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ABSTRACT

The Pick Up and Delivery Problem with Time Windows (PDPTW) was
solved via the proposed Guided Adaptive Ant Colony System (GAACS), which
was integrated by the Guided Local Search (GLS) and Adaptive Ant Colony
System (AACS) proposed by Lee Tai-Lin, etc. However, in order to solve the
PDPTW more efficiently and effectively, a PDPTW was transferred to be a new
similar PDP (SPDP) without time window via the Time Window Partitioning and
Discretization Srategy. In order to show the contribution of the GAACS, 18
Solomon benchmark VRP problems were transferred to be PDPTW problems via
the method developed by Lau and Liang. According to the computation results,
we obtained the average percentages of errors of the best published solutions
amongl8 PDPTW test instances, with 1.80% and an average computation time
of 25.9 minutes. This shows that our proposed GAACS method can solve
PDPTW accurately in a reasonable time.

Key Words. Ant colony optimization; Guided local search; Pickup and
delivery problem with time windows
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VBT - PDPTW BRI A SRS B R ~ DURSRIBIIEC: -
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ST | e B ) R A R R Z2 T - B SR B T
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I HAT PV E FRELRE T A RME - 73U - MHRIFFIRC E RN 1 -

1 FTHUE KRRV A25E « PDP rhpy—(ERTE (i) - (EEHG 1 (ECErESE (N) B 1 fEEIE/E
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FEIRF) 5 DURHEHE - EIE/FSREEG RIS | E0TR » BUREIE TIESE (Juen ) » HIF—
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m f(u)
> zE=1-u=12...2n 2)

Ui
k=1 i=0



A5 $ ki Bk R AT

sz.—z z¥,,=0-u=12...n-k=12,..m
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SEALZH IR — R SE RIS - 3 (4) ZERICEI B TR IR IEST - =X (5) (6) BRIl
SR A REH — IR B R - 50 (7) Ty TR - 20 (8) FEHIEG UL R sz
Bl o 2 (9) RUBRFI R EREHEE B mI B Uk 2 % —K » = (10) B (11) ARy BZs B -

2.2 PDPTW ;& X[CEE

PDPTW FHBEIFZCRIfEL b » T LIRSS A s S B 0 e B e« ISR
HURSHERE (exact solution) MIBEEIENE « SSRCERRE « SMRIIE S RIRRCRE A4 H
fe A SR NI R O s Rk 2 e s i AR R S B (metarheuristics)
(g P2 R B S B - RESI SR e th e ARl e A R
55 - BLOGE R S BRI -

221 PDPTW {&mEREEE L

Psarafis £ 413} B —Hifl PDPTW R - $2HEHEE R O(n°3") fRBhie rl k= Bk
(B3250 SRR RERR » E AR SOk SRR/ N B IR R (BIANARESAEE) » {E RS SRR
ISR » SRR SR AL VA 10

Sexton % (P29 th SLSHARIRIF I » B & QU B SRS TR, » 527 e B — B
PDPTW [ » A5 BHA RS AR 81 TR0 IR - ik B B I 5 iR IR /S
TR » HEOR A P IR PR PR R SR A - HOWTLE 18 MO RCRig
HEE R 7~20 2 [ PDPTW [ -

Lu &% Hifd PDP [ (multiple vehicle pickup and delivery problem, MPDP) R HE
s TP geh AR AT A M B o B R R S F T MPDP IR - AU £ b o 8 B
— BRI A RIS MR R IO ~ S ETEE RSB AR RS
SRS « DU A% i~ B A E E R BRI RR] o B LIAE 3 /NI CPU I
[ ([Unix 3&#%] SUN Fire 4800 server) P » it e F B L . VRP REZ I » C RURRE
(5 Wl 17 fERE%) » LUK R BURHRE (5 i 25 AR < RSHEm -

S LR - H R RS AT RE IR SR PDPTW FRERS e < B » (I
KA » EL7E A BRI R PO vT SRAPRS e IR RR - R HE3E 30 (% -

222 PDPTW B8 E %

Dumas % B2 Y Column Generation J7 <8 10 {if o] DAdk s A 53 U1 33
WHRESCEMRL S - RIFS R AR - FFE - IRBSESRIET ~ BT R &0 VRPPDTW B4
GERTIRE - $H G NG R TE T SR IS - (BRI R R AE S -

Nanry Efl Barnes#gH [ JEZE S E1E (reactive tabu search) » DU/ IMIRTTHEAR By ER
i IR B PR AR KR S A » PO 5 38 I Py 1 B e s R A P ST A PR B ) 5 R B S IRE
BRI » K m-PDPTW FRE 7+ SRmgiREsfisR, 100 (A EE5HIFIRE - B2 Kohl M Fp
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KIS U ARAE LUl » SEH740E(% 0.01% » HOREIFRTSEERD 65% -

Lau B Liang %S B BRI s ki PDPTW RiIRE U9 25— B BRI A U
FEMTR SRS B TR B - SRR TS T B A S R PRl AT B R B
55 W BRI SR A8 S S T IR RO 13 + WIER TSRy 100 S/ A B R -
A RIS (DL -

Bent B2 Van Hentenryck 7R HH il By =ik P2+ FFgrh b B Mg (06 8 P P EROG . -
SRR AR T RAIRISE S — » RIS — P B Y 2 A b ok ERU S - 25 P B ok
SRR AR + (RN 2R SR o A O MIIOR BSE8BR k3% (simulated annealing,
SA) BLATUARIIE L (Iarge neighborhood search, LNS) » R LTS T IS 200
Bl 600 R EALAARIE 47%8 76% » o sRIGHRTSUR R BRI Bk — - (SRR A
FRE AR SRR ARRH B -

Mitrovic-Minic il Laporte ™ HIER ks BiEARES 2 SR ch - H B RINI Rk
Bl o Er TR S R PEIRAE B R B B 1 Ao RS SR S AR - RS rp s e R
FERER R BRSNS IR RS S 2 Y - A B N > AR R - ks
SRS R - SRS PP S P T IR » 2a ] 4 RS IR TR - 55
BRI e A aRE T s B U S AR (advanced dynamic waiting strategy) - K EE S A
R (B2 T BB AR R — (VS HE) - PRIk 4.34% ~ 5.3%HAFHAE -
DI 3.19% ~ 5.94% 1 {58 F BRI -

Dantzig-Wolf 3% *% » SRR Lagrangian St » S8 ] USRS U LRI /7
2+ Bge st PDPTW g riin=t - Hs RO L A PSR - REFEOIRR
MR Kolen SFERHE U E kIR % (State space relaxation) Y » SH$f@RERIEE
175K - Desrosiers 522 PARIER U AR IR R » o Se iR R TS L S
(BRI » SRERIEFT SRR » FEFE R IR & R A AR AR AT » ks F—sRigml &
B AT BRI - SRER TR FIREAR AT (network relaxation methods) KRNI
RE QI SR o 3R ORI B SR e Dantzig-Wolf 43 gk 2 {H B
Lagrangian §zi: -

23 BEERBENEE AMEE

EAE R A RSB SR R b AR B e R » Il T O R,
WEERRER B L SRAR T PDPTW AHBAIISE . 23 » SRR R B R s e
(meta-heuristics method) 17K o FEEAINEEEE L (AACS) BASEB IR AR
ELHE R O » SRAE TSP BN HE R A s - R AT i AACS 54 GLS »
AT TR B T GAACS BV » FEFT PDPTW SKfig « 352 GLS B3t
SAHE—FIRTE T » AR SO - %R HEIR AACS B GLS E: -
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GLS BRI - S TR E S TR FEERIR R R S R LA
TR — IR R e — (R
2. b E ARk (h)

B R O AE I P E AR, () o+ R — (R BRI — 8] 2 AR TR R
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IS 28U - S a1 SR S T o8 » 4 Pk R S (e
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5. 85 KB B OB (E

REMEEHRTRTHBOH R (util) #26] (G (14) - SR - HE=midia
Ak e - RV W S EPTRR i e R s I > GLS &gzl (14) Bt
FRHESE (util) - ARRIREIEAA RASIRERL 11 - SO R A E(E - H
< pi* = pi* + 1 (B ERGIERHERTREAN A - Fra i e oA B0 BB s
BATAENRETHEZ S - Z20N) - AR ST ERIAERr A3 - MOESE pi SRR
SEME - HHAER AR RETRR L - 2G5S [ i =M Rt i % - RERERE
fll 2 A= -

util(s, ) =1.(s)-¢ / @+ p) (14)

s FoRAEIGHREIN TR R 5 utili (FIRAE s - 26 1 TR (1) AUSSUTI(ERAEL 5
C RREL (1) FURFRUSRAS 5 o Rt (1) MOFFEOEEIRA -
FHEU(14) T - Rl i A () REAAHER IR - R SER 00 (AR 1i(s) =
0; [ » FHEARF IR - MIHSSE S 2 BRI (o) BRFEIEETRA () sEmifElAl
EXibEZ
(D) AR (1) AR o s - HoSER
(2) =t (1) WREHE o 8K SR EREE -

®2 CLSEEEMFRERR
e J5Un HARRREC - g(9) Ryl {T#E s 1Y FAR A -
b R EHE R I HARRREC - h(S) B rITTE s AT HARRAS -
TSRS RE AT R IT TR DL s Fo -
b ST E A I B AR S B 2 8 -
R -
P R pT R ST E -
li(s) | FrteR B 5 rI1TE s tPF(ERF i I > (9 =1 3575 > Il 1i(9=0°
C R BRF A -

Zz|>~|ln|lT|a

GLS JEFH EEAHE iz - THEHE G K S B8R - HRTC IR R IR THES
Bt (TSP) ™ Z ik (quadratic assignment problem, QAP) 1« f i iRl ik
% (partial constrain satisfaction) "8 » T/E A EHEFFEE (workforce scheduling problem)
(L4, T fEGLEHERIRE (job shop scheduling problem) % « = #EE45RRE (three-dimensional
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52\ S8 LRI RE  (function optimization problem) ¥ » B %5 JE 4> YR (resource
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alocation) ¥ % » JRy i LB 2 R RGBSR EARC ST B - BN 2-Opt 3sfik B9 i
MLEE (relocate) BB HL (exchange) % ™ .
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AR EAEIEIESE 1+ AR | - SHRDTAA0 (19) Ao -
(A7, (©)" (An, (©)°
D (AT ) (Am )]

R =

(19)

—115—



FEstEER F=t+AE F-H RBEATAFRZA
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(@=2~001, f=2, 4 =01, W(t) =9) ~ 3T {Dle 3 ffe ~- 42 (B BEL AT 5 M o P A0 V- 0 22 S
1.80% ° WTFEERAERIAI I LAH 228 - 58483 T GAACS L - HIEA GAACS Ji SRR

(3;;4& o
MEX

*4 BEZBHESAEBRR

gl = 200 o= 2001 | o= 2001 o= 2001 | o= 202 |a= 02001|e= 02001 6= 02001 o= 202 | o= 201
p=2 p=2 p=2 p=2 p=2 h=3 p=1 p=2 p=2 p=2
-~ /=01 | =03 | =01 | =03 | =01 | =001 | A=01 | 4=03 | i=05 | =05
WH=9 | WH=9 | WH=7 | W=7 | W(H=9 | W(H=9 | W(H=9 | W(H=9 | WH=9 | W(H=9
R1031 | 031% | 040% | 033% | 040% | 0.45% | 036% | 014% | 055% | 038% | 0.31%
R1032 | 060% | 058% | 062% | 058% | 053% | 035% | 051% | 032% | 058% | 0.44%
R1033 | 057% | 045% | 059% | 045% | 0.43% | 040% | 041% | 050% | 041% | 0.46%
RL12.1 | 232% | 248% | 234% | 249% | 241% | 243% | 242% | 256% | 254% | 245%
RI122 | 256% | 231% | 258% | 232% | 246% | 225% | 225% | 237% | 245% | 2.38%
RL123 | 261% | 262% | 261% | 265% | 270% | 251% | 261% | 261% | 256% | 251%
R208.1 | 110% | 110% | 110% | 112% | 115% | 125% | 125% | 127% | 137% | 1.36%
R2082 | 110% | 110% | 110% | 114% | 117% | 131% | 110% | 131% | 113% | 115%
R2083 | 110% | 110% | 110% | 123% | 116% | 116% | 110% | 124% | L141% | L140%
R2101 | 322% | 301% | 327% | 305% | 335% | 370% | 355% | 341% | 387% | 3.56%
R2102 | 318% | 325% | 323% | 330% | 325% | 365% | 351% | 385% | 322% | 3.12%
R2103 | 270% | 265% | 274% | 265% | 284% | 265% | 274% | 265% | 285% | 2.68%
RC204 1 | 278% | 255% | 292% | 255% | 2.86% | 255% | 316% | 255% | 264% | 2.63%
RC204 2 | 304% | 334% | 308% | 335% | 321% | 319% | 295% | 317% | 301% | 3.15%
RC204 3 | 318% | 323% | 327% | 325% | 328% | 318% | 349% | 320% | 335% | 3.25%
RC205 1 | 119% | 121% | 119% | 123% | 091% | 126% | 152% | 115% | 0.74% | 164%
RC205 2 | 039% | 069% | 041% | 071% | 039%% | 042% | 039% | 036% | 041% | 0.35%
RC205 3 | 048% | 0.66% | 050% | 0.68% | 0.61% | 074% | 045% | 054% | 0.75% | 0.84%
W% | 180% | 182% | 183% | 184% | 184% | 185% | 186% | 187% | 187% | 187%
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42 REZRBEZSE AN

AREHIHAIAZ 4 P2 EEIHERSER - TEEG 28 e B p HGHR2HIE (&
5) » MACS2 Bl el 5 AR B A LR FE(E w(t) (3% 6) B2 GLS TS EREE 1 MBSHEEE

B &7-

5 PEIE R o B g 2HGHS - BoA NRAVREE LRI (E w(t) B2 GLS #EH
REEE 2> FTRIG Tl a (AR B A~ BT 20 L - BIAnsE 2 iR R103_1
A R (A (A B 22 52 0.561% » BRRy o B f 2HHHE (a=0.2~0.01, f=
1) Fes HASHECGEE (W(t)=5,7,9,11;1=0.01, 0.1, 0.3,0.5) ATELMIFTH 2B K

R103_1 Ky VEaMH - 3% 5 iy HAMBUR(ER TR T3 - DURAEHE -

’5 GAACSEER « 8 S 2RHES

atl pBHHIG
HEH %% |0=02~0.01 ¢ =0.2~0.01 | =02~001 | ¢=2~001 | a=2~01 | a=2~02
p=1 p=2 p=3 p=2 p=2 p=2
R1031 | 0561% | 0.656% 0.500% 0.502% 0.586% 0.404%
R1032 | 0727% | 0670% 0.672% 0.669% 0.730% 0.667%
R1033 | 0532% | 0670% 0.636% 0.613% 0.668% 0.506%
R1121 | 2637% | 2697% 2.688% 2.622% 2.724% 2.528%
R112.2 | 2552% | 2.460% 2.580% 2.590% 2.569% 2.445%
R112.3 | 2680% | 2674% 2.554% 2.780% 2.662% 2.664%
R208_1 | 1.254% 1.224% 1.251% 1.176% 1.281% 1.267%
R208 2 | 1.180% 1.286% 1.324% 1.208% 1.238% 1.209%
R208.3 | 1.210% 1.211% 1.202% 1.195% 1.348% 1.351%
R210.1 | 3646% | 3.730% 3.643% 3.470% 3.591% 3.624%
R210.2 | 3.803% | 3.839% 3.636% 3.549% 3.513% 3.312%
R210.3 | 2805% | 2.813% 2.756% 2.990% 2.872% 2.874%
RC204 1| 3423% | 3.603% 3.152% 3.119% 3.510% 2.987%
RC204 2 | 3190% | 3.190% 3.213% 3.306% 3.269% 3.139%
RC204 3 | 3.396% | 3.387% 3.378% 3.338% 3.307% 3.425%
RC205_1 | 1.371% 1.536% 1.565% 1.052% 1.600% 1.266%
RC205 2 | 0407% | 0422% 0.436% 0.485% 0.414% 0.453%
RC205.3 | 0814% | 0.882% 0.937% 0.629% 1.186% 0.822%
T 2010% | 2053% 2.007% 1.961% 2.059% 1.9419
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S IHTHRERTILIEH » a Bl 2HHIELL (=202, f=2) HPVEDPRIERIBURLEE -
(@=2~001, p=2) RZ > ik 4 FPRBESERENRT 4 #l o B 2EHEER
(a=2~0.01, p=2) > [RPEAWIFEERRIEH o B2 B BHEHIS (a=2-0.0L, f=2) fif GAACS
K% SPDP i

JEH] o SAETRIE SR H E U R HAEEAY 2 PDP IS - QUEEGELL (a=2-0.2, f=2)
Bl (a=2-001, p=2) Mt HECEE IR - 2T {EJquE!’J%%ME » JER A KA
A FE R AR 22 B [ B AT A -

2 6 MEUE R AR E R LRIEE w() - BCEAFEN o B g 2865 & GLS #Ei{H
REEE 4> ARG T Ui (A BT R P 22 5 S o T - 2 2 e R103_1 5Tl
A FEfR P E BT AR 2 2 0.57% R BMERIE(E w(t) =5 - Boa At 24 # B 86
SEE (61 o Bl g 2EHLG B 4 A fE) FTEEERIFTE 2EHHATRIGH-{E - 3% 6 frlifl
BAREAT S50 DUEREHE -

F 6 GAACS i MACS2 i@ SV ERLRERE W(t)

S REEA R EEE w(t)
5 7 9 11

R103 1 0.570% 0.502% 0.477% 0.592%
R103_2 0.711% 0.667% 0.652% 0.727%
R103_3 0.633% 0.576% 0.550% 0.659%
R112 1 2.675% 2.625% 2.613% 2.685%
R112_2 2.577% 2.487% 2.464% 2.602%
R112 3 2.705% 2.635% 2.620% 2.716%
R208_1 1.265% 1.217% 1.201% 1.285%
R208_2 1.267% 1.207% 1.195% 1.294%
R208_3 1.282% 1.210% 1.185% 1.334%
R210 1 3.658% 3.580% 3.550% 3.681%
R210_2 3.656% 3.569% 3.525% 3.685%
R210_3 2.884% 2.813% 2.787% 2.923%
RC204 1 3.392% 3.182% 3.083% 3.538%
RC204_2 3.273% 3.177% 3.146% 3.276%
RC204_3 3.425% 3.323% 3.269% 3.470%
RC205 1 1.443% 1.358% 1.332% 1.461%
RC205_2 0.464% 0.405% 0.395% 0.481%
RC205_3 0.898% 0.856% 0.843% 0.916%
S 2.043% 1.966% 1.938% 2.074%
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ek 6 P MTRERATLUEH - w(t) = 9 BUSPEsRIBRTIUR > w(t) =7 K& > 96 fHHIEZ:
Bt & ORISR EERYRT 10 #HH - A 8 #URy w(t) = 9 » BRI Ry w(t) =9 - [Altk
AtFeiRREE H w(t) = 9 By GAACS HEAKS% SPDP [ -

7 hBE R A EESIEREE 1 BCEAERY o B g 2EHIE )k MACS2 ZHEE ML
RIEME w(t) - FrRkie ST U E AR e P22 Rb ot - 55 2 iR R103_1
T RV - BRI 2  0.541% - R s LR FE(E 1 = 0.01 - Bl &t 24
THBHECEHE (641« B p 2EHIE ) A0 w(t) {5) FraEdmFTraE 28RS F I E-
7RI HAMBREAT 5550 - DUEHE -

’7 GAACSEEHR) GLS MEIEHEE /

GL S S {EREH
EISEA
0.01 0.1 0.3 0.5

R103 1 0.541% 0.522% 0.580% 0.495%
R103 2 0.630% 0.670% 0.714% 0.743%
R103_3 0.582% 0.596% 0.601% 0.638%
R112 1 2.634% 2.624% 2.650% 2.690%
R112 2 2.547% 2.513% 2.494% 2.577%
R112 3 2.742% 2.646% 2.662% 2.627%
R208_1 1.246% 1.206% 1.237% 1.280%
R208_2 1.270% 1.232% 1.234% 1.228%
R208_3 1.223% 1.224% 1.289% 1.275%
R210 1 3.636% 3.515% 3.562% 3.757%
R210_2 3.810% 3.399% 3.645% 3.581%
R210_3 2.955% 2.803% 2.822% 2.826%
RC204_1 3.306% 3.179% 3.258% 3.452%
RC204_2 3.199% 3.217% 3.230% 3.225%
RC204_3 3.377% 3.332% 3.383% 3.396%
RC205_1 1.448% 1.444% 1.447% 1.254%
RC205_2 0.407% 0.438% 0.504% 0.395%
RC205_3 0.930% 0.911% 0.854% 0.818%
g 2.027% 1.971% 2.009% 2.014%
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e 7 o MTRERATLUE H » 4= 0.1 BYSPEERBRSUREE - 4= 0.3 K » 96 #HHIEAZ
R SPEREHE SR FEATRT S A - 5 3#H R 4= 0.1 BUREAIRE 2=0.1 - Kt
AMtgeiaRei A A = 0.1 ic sy GAACS JHEL K SPDP i

BRI

AREHTEAEHIEL GAACS 5Kt SPDP T Dl IS GAACS S RRE AT i A
MBHECEE @ RAlldER s REBHHE (a=2~001, f=2,1=01, W(t) =9) » >KfiFF

43 &

[ —RELL 60 rdfy BRR - KM 30 X - SKIFBEIRRTIRFET I 8 -

R 8 GAACSREBEMDITIERR

P afg BB MME W(t)E EIfEy e
- 2~0.01 2 0.1 9 200 25
| B | STl | TR SRS | T e e | Tl A
(EEH) | EefEfE S EfERR | ZHR% T2 %
EH () | (CP¥EEi) (47)
(A) (B) ©) (B-A)/A% | (C-A)A%
1292.68 [1292.68| 1296.66
PDPTWR103 30 1 13 13 a9 10.48 0.00% 0.31%
1292.68 | 1292.68| 1300.44
PDPTWR103 30 2 13 13 13 11.27 0.00% 0.60%
1292.68 | 1292.68| 1300.03
PDPTWR103 30 _3 1) 1) 13) 10.00 0.00% 0.57%
082.14 |1003.77| 1004.94
PDPTWR112 30 1 © © © 18.78 2.20% 2.329,
982.14 |1003.77| 1007.30
PDPTWR112 30 _2 © © © 16.38 2.20% 2.56%
982.14 |1003.77| 1007.76
PDPTWR112 30 3 © © © 17.90 2.20% 2.61%
72682 |734848| 73488
PDPTWR208 30 _1 2 ® 2 38.66 1.10% 1.11%
72682 |734848| 734.98
PDPTWR208 30 _2 ) ® 2 43.80 1.10% 1.12%
726.82 |734848| 73486
PDPTWR208 30 _3 2 ® 2 45.90 1.10% 1.11%
93937 | 96422 | 969.60
PDPTWR210 30 1 3 3 (3.167) 28.32 2.65% 3.229,
93937 | 96422 | 969.21
PDPTWR210.30.2 | = 3 (3.067) 29.76 2.65% 3.18%
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I’ 8 GCGAACSKEBRMAERR (8

P afg p1E MME W(t) B EIfEy i e
- 2~0.01 2 0.1 9 200 25
W4 REEfg | SRR | U EERE | RIS Pl |3 U R | (Ui FEf#
(EHiR) | s SEHE FEfERFRE | Z2H% XD
FEE| (EHH) | (CP¥oELR) (47)
(A) (B) ©) BAA% | (CAYA%
93937 | 96422 | 964.70
PDPTWR210 303 | = 3 3 29.21 2.65% 2.70%
798.46 |818.663| 820.63
PDPTWRC204 30 1| " 3 3.02) 44,59 2.53% 2.78%
798.46 |818663| 82273
PDPTWRC204 30 2| " 3 31) 42.69 2.53% 3.04%
798.46 |818.663| 823.86
PDPTWRC204 303| * 3 (3.267) 38.18 2.53% 3.18%
1297.65 | 13022 | 1313.06
PDPTWRC205_30_1| “p ” 42) 14.89 0.35% 1.19%
1297.65 | 13022 | 130265
PDPTWRC205_30 2| ” @ 14.14 0.35% 0.39%
1297.65 | 13022 | 1303.89
PDPTWRC205_30 3| * 1 " @ 12.24 0.35% 0.48%
FiIE 25.95 1.47% 1.80%

AWFFEEE Ry GAACS 3Kfif PDPTW I » W] 1E 25.9 S5 §iSEEIIRF R - KIS BASFfig s
Yore A 1.47% .2 S FERA » Horr 16% Y RERE W] SRS AR ISR 5 33.30% (1 [ RE B AL iR
SRR LN 0.35% 5 S0%HY R RE BT i -2 722 B/ VA 1.11% »
17 PDPTW #HEAIFFCEG A B2 -

51 #&im

PDPTW RiRE

B fnimEAE

s
¥k

AL TTERCR B R AR

AEE Y NP-hard [ » AR R RE SRR AE A BR RFTA] A SR AHA R -

B % R R L ORI+ AT Ze FI e Ol R B B - s [ &
BT (GLS) » T (MBS E: (GAACS) K SPDP R - zerhi
FRATR R B TS + B T AR A4 1 B O S S S R (BB, i
EHA B REEE: (AACS) B .
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