

TERH BT E P A TR R - e T R R iR 22 M iz TR S Ry » RIIFHE
TR RN - HEHRE R 7T i =1 s Wi = o AT B R RIS 2 DL
HOEE A s A TR AR B Ry B TO R, - AE— IR S R kR - S0 B
FRE > — Ry Bt EHEREA AR - 5 — IS SRR AR o SR — AR E A
ANERR P EARRE » RI AT ZE Ry I SR E G f B DU ] 17 e o+ i
RS BRA PR ENE SR ST DR HIR R A HL AR -

DA G it B0k 2 WP FU R BT AR AR MRS SR (U SR B 3R (W122%5 Dorigo
il Gambardella ) » i Hf74E TBEZE |, (exploitation) Bl T ##2% | (exploration) Wiff{si=:
BT RIELAHHFZE TR RE RS SRS il & B RE ) s B R < A i Franst B iRe
T OTBHSE ) BE T EEER ) WA - W00 [FENESEREIRE FIEZEIR o AR 0 Ky TR
I - FRAYE IS S IR R = AT B AR A bR - AR AP SR T H AR B 52
IHE EARB S - TEBHE SE T AU N 7 B S SETH A RS RIRERG IR HoAth
PRARAUME - AT SE IR IZ - BRSEARBCRHENESARE R EMA - HARBEER
15 RFR R EE S SEEA I IIRE - HZRBER AR - Al S = HHR NS SER I Ehd s, -
EABANEIRIE - f578 L5t > AWF9E2% Yan ZA P $HEIR AT B e il AR
R R R BN ST A » WS ETRE A (s - BRI 1 PR AR el B BT A i K
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EmstEEF Fwtask F=H RE-OZFNLA

T« 2 (6) R EAEEIRTAR BT RA MA TR RN RS SR - 5
LR L BRI - 2 () REBSERASEIERTAR - FIN0 R B R E R R
(ORISR A VAT -

t(rs)=(-a-u)elrs)ta (Lo )" +p-xj (©)

Hro o @ EHRSERIRBE > 0<a<l -
Lyes, * TR WSS 2 R TR B
po REEIIAGUEIHSE R BIER =2 -

7(rs)=(=p—p) 2(r.s)+ prro + o xj )

Hvo p t BREFGRBH - 0sps<l -

7o @ BRESE RIAIE - BERE o =(n-L,,) "+ n BRAETEEE 0 L, T2 DIRIARERTS
FlZ HEHE -

HosEEE AR T S A B R A2 2 -

PR AR AU R A S T DR R HOR, 0 B 1 A8 > (ARt | - AT ek
R BRI R AR CBBE Ty 0) AR PR IR CBBUE Ry 1) R vl TRl
IA—BRHT AR - RSBl R A A 3R - (R m] (o P e S TR o HEFR e m]
Tt - HEREsed D BRan T < Eo - M (6) Baal (7) ZENR S EHT ARG R A
PREHE SR - REETRR O Tl nI A T b R A BT AR SR & R MR BT SR & > WA — 8
PRIE > JUEHREEH] TBASE ) (exploitation) B THREE ; (exploration) B o R [ HASE
e - FISSER R SR BTN A 2 B SRRt R = A I R R R TR A AT et 5 o
R TEER ) PR DSBS IR - M TRAATRE ST R A
- 1% - EE LSRR H P CIRREIRERECE E - QS LR - SR
SERR BISE AN RA TR sk = 2 BT

2.2.6 PIEIRZIATNERET

BESRRAE B — T T TR R - BB AT TR SRERE IR IR 22 T - 2R
1M > FEFGEAC IR 22 A AGE AT - A FTREREHTAE Ay I TR A ok« TodE iR
BRI - ARTEAERE L — TR Rl TR - 51 TA PIRRERVELS: - RGN
ATt ARSI A IR EC IR 22+ PSR E USRI P B T« Joe#
SERBIRM IR 0 R —#Iaa F kL - E =R v TR AR E M IsZRC IR 22 M i ik —fH
fitt i EURRE x(1+ 0) IR§ > RUGRERTAY rIT T ARIGZEC IR 22 » ROE—E Rl S8k - 5 HAR
(AR » AR O - e BOUdRs - B2 0y 0 4% - 19010 = 0 METTE e i (R ARy
BT o BEPRIEIIRERE sa 1 = D A ki (R L T D0 T B SRA SRR R
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VAR i SE ik B R 2R A 2 IRAY F 0k R A S0 b W A R AR R R A

2.2.7 #pERSENERER

FHAATRZEE L T IARASSENS | ~ T LRI | B TR
W%, ESEABERE i - O FTREIE M A S S @R (local optimum) % » BNk
R S — TR - HHEHAL - AR SRR - SRR R - DU
ORI G - TEARI I ERERaT I AWZe LIRS R 5 2 R s
SO A T AT RS v+ SR A B S P 15 B S AP O ARRS » SEEAT m o PR R B i B
1 HRHSEE S E S BRI « R A — IR R AT - R R
HORRAS » LR AT R e (Yan B Young P7)) DUMERLH AT 7 (R -

2.2.8 HEREIEHE

— R LA L BRI T 53 T A~ [ S P B e A A B S - DU
BB 2 MK A fot/ N B A R TR » HII DU SE 500 [B14 (Yan 22 A 257728 R [ A
6Ty Pyl B LA o IR A BB E R B IR - AT T R AR 1S
SRR TTREYE o KRR B B IR AR AR By » I BRI 283 Pl AR [ &8 500 [
& 0 35 450 [BI &R RREUGE ERTE - BIFTHEIN 100 [B14 - EEGHHE 100 [E1&RUEE H i
Byl o

= A2

TR ARFFE AT E BRI Bk & SRR » ARTFZESET Yan 5 A Y B8RO bEts
RERS S A SRS AR Y 12 FEAEIREURRE - PR AR IR FERE - AWISEME ] CHEES
R RAHEAVE R R B3 - WIEABRER Intel Core 2 Quad CPU Q6600 2.4GHz » 1Gb
RAM Z {8 A - 1AL » ARFFE2% Yan A P sy GA BLH b=t
2 Yan %A P FEgiR AB-APSO Ki TEERALIHENE - K Yan S A P gy amiE
W B DUERER AT AHS J8 B RIS Lk -

FAHEIEB WY - AWIES AHS S VIAERRES (M,) ~ FIRGEHLETIRE (M) ~ FI
SREBZERIAY N (HMS) ~ MBZEEZ2MBE R (Puy) ~ FISLECIEZEfI B8R (HMCR) ~ %
BB (Na) ~ PSO LRI (Vo) ~ PSO AIAFTHREL (N,0) ~ KL FHIIESRE (V) ~ PSO
SRS T T SRS - R ERAE () ~ PSO SR FEHTRIS-E2 A T 1 (c)) ~ PSO S FHTHRI-
BRI T 2 (c2) ~ ACS BRESEFHTRIE-HEMTR T~ (Q0) ~ ACS ZI% 52 BT RIS - 2o bok 7 7%
R (o) » ACS BHESEHT RIS - EHREER (o) PG TEHTHRIS-HIAM M (T,) »
LT TSR -F IR R (7)) BUAGTSEIE (V) % 18 28 HS HHERLTD
TEZEfIR/ N (HMS) ~ FIGGECE 22 ek (HMCR) ~ MZE B2 SR (Puy) ~ 5T
HEE (V) % 4 MR TR ECEEE T - SEER T (P) ~ MIBAIAREL
R (P,) » PSO SHEEFEHTHEIS-AEMEREE (o) » PSO SHEEHEFHRMG- X T 1 (c)) » PSO
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S TE RIS R T 2 (c0) ~ FIRE R B ST TSRS LA TR (T°) ~ PR 2 o 3 S -
BRI (TF) ~ PGS SS MBS (TF) PR B ST R - A PR
(1) ~ PRGBS TSRS - B LR RE (T7) ~ IR 2 B S-S B [ S 8 (7)) ~ i
SYEEB (V) BARTIEERE (V) %13 S AACS $iE A THBBSE (V) -
EEEHTEE RN (Q))  BSSEREERBM (o) ISR () - BSSIER
TERBY (1)~ EESEEHTR 1 (0) ~ BIRSEEHR 2 (6,)  WEEE (V,) - BEREE
B (P) ~ BREHEER (P) > BIGTHREMREE (P) MdEEIRIIE (o % 14 B2
B GA FLERHEA/DN () B BIFEER (Uy) ~ IMARESR (U) - HEEEER D)
JEER (C)~ IR (4, BEEE (V) BRRESHE RW) %8 B2 XE
b RS PR TR LA T (7)) ~ PIRSEBGIRRE (1) » BEEEIHE (9 K
ERE (A) ~ BIEE (C) BEHERTIER (T) %6 S8 (Yan %A P22,

3.1 AHS KEERES

AHS DINTE = R0E T L 24 - ARG PSO Bl ACS Rty ARG Fr 28 fre & SR i
B o AHS JEA R A R 28 Rt S S HEGE W EE - J76E
RIGEAEME - AOFI5EECIRZEAIA/ N (HMS) ~ KL T-HIGHEEE (V) ~ EFRETRREREELLS] (B)
F2UE BRI E - AWFFTRER % REHIER BB A - Se o — R
SIS - DUE R RE R B - HTWIGTHEEE (M) &y 200 - FIAGEHE
HHEEIRE (M) Fy 0.5~ FIGZRCIRZEIA/ N (HMS) By 15 ~ RIZEAIRZEMIBERSR (Pav) By
1.5~ FIZZ2 M IR (HMCR) Fy 0.9 ~ BESFHRE I (Nao) Fo 10~ PSO ALK (Npe) Fo
3~ PSO MIAHHREL (Mpay B 3 ~ KL THIAEHREE (V) B 20 ~ PSO HMEMEE (o) 5 0.7
BERT (e, c2) Fy2 813~ ACS HEMIRT (Qo) 5 0.8 ~ MR (o) Jy 02 &
SREECHTAREER (p) B 0.4 ~ BEIGFTHE(E (7)) By 0.3% ~ FIHE(E FEEZE (T By 20 ~ AT
FREFEE (Vo) Ty 200 © BEON - ARWFSEA S DU EERUHH & 28 TR RAR AL
W L B2 HIE GEE Ry AHS-2 fHE G5 R BB TN - $HE 2 B T2
BOHE - HEERETH 45 TR SR S HET TR IS - LA SR SR < SRR G AR 1 s -
BBBIME - 265 1 {ERAFRNS " OaTHEEE (M) ) ERVINZEHE (AHS-2) BOEBE
B 200 > SO FREEBERAE - FFORERG IS (M) B¢ 100 B HEHAE Ry AHS-1 (HERZ
BE VAR AHS-2) » BT 56 2 ERIESRNE - MR oIAaRHE (a8 (M,) 35k 300 S EHE
SE Ry AHS-3 (HIR 2R 3 RSN ST THIRALLES - 1 " PIaREieiuig (M) L J7il - %
VNSRS (AHS-2) BCE(ERy 0.5 » MR BEERE - KonReiig (M) &k 0 1Y
S G E Ry AHS-4 (HERBEUE IR AHS-2) » BIUR5E 4 fESRIGERNS - MEoI0IaaE S
RIRE (M) ¢y 1.0 FUZBEHETE Ry AHS-5 (RUREE 5 (BRSNS M1 THIEILLE: - HAMR
iR PRI 7 U AR R TR, - (EAS A2 - AWTSeRr eI ES S TP
A e NI AN HE B RN R > ZE R AR RE RS 55 S MR DU RS -
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VAR i SE ik B R 2R A 2 IRAY F 0k R A S0 b W A R AR R R A

x 1 JFERBRESBES2EER

SKFE RN YT Z2YHE
FIRERE RS M, AHS-1 ~ AHS-2 + AHS-3
VIMGERER I RE M, AHS-2 » AHS-4 ~ AHS-5
FIsAC 2= AN HMS AHS-2 + AHS-6 + AHS-7
FgZaC g =% Py AHS-2 ~ AHS-8 + AHS-9 + AHS-10 + AHS-11
MRS E s &S HMCR AHS-2 ~ AHS-12 ~ AHS-13
B I EREE S N,, AHS-2 + AHS-14 + AHS-15
PSO LR EL N,, AHS-2 ~ AHS-16 ~ AHS-17
PSO fIAHi#REL N, AHS-2 ~ AHS-18 ~ AHS-19
PSO ¥iF#IiaH & V. AHS-2 ~ AHS-20 ~ AHS-21 » AHS-22 » AHS-23
3 i mtaran Iy 5
ljii'oﬁ BRI o AHS-2 + AHS-24  AHS-25
3 A B 2P
I%S? ST -EA A ¢ AHS-2 ~ AHS-26 + AHS-27 + AHS-28
3 S AP B T2
l;f(; RS AT A - A ¢, AHS-28 + AHS-29 + AHS-30 + AHS-31
“ =5 EVA Aran _ EI -
C; PSS AT H 0, AHS-2 + AHS-32 + AHS-33
;&—,g,‘ Eya mearan _7\ o
%é;%%g?g*ﬁ - S35 a AHS-2 + AHS-34 + AHS-35
ARG
%;;;_%Efg*ﬁ RT3 p AHS-2 + AHS-36 + AHS-37
ARG
it AR AT Ly i
?g*’mﬁ%*ﬁ AT T, AHS-2 + AHS38 + AHS-39
fi: SRS IA _ 2
E;Egﬁ*ﬁ et TR T T, AHS-2 » AHS-40 + AHS-41
ISR e N, AHS-2 + AHS-42 + AHS-43
2R G AHS-44 + AHS-45

A - ARFFEIRLIER F3E A PO R Yan S A BT I PSO yEEEATR G H iR
AR ELRE - AR TR AR AERIE I R » [RIREET T2 5 AR S R B 4
A ELs - Horh FE RS SRR TR » ARBTS22% Yan S A P> DIAFELEL 100 ~ 150 ~ 300 ~ 500
R BCRE o FEED 3 MR LB D=0.2~ 0.5~ 0.8 22285 » It 12 FEHERAFIISES T
(10002 #7100 {EETEEEEL LR BER DR 0.2) T RERS AR H Al S EEARANER 2 s
SIS SR DGR T At GREE T 53 b = (TS i E RS SR E AT %), STk
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EmstEEF Fwtask F=H RE-OZFNLA

HaliE) For - HEITERFAE ST A RGBS R HIEURT - MRz Hor Ll ] -
&L TEACRL NS TS B SRRSO -

}R2 FEBEEEAER

i A H Al HEE GO
100_02 30847.87 AB-APSO  (Yan % A )
100_05 46966.13 AB-APSO  (Yan % A ™)
100_08 53664.02 AB-APSO  (Yan % A ™)
150_02 42015.22 AB-APSO  (Yan % A ™)
150 05 74066.99 AB-APSO  (Yan % A )
150 08 77158.77 AB-APSO  (Yan % A *)
300_02 65402.45 PB-APSO (& [-2&%: A %)
300_05 117064.49 AB-APSO  (Yan 2 A )
300_08 177059.67 AB-APSO  (Yan 2 A *)
500_02 121283.34 AB-APSO  (Yan 2 A )
500_05 218377.86 AB-APSO  (Yan % A )
500_08 304001.68 AB-APSO  (Yan % A"

BRI < BE EEEHA PY R Yan A BT .

AWFZERIF Lot s R0 45 fHSEHHE - $HE 12 FREEAEAL - AET TOREEHE -
BB H 4 {2 W0H & AHS-12, AHS-39, AHS-43 B AHS-45 (2 SRS AR & R -
RIHERTA HIERERR A SRR R T - It 4 fHBEEHETE 12 ([EREAEI A ORERIE S - 22
DA 4 EREE AR VR F o H MR (Hed AHS-12 35552 F 0 B/ MR RBOR
5K > AHS-39 Jy 4 X » AHS-43 J5 5 X » AHS-45 Jky 4 X) » BRI 4 fZ80H & A H:
FERIRTRERIERICR (2 o0 LEBUER 252 3) - F#R I - ARTFER L AHS-12, AHS-39,
AHS-43 Bl AHS-45 5 4 2GS - (ERAWIFEEH AHS sRgEFAZHIE % - I
B A SRR TR RS0 BRI AT

3.2 AHS £ APSO + AACS * GA REREIESEZ KBFFWLE

AW ZEEHE S MR BRI B BT A M R I - $E Sl s i A O ORIR
g BRI 2 B G 1% - R EE D REURTSERTiE . AHS SRR HS
APSO ~ AACS ~ GA S5 WIS =5k L SR o AT FeRE DUR it 22 Bl 3 R 1y
AHS-12, AHS-39, AHS-43 i AHS-45 5¢ 4 ([H2 8 - 1EFy AHS SRFETTAS B
PR TE o BHRFARRIGAE BIAITEEL - 75 GA B @ISE BIAI Y - AR Yan 55
KT G S A o R T 20 RO 2 B W B S 0 0 o A e R e B M
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VAR i SE ik B R 2R A 2 IRAY F 0k R A S0 b W A R AR R R A

(GA) » WIS =R RS TFPIR(E RS2 (TA) » Kifzkik (GDA) ~ #EA 2SS 5R0E
FORAERESZIE (TTA) K5 &2 HIHEESRIS At ki (TGDA) % 4 i ; /£ ACS SHEIEIRS -
ARWFZEEHEEL Yan 22 A P% SHEARIRERT SRR AACS B ; 6 PSO Mk
J3TH » HIEEY Yan S5 A BT SHEARIMEFT SR AB-APSO 2= Bk - (H15—2y
2o EE B A P g PB-APSO MMHIEREESK o ¥3EHE Yan A PY i
AB-APSO 7% » #OR IR G » ARBFFEHLL Yan S A Y g AB-APSO SR AR
SEFTIIE o JREAD » T AT HS SHELA A A RIRE & SR - ATFSERE HS SR -
FEEERRET T IR B HS 2540k AR % « Rt - AW it
8RRV » VERBLATIISE AHS i EEE T Rt s 52 -

B ot A U B R T AR b » 7R R SR A L T A - AT B Sk
HEHE GA ~ ACS Bl PSO SEFTHIER R ATAEAERY T RS 1 ~ TP
& B TR ERISESEEEE | o (EREEESE TIOR3 55 RENEHE A
RFHEEITE 3 EE L) - A TR SSRE I - BTS2 38R AHS s
TTRESSER L 5 T e ek = SR AR B3 7T » A SOk R TA S TTA ~ GDA Eil TGDA
FEIEAAS SR R R ORISR SRS S AR AR T RSB S  » 1ERE
VHEEE THIER A — T -

FEMEAJGTH - ARWFSERR iR 8 T2 SR EfRAN » RT3 30 KR fs SPHIFES T
Bl o RIS L IR [E A bl SOk e 1 L 500 [E1 4 b b Aedhl - T2 LA
SERRUGE R AR LR RIELAE A BRI SR & 3 B3R 500 - SEMi sk
SRR o R 7EARIRIRERE R TR Lk - AR sk & R+ ORERATIF
JEU R R LB L SR S R A TS R TR H 7 S B o SR s
FEIRRE » ZR A © [EIIE S HE R B B T 23 30 2K+ AFEHY 30 ZKlE
B ERIRG R GRAT IR - (ER IR EE 2 RIS - IR 30 RS 3=
HEFTIEEY 43 BIBSTER b H R RS T LR » AN ERse 65 SR T AEhE R e | o

BRI BRI RIS R IA SRS 3 VHIRIFSRYING 4 AT 4
L AHS ZN SRR 2 SRAGRFRIANGS 5 B » B3R 3 &1 S EHEAR R LK% 30
R TS SRR L AHS-45 frfl: » HPHI372 0,125 » FE3Kf# 150_05 LUT 2 #91%
AHS 4 {H2EHE T EEREBES SRS REM + 55 AHS-12 755K 15008 ~ 300_02 ~
500_02~ 500_05 Eil 500_08 FFERAEFLENE A STk H Bl Z i £Ef# 5 AHS-39 7E3KfiF 300_05
300_08 ~ 500_02 Eil 500_08 FF#RAEHEE A STk H BT AL 5 AHS-39 7E3Kf# 150_08
300_05 ~ 300_08 ~ 500_02 &l 500_08 FFERAEHEIEHA Sk H Bl SR 5 AHS-45 705K
300_02 ~ 500_02 ~ 500_05 Eil 500_08 FFEFAEH B STER T B Al i Efif - e HME %
J3TH » APSO {ESKIRIE R ERITEI T » VG B erdias il ARG 2 i - (HUGEIR AL AHS
/I o AACS ~ GA Hil 4 TS 30k 2 SRR » AACS Bl GA HAETE SRR MR R
I e SRS i R - T B s I AE RS BT 100 DL 2 FIRE SRS I £Ef# - HS 3K
AR AACS Bil GA i » {H7E % BIHEIS AIEEE 28R APSO & SRIFHEI -

—207—



Einst 3 EF

Fmt+rk

$=8 RBE-—OZFAA

’3 FEEIRERZIKBRER

Y$HHAET | AHS-12 | AHS-39 | AHS-43 | AHS-45| HS | APSO-1|APSO-2 | APSO-3 | AACS-1
100_02 | 0.000% | 0.000% | 0.000% | 0.000% | 0.000% | 0.000% | 0.000% | 0.000% | 1.053%
100_05 | 0.000% | 0.000% | 0.000% | 0.000% | 0.195% | 0.000% | 0.000% | 0.000% | 0.016%
100_08 | 0.000% | 0.000% | 0.000% | 0.000% | 0.000% | 0.000% | 0.000% | 0.000% | 1.148%
150_02 | 0.000% | 0.000% | 0.000% | 0.000% | 0.000% | 0.000% | 0.000% | 0.000% | 0.000%
150_05 | 0.000% | 0.000% | 0.000% | 0.000% | 0.119% | 0.000% | 0.000% | 0.243% | 3.988%
150_08  |-0.005% | 0.096% |-0.005% | 0.218% | 0.300% | 0.396% | 0.416% | 0.182% | 2.157%
30002 [-0.380%| 0.556% | 0.681% |-0.429% | 0.462% | 1.035% | 0.566% | 1.637% | 2.210%
300_05 | 0.237% |-0.712% [-0.317% | 0.234% | 0.690% | 0.575% | 0.773% | 0.890% | 3.197%
300_08 | 0.912% |-0.002% [-0.003% | 0.241% | 2.120% | 1.277% | 0.982% | 0.800% | 4.185%
50002 |-1.126%|-1.212% | -1.407% [-0.779% | -0.375% | 1.816% | 1.820% | 2.636% | 5.012%
500_05 |-0.434%| 0.548% | 0.634% [-0.120% | 3.206% | 0.835% | 0.798% | 1.013% | 8.259%
500_08 |-0.584%|-0.298% [-0.214% [-0.865% | 0.742% |-0.223% | -0.585% | 0.077% | 7.404%
SRR | -0.115% |-0.085% [-0.053% | -0.125% | 0.622% | 0.476% | 0.398% | 0.623% | 3.219%
R3 BREERERZKBRER B
AR | AACS-2|AACS-3| GA-1 | GA-2 | GA-3 | TA | TTA | GDA | TGDA
100_02 | 0.215% | 1.971% | 1.408% | 2.010% | 1.436% | 2.016% | 2.520% | 1.822% | 3.807%
100_05 | 3.416% | 1.131% | 2.582% | 1.066% | 0.538% | 3.300% | 1.874% | 1.483% | 3.254%
100_08 | 0.184% | 0.000% | 2.715% | 0.000% | 0.183% | 3.465% | 4.430% | 2.287% | 2.820%
150_02 | 0.900% | 1.215% | 2.447% | 0.000% | 2.182% | 3.041% | 2.931% | 5.074% | 4.170%
150_05 | 2.515% | 3.954% | 3.099% | 3.986% | 1.120% | 4.161% | 7.313% | 7.288% | 5.825%
150_08 | 0.782% | 2.176% | 0.949% | 1.814% | 1.289% | 6.835% | 3.443% | 4.530% | 5.241%
30002 |10.286%] 7.340% | 1.703% | 3.329% | 2.370% | 4.591% | 4.465% | 3.803% |10.453%
30005 | 4.597% | 3.732% | 3.765% | 3.101% | 2.680% | 6.027% | 7.018% |10.279%] 7.051%
30008 | 6.048% | 5.754% | 5.907% | 2.910% | 3.993% |10.090%| 7.952% | 6.904% | 9.773%
50002 | 7.027% | 4.722% | 0.392% | 2.487% | 0.786% | 8.825% | 9.969% | 3.608% | 5.015%
500_05 | 5.581% | 8.189% | 4.799% | 1.570% | 3.227% | 6.685% | 4.718% | 5.023% | 9.206%
500_08 | 6.652% | 7.199% | 3.963% | 2.739% | 3.846% | 6.250% | 6.643% | 4.241% | 7.446%
SEEJERGE | 4.017% | 3.949% | 2.811% | 2.084% | 1.971% | 5.441% | 5.273% | 4.695% | 6.172%
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VA Fu

PRk B AR 2R AR S0k KA v A R R E R R

T4 FREEAFHEHRIKBER

AL | AHS-12 | AHS-39 | AHS-43 | AHS-45 | HS | APSO-1|APSO-2 | APSO-3 |AACS-1
100 02 | 0.177% | 0.230% | 0.529% | 0.103% [0.195% 0.190% | 0.363% | 0.885% | 3.830%
100 05 | 0.501% | 0.529% | 0.454% | 0.320% (0.533%| 0.480% | 0.580% | 0.729% | 3.933%
100 08 | 0.098% | 0.474% | 0.263% | 0.097% (0.346%| 0.397% | 0.610% | 0.777% | 6.083%
150 02 | 0.210% | 0.497% | 0.336% | 0.199% (0.297%| 0.633% | 0.456% | 0.757% | 4.770%
150 05 | 0.749% | 1.121% | 0.769% | 0.485% [1.181% 1.004% | 1.277% | 1.208% | 8.185%
150 08 | 0.823% | 1.092% | 0.860% | 0.598% [1.057%| 1.367% | 1.212% | 1.080% | 2.404%
300 02 | 2.188% | 2.137% | 2.241% | 1.665% [2.317% 3.549% | 2.441% | 2.739% | 5.951%
300 05 | 1.784% | 1.888% | 2.224% | 1.767% [2.088% 2.492% | 2.705% | 2.276% | 9.678%
300 08 | 2.088% | 2.256% | 1.966% | 1.846% [3.142%| 2.333% | 2.750% | 2.108% | 7.875%
500 02 | 0.965% | 0.993% | 1.254% | 1.034% [1.386% 4.205% | 4.823% | 5.495% | 7.121%
500 05 | 3.098% | 3.323% | 2.850% | 2.172% [5.228% 2.547% | 3.038% | 2.505% | 8.596%
500 08 | 2.610% | 2.293% | 2.412% | 2.256% [3.830%| 2.071% | 2.132% | 2.103% | 5.272%
SEHERFE | 1.274% | 1.403% | 1.346% | 1.045% |1.800% 1.772% | 1.866% | 1.889% | 6.141%
x4 FBEEEIFHRZKBER @
s | AACS-2|AACS-3| GA-1 | GA-2 | GA-3 TA TTA | GDA | TGDA
100 02 |2.857% | 6.488% | 3.165% | 6.488% | 3.895% | 3.080% | 5.310% | 3.506% | 5.765%
100 05 | 6.041% | 0.908% | 3.484% | 3.841% | 4.338% | 5.247% | 4.956% | 4.817% | 6.530%
100 08 |2.157% | 1.212% | 4.955% | 2.138% | 1.797% | 6.475% | 9.604% | 4.283% | 5.686%
150 02 | 4.515% | 2.578% | 3.987% | 1.982% | 4.332% | 7.502% | 7.770% | 8.142% | 8.422%
150 05 | 5.086% | 5.706% | 4.476% | 6.907% | 2.393% [10.146%|15.133%|13.428%|11.915%
150 08 | 3.854% | 2.834% | 2.897% | 2.695% | 3.013% [12.295%| 6.807% | 9.165% [13.005%
300 02 | 8.787% [10.249%| 4.571% | 5.813% | 3.959% | 9.629% |14.192%| 8.353% |16.850%
300 05 |10.392%](10.447%| 4.933% | 4.167% | 5.218% [13.728%|16.581%|16.042% |12.500%
300 08 | 9.338% | 9.846% | 6.514% | 6.981% | 7.900% [16.534%|12.145%|12.116% |19.554%
500 02 | 8.253% | 7.601% | 2.566% | 5.038% | 2.342% |15.550%|15.387%| 7.979% |12.863%
500 05 | 9.581% | 6.343% | 6.221% | 5.277% | 6.007% |15.963%|12.346%|10.267%] 11.243%
500 08 | 7.575% | 8.289% | 6.971% | 5.663% | 5.192% |14.034%|16.486%| 8.284% |13.850%
SEHIERFE | 6.536% | 6.042% | 4.562% | 4.749% | 4.199% [10.848% |11.393%| 8.865% [11.515%
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EmstEEF Fwtask F=H RE-OZFNLA

’* 5 AHS REEEEER T 2 KB

AHS fHE&Z
AHS-12 AHS-39 AHS-43 AHS-45
RRAE | ORFEIRFRE | BRGE ORREIRGRY | BRE RERIRRR] | BRE | SRR
ok | (B) | Hatk | (B |Gk | ) | GEk | ()
100 2 0.000% 77.77 0.000% 70.66 | 0.000% 97.00 0.000% | 142.19
100_5 0.000% | 119.47 | 0.000% 86.45 0.000% | 124.25 | 0.000% | 182.00
100_8 0.000% | 115.52 | 0.000% | 102.84 | 0.000% | 142.80 | 0.000% | 209.36
150 2 0.000% | 106.53 | 0.000% 94.42 0.000% | 133.16 | 0.000% | 193.81
150_5 0.000% | 140.64 | 0.000% | 121.56 | 0.000% | 167.33 | 0.000% | 248.78
150 8 | -0.005% | 175.88 | 0.096% | 164.49 | -0.005% | 197.24 | 0.218% | 286.22
300 2 | -0.380% | 221.33 | 0.556% | 196.89 | 0.681% | 266.83 | -0.429% | 397.39
300_5 0.237% | 392.30 | -0.712% | 462.27 | -0.317% | 364.27 | 0.234% | 618.98
300 8 0.912% | 406.16 | -0.002% | 315.68 | -0.003% | 742.28 | 0.241% | 645.23
500 2 | -1.126% | 423.44 | -1.212% | 433.69 | -1.407% | 449.84 | -0.779% | 872.24
500 5 | -0.434% | 1043.38 | 0.548% | 883.69 | 0.634% | 652.38 | -0.120% | 1590.14
500 8 | -0.584% | 1024.47 | -0.298% | 823.69 | -0.214% | 1289.89 | -0.865% | 3095.36
S -0.115% | 353.91 | -0.085% | 313.03 | -0.053% | 385.60 | -0.125% | 706.81

TER TV ANER 4 Fir - Horh AHS-45 J8 VP RA RN AE Ry 1.045% » 1
HS S5 F 1.800% ; APSO 3 ffi F RS2 1.772% £ 1.889%2f ; AACS 3 ffi /5
FHIRTE By 6.042% 2 6.536%:2 1] 5 GA 2 3 T AR VITRR Ay 4.199% % 4.749%.2 [ 5
4 FEVESRE ST AE 8.865%% 11.515%2 [ o Ikt S A AH R SR AR s & B rie
T+ AHS N g B i e ne B EL s B -

R Bt AS SR AT - PR BRI BIE TR FHIGARY 4 T2 8 S (AHS-12,
AHS-39, AHS-43 Bl AHS-45) £ [ 1A [RIRUHERSEEEL N E 208k H Al AR B2 B R STk
El i g - SEURAE BOERE RS S FEG Ty 4 S EEH & SR ARTER kg - B
RIFHI=ERECR - SRS B & AR A rOME B SR EL N @ 2108 B Ry i %
(fl40:AHS-12 7 300_05,300_08 HEiEsRAAUR KA - (H B2 HL i (g V- 23R 22 B S s
TR ¥ B HA RS SRR SRR A B - TR B A BRI SRt
FARTERF - HAREOKIETE - v 3K B R B v SR

3.3 WEa

Fotfdi AHS FORBURERS SRFIEZ TR DL > AWTFE LI BT S S AHS-2 R BRI -
R FEAMZBEE TR AR - ARG R al A i R
F— Rl &R BAHE £ - B REE R EERE £ AR (A SR AR FER
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VAR i SE ik B R 2R A 2 IRAY F 0k R A S0 b W A R AR R R A

I fEME Fo EITHRRT » DIRTEAE ARSI (B RIS A R AR B o0 - #OARHTFELL AHS
FEANFIRG S LR AR T Rt 3 TS E SR m SRR - AR RS = R T
(500_08 - ZnE 3 Frz) ~ KNGS hs EEE (500_05 - Z0KE 4 Frz) BK RS w1
(500_02 - 41l 5 FioR) fERy kL -

BiZa
500000 — J;
450000 - S
400000 | F,

a \_

300000

250000

200000
0 100 200 300 400 500 600 700 SO0 S00 1000 EI-EE

3 KBIESEE (500_08) ZKEBKHIE

BAE

350000 1
330000 r
310000 F

270000
250000 -\
230000

210000 F
190000
170000
150000

R

B4 XKEBHDZE (500 05) ZKRBUWEE

FH_ESRS B a0 - 5 AHS SREEAFIRERS 3 R < FIRER - Bl nl & B Re Do /)
H MBS HARE - 4008 3 ARG e R R - 55 10 [l i/ N ARMELRIFR 434,860 [
& 375,238 > MIaZECiBZE Rt~ BN 458,164 [ 2 384,040  &E 150 M5 - %
/N R BRSPS A T RS P AR AL © 150 [B1. 2 BRI DA AR IS A e > [RIFRE P
P HAME Rk SR i/ NEAME - BRI S C RO Wi - 300 [RIE &R/ AR
(HZEARDABERIRIE et - BURE TR TSRkl bk ] - $REE AT T - 2RV
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HAE N ANGZ R TR 22 AN B B BT - AR i N ARMELFET - Bhs HARME N IRHiREE
AR - [HIXEFEAE 100 [815 PAE T R/ NAAMELZ B0 R RE & —EAEEE] 1,011
(51 R 1k o SOl 4 KA v FE T RE B 3 KIS v R PR L » e RAAT 100 [H1 5 iy
/NARME B EAME DR Mk - (Z AL E SRR L) - (EIRE AT 100 [E15A
B/ NEEHEEFRER IR - RIS EI S AR 2 1,637 (1] - jfifEl 5 A ERE L
i/ NEAME - JUTERT SO [IE PGE R - P HARMEIRIR e )N F AR R ANE BT T R -
50 [al & e/ NERMELZ MRERRE © 22 250 (15 BB RGIAN FEAT S L i - AR
HAME N Bl N B E S - 2 357 |l - SPHIHBMECFR R/ NAEYE - BUREE
FE RIS o AR RS L FERRE PSRN S i M ey - Rt ik
FEFEA 500 [Bl 5 PAIRE R - SRIFERFREINEOE -

BAE1E f
210000 o E
190000 |- /
170000 | F,
150000 L““‘

130000 N

110000 -

90000 r
70000

0 100 200 300 400 500 =4

5 KIBIREZE (500 02) ZKBUSHE

it 3 R R P RE R AR B N HARMEZE AR MR BT - BURAWT ISR
REA RStk S (4 HET I =B SRR © RS - SR AHS-2 SRIBAHEE S 2
FIREIF - MERETEAHIZORIG Z i My - BB ZE AT B IR 1.69% 2 K
B (LSRR T I 2 i A A B D5 N G » BRI S AR A | et 2 TR
/INFF > AHS RER BT AR RS - S BB TTH - IR ZELIRI5E A IR 22 L B P
i By P EARHE » AR IR 22 M M3 BB SRR TN Bt BT - SRR I A » Y
B - IR AR P g i i N F BB, » 25 B/ N F B SRR T ety - Bl
BRI A E R e N EAE -

M - FhamEERR

AWTFE IR SRR T AL - L PSO ~ ACS ~ TA BifEs R =R AHE
P BN RS - DORE R B RS MR RTRR A e N A S R -
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VAR i SE ik B R 2R A 2 IRAY F 0k R A S0 b W A R AR R R A

AWFEA2% Yan A P FRERHRAEILRTES GA ~ TA « GDA S » Yan A P
IR T REERAEA L SIE (APSO) K Yan A P72 SEMBuEEREEETIL (AACS) fERy
SRIERTBETAL < B - FORIEARE R BUR » AWTFEAT I HAVAERTRE (AHS) s iRk
ORI AR ARG BRI - AMEAE R R R RS AR A R - TR EEB P iReY
SRR BRI - IERER n] R AR Y SEDOR s R AR 2 25 -

LA+ AR % B AT RR B SEAME A By [, BTG A o B g e A
PR FRRAERT 2R Al AGRAHRRER BT HE T EEERARUERRS - BN - 3E < A R R 3 i
AWTFEANFIRE - i DAL SR AR AT oR 5 i AR LIRS v EE e &
IR SR B R EIRC RS - SUER T HIRBIEGT R R HERRE -
DI R E AR E EIRAVEADGEIT R - SRSERRARRE - B HATEEE
FHERE: FH DR M e T A e HiRpEEE - HINEREUS A S - ORI 2 DL AR
B0 (3t 12 JHEEAEG) - 1T A RERHEE T - (ERSADTFEHERR - FREEE
FIENFRENE (robustness) S » ERIESCRAHE - IRIAHRR RS AR RA O VT S
FHARTHIE - AR T E B TR E R AT -

W

EX
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1. Yan, S. and Luo, S. C., “A Tabu Search-based Algorithm for Concave Cost Transportation
Network Problems”, Journal of the Chinese Institute of Engineers, Vol. 21, 1998, pp.
327-335.

2. Yan, S. and Luo, S. C., “Probabilistic Local Search Algorithms for Concave Cost

Transportation Network Problems”, European Journal of Operational Research, Vol. 117,
1999, pp. 511-521.

3. Garey, M. R. and Johnson, D. S., Computers and Intractability: A Guide to the Theory of
NP-Completeness, WH Freeman and Co., San Francisco, 1979.
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Kirkpatrick, S., Gelatt, C. D., and Vecchi, M. P., “Optimization by Simulated Annealing”,
Science, Vol. 220, 1983, pp. 671-680.

Goldberg, D. E., Genetic Algorithms in Search, Optimization, and Machine Learning,
Addison-Wesley, Reading, MA, 1989.

Glover, F., “Tabu Search, Part 17, ORSA Journal on Computing, Vol. 1, No. 3, 1989, pp.
190-206.

Glover, F., “Tabu Search- Part 11, ORSA Journal on Computing, Vol. 2, No. 1, 1990, pp.
4-32.

Dueck, G. and Scheuer, T., “Threshold Accepting: A General Purpose Optimization
Algorithm Appearing Superior to Simulated Annealing”, Journal of Computational Physics,
Vol. 90, 1990, pp. 161-175.

Dueck, G., “New Optimization Heuristics: The Great Deluge Algorithm and the
Record-to-Record Travel”, Journal of Computational Physics, Vol. 104, 1993, pp. 86-92.

Reeves, C. R., “Improving the Efficiency of Tabu Search for Machine Sequencing
Problems”, Journal of the Operation Research Society, Vol. 44, No. 4, 1994, pp. 375-382.

Charon, 1. and Hurdy, O., “The Noising Method: A New Method for Combinatorial
Optimization”, Operations Research Letters, Vol. 14, 1993, pp. 133-137.

REAREE ~ S o T PIERSZIR BB A B a2 e AR BRI R R
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FEARHE ~ BRBNE ~ 5S40 0 T R EERALE TSP I CHER] 1 - ThEEREBIS 2 JEE R
MBS & i SR - BV RS R TR - R 86 £ » H 283-292
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