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A Particle Swarm Optimization Approach for the Multi-depot Vehicle Routing
Problem with Pickup and Delivery

Student : Chung-Hsien L.i Advisor : Dr. Jin-Yuan Wang

Department of Transportation Technology and Management
National Chiao Tung University

ABSTRACT

The goals of this research are to develop a mathematical model and an effective solution
technique for the Multi-depot vehicle routing problem with pickup and delivery(MDPDP).
Our model is based on the published MDVRP and PDPTW formulations plus the proposed
precedence constraints. The precedence constraints mean the pickup tasks must be fulfilled
prior to the delivery tasks for each customer. Two particle swarm Optimization based
heuristic algorithms, general PSO and GLNPSQO, are developed for solving MDPDP. The
uniqueness of our solution techniques is the mechanism of encoding and decoding of a
solution, which is a modification of that of Wu and Wang [28]. Testing examples are
generated from the existing benchmark instances.-Numerical experiments show that these two
algorithms perform equally well for small problems. However, GLNPSO is more effective for
solving larger problems.

Keywords: MDPDP, Particle Swarm Optimization, precedence constraints
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I PETiE bR &(Multl-depot Vehicle Routing Problem with Simultaneous Pickup
and Delivery, MDVRPSPD) - = P& jci¥ § P42 7" 5 Jcif [ 482 — /&> & BAE %

PR ZEARPEEN 2 ER AT 2 RERAE b 3 E - §87 F
B‘ﬁifﬂ{% gEp o AP 2ZE - FERETREREAEL 22U w T Ry
7' Hi *ﬁ%ﬁ%-‘i%w BIRE 0 BEZREPT S CRBCR AERF > B R R R 0w H 2
2R AL AR F ]

Bigang etal.[1]f¢ * & FgFr2 iR & faogh sV i fofdjeid R4 5 A1 4
#0313 L 7% (simulated annealing Algorithm) g > B2 i 3 ¥ £ B E 2 4130 F 2 1
Boeima s o R R T H e 100 3 600 2 R F b2 FRF - g AR E 7 H
B 100~ 200 2 % 600 F 0 B W RfRE R P 2 IR EFENARF ]

Goksal et al.[4]4] * #>+ # & i it (Particle swarm Optimization)£? % & 83 3
# /% (variable neighborhood descent algorithm) &% e P jz i §7 B 42 % E 1% 5 §° &)
Bl BN EFEZ R I EEGE P BT E 0 E AFREE o

Wang et al.[26] 4% 5 S 2 e M2 jcF P A0S gAcE i w
A28~ b (backhauling) 2 L4177 » 4 B = B2 & A TR B2 &2 Z4140%F /% & 2 (Tabu
search) z_fog ;N 22 » 2. Vi R E 2 S @mpis %*’?T Sl Al FFER

Kachivichayanukul and Sombuntham[19]i& * 4c » 7+ ¢ £ 4 F]F 2 5 FH
i 1“ (GLNPSO) » &t GPE R & o™ o i35 ok jois [ 4L - SRS
Fol2 R FREMET R EE DR GE RE2L S L0 2 07 b
LIl R A

AFE 7 #-MDPDP > 11 3 5 H-ah & dmE SR AT - AjeiE R AR KRR 2
AP B ¥ o 3R AL G2 AR K IR e T A AT T L AT AL
S5 EE N E B R R

% 2-1 MDPDP z_ 2= ;2 jp i < L,;Jcij;_fij“.’—_

\“Jr

£ i» ik Fefa= iz
MDPDP 2005 Ropke and Pisinger ALNS
PSP RBP4 | 1994 | Renaud, Laporte and R ki e
Boctor
2010 Thangiah and Salhi e B N
— AL T BR AR 2010 Catay LLRE B JEES
2009 Bigang and Changshi AR = o SEl ERES
2010 Goksal, Altiparmak and AR =& Al CES
Karaoglan
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2009 Wang ,Sun and Ren BB O 3 R
2010 Kachivichayanukul and (R = e A

Sombuntham

2.4 F ¥ & i (Particle swarm Optimization, PSO)

.+ # i i3 v 4 Eberhart and Kennedy[6]4% 2 » 2 &2 4 hp &P
HWEFLZAY N IEEECOFES R FEEZ PR ERY X

Sl Ay Fmp

24 1R FHEG2FRE R

L

g AR F I AF DA EESME R RBFMAEE FP 90 £ S pE
i- ﬂ)’:ﬂ’* 2 ft&ﬁ‘%i#wm%ﬂg 752 fdh i BT g 0P i o 4o Dorigol 64 ¢
8% 4% 7% & % (Ant Colony Optimization, ACO) s A dBikiw &2 ¢ & Lifiky € &
BB e b g T R R BRRARF PR Pk R R M- SRR
i e (P ARE)E T
RAHERGCAEI AP I HMEFRED K HE 53 B R _'rfa,ggj\

L > B - LAY BE A e {872 (Boyd and Richerson, 1985)[6] »

L e A BEROTARGER T BEARD ¢ oG g% ﬁ#‘;s
e eSS E R AR ED T A b e F — BRI AR E WA R chig
S REEID DL BFELR o ifu{i (R R N ARl L Rh
HfrH B AR ALV - METEAHp RF 2P oERGFI RN - LHE
i Bl RABE A o dork F g FE e P g F R IRT LR el i ke
b0 A+ akend B A A% 4 > Eberhart and Kennedy[6]#% 21+ #8485 i3 v

L o

NN

-

2.2 FFEEFLREZ2ZEP

B A LR AOTIERRS Wl SR 0 ke B 5 E R

R BEPMEESH AL - FEIG - BE G AF O FEAG DS T A
@3* HEEEr 2% ?iriﬁﬁﬁﬁ&%p‘.aiﬂiﬁp 53R R drehyEE A EE
BB 8 P BT g 20 BRAT R B

Flt e HEER G D F Y bR - RN F - v at T
BER TR o F - BRI PR A B TR A BRS AR

11




2R FISABAR > F BREIENEBARNBFE RPNV, (F 0 BT 2
hFBR2ZER)RLT o ¥ oharg dup 335 - BETRENEBE
(fitnessvalue) » =+ B+ 9 g Frig p e P wenb G BEfrd G hi ) - 2 5
# B+ pow & op & it @ (Particle best value; Pp) i A B & &> Tk *\)m,r
GAE BT P ARG NS o PR BRSS £y AEWY DI
ek EE ARGl 0 L 5 F A E E(Global best value; Pyp) 0 io3E F L

ﬁké»{f—' Rt P BESRGEE -

F PRSI IS ERPHEREFNEHR BT EI R A AT ACH
WF (TR R T A A B AT EPHRIT A P R E T i A
BIEHAL - RREAHE > TEEEMA G EZ Eprip TR E o

FoF B Y2 F B IR AR4c B 2-2 7o+ Eberhart and Kennedy[6]£¢i§1 A
"ii%*ﬁﬂ?ﬁﬂj FEBiz o+ hiz § fiiﬂ/zﬂ I e R R b
T+DZEERE )igtz#irt—rﬂ nHRTEXEEMRZER 2 RHERG
Rz BEMLE B ’f*"ﬁmiﬁ’cﬁ Bk { AT & fi«%;i, ERTY 8- SN
[ A7H Bt o F 2 v 2

l

o).

l

Vin(t + 1) = Vip (0) + cpu(Pyy = 8 (0)) + g (P — 05, (1))
Oip(r + 1) = i, (2) + Vi (r +1)
He S % 0BT
h: % hBag -
T ”‘T:'tiﬁ'iil‘?ﬁi
Pp ' % i BRFarBEEREN P IFIAFThBRRDEE o
Pyp - tt%i’igﬁxfiﬁ’ip\ v T A hBAR DY o
Vp(T+ 1D 5@+ DX FEERFERF > 1B A% h B
MR g R o
Op(t+1): F(+DTEEFEPF > 51 BREF A5 h B
MR GTE o
Vin(D) : ST EEHE2Z S i BT AT hBapaw i o
(1) ! ST EEMFEZ 5 I BREF AShBARRDEE
» *Cg : §3a3 F]F o

us /3008 1 2 BFanigis gt dic

c
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~

SEE - B EBA L
o b (B oA bk B

~>

f_’.—‘J—_,q.—— l[i‘}“—-)- m\E)’@-IE’ q
<>

i% 2 ll‘}“"ﬂ-ﬁxlilﬁ_' =21}
B F B

B 2-2 k¥R EF 2 FE e

ek S e ¥ 213 & { #772 B > Shiand kennedy[31 3% &1 7 (g & 2
(Inertia Weight Method) » #-1f #2 4 & B (W) 31 » A & e #732 BIp - ;%‘cj B
ﬁ%ﬁﬁﬁﬁiﬁﬂkﬁﬁﬁﬁaiw’ﬂ¢@ﬁ+mg§,¢@ﬁ4@»—@
PR BIOF P L FF R EH I FOV AR REREL R
Shi and kennedy[31]7= 4% ! B % & & i (max V Method) 14 %z 5 7 dic
(Constriction Factor Method) & > 4o #7577 o

=4
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(D €2
Vin(® + 1) = WV, () + cpyu(Pip, — 0;n (1)) + cyu Py, — 0in (7))
Oin(t+1) =0;p(t) + Vip(r + 1)
Ao o P e E - 55 0.9-0.4 2/ -
Shi and Eberhart[31]:% 5 Hf 148 £ &7 fic & 138 B = dic(iterations) % 33 &> 4

T
-T
W@=WGH€TﬁWm—Wﬂﬂ

BAe W) iR ffEEELEE -

(D)t B RGE e T LE 2 Bt i (V) B ] 8 B (V) » B3 AL S
Bk R RIPNBTRRZ AT
Vin(® + 1) = Vip (0) + cpu(Pip, — 0:4(7)) + cyu(Pyn — 015(2))
Oin(t+ 1) = Oip(7) + Vin(t + 1)
If Vip(t+ 1) > Vg o2 Vi (T + 1) = Vi
Else iF Viy(t 4+ 1)< Viax? Vin@ + 1= Van
He o Vpax - KT SR o
()i it © & =2 LFGH R AR 1S Mt e T b -
Vin(® + 1) = KX [Vip (@) + cpu(Pip — 8in(2)) + cqu(Pyn — 0in (1))
Oin(@+1) = 0;,(7) + Vit + 1)

2
K_P—u—vﬁ—44

L=cp,+tcg u>4
oz R {ATERN AT ERE A - o FIL AT YT

Pongchairerks and Kachitvichyanukul[31]4% # { #7i2 RI ¥ eug B 'k 7 § < 7] 13 #
B @A G @B > ¢ L D] R 8 & & B (Local best value; P ) 4R it
. £ i@ (Near neighbor value;PJ) e85 » e+ 3% & 1 f§§ 4 5 GLNPSO - % #
B2 A A BRMAGESERTZ BHEGEY 7 A EREREZ RS
fORIT R & B A Ap Ay R eh R B H W S BT dRG & + PFDR(fitness-distance
ratio)F A2 o {34 it > LATZ R Ao 00T 0 T

ciu (Pl = 0 (0)) # ey (Pl = (D)) + &L AT ¢ kst LA 38 fOg e e

Fadl o 32 AT B2 RfR iR o

14



Vin(t + 1) = Vip(0) + cpu(Py, — 0, (1)) + cquu (Pgp, — 03, (1))
+cu (PiLh lh(T)) + chu ( lh(T))

Oin(t+1) =0;p(v) + Vip(r + 1)
_;Elt‘ 1Clvcn:§ﬂgs_‘k—‘§-o
Ph: % [BFIORBERENE, R F AT ABARDEE o
PN i % [ ﬁﬂiﬂiiﬁr&xiﬁip\ RS REF ABRRE DY o
BEORR F 2 R L ATER A S o e "‘%‘K'j}i?}]?c ERTAC LR
FlELZ %wJBHMH TI28][31][36] » ]t 277 7 7= &
R TR EY R BAMWA T EEEMEE E2 - 4 PSO
Fode » ¥ R ARIT B F B2 H 3 B 3 B2 GLNPSO 2. 24 »x o

2. FHHImRANESIENFEY ;id%ﬁ&wpfzﬁ’wwﬁﬁ
Sk B TR R REAR R 2 AT H S s F a5l 22

3. Q};k'—7 ——_ET‘[LPI;C“:F% F‘:{Eﬁ /l[ﬂ{t—ﬁ%%ﬁﬁoxi‘7 P]{“—'F% FF"P‘-Q:_J-?‘ ) ‘?—‘]
BOAEL AR IR 2 5 B cE [ B R ol [ R

o

oy

4. FFHEEL LTS E kB4 f %ﬁﬂ%’%ﬁﬁﬁéiﬁii%%m
PETCREDE R T EEE 2 S P FRA[20] 0 d oS FARE Y
AR ARG PR FI AT BB RATI L KR 2 R AR R E

F B A AT o
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F2F% S amb Ry

foF HE G AR AN IEFRA S TSNS F B E kR
I GBS 2 R R %&ﬁ_&“%gp?, T S T
B HRAE D EE PR G e [1T][30]c & AT g kT HA R L AR
WAL 2 S B N AAL B EF DR e
R LR LT S U R Refe

RS LA Bk i R AL - ATHCE BT RS B RS H A
& it (Particle Swarm Optlmlzatlon) % A A2 w82 (- 4 PSO & GLNPSO) » #
fed — PR o F A > 3.1 &% MDPDP i€ (7 88 W5V 1 5 45 ¥ 3.2
%ﬁL%ﬂ%ﬂ’{ié%’iﬂ-TL 2 H B AR AR 0 3.3 E DI L bl
2L

3.1 % F=biix | K2 &F #H
gL é/l?e’ * 37 %5 MDVRP £ PDP z2_ #c5 #i5% > #4d) § Hrak iz
R AT B AR o R N e

3.1.1 PHam

B 0 B
m: &8R4 B, H Y 1~2n% 2 REL» 2n+l-m i H:b
n::7 ¥ #
NV: 4,8 fmik
NTofefigivd¥2 & N ={1,-,n}
N=:#peiv¥2 838 N {n+1,-2n}
No#rs 7 KRB g &
qi: 7 KBGO E o FieNT > q i ¥ FieNT o qp 5 f ¥
Fi=2n+1~m> q;=0
Qu: 2 dwkey 1 11
Pp:3-xkPv & % 2 8 fpfcp
clikeK o i, jeV o i # j B RAIR G KBEIT] jirrk 7 A &
Yi - R A BRI B S B
AR
X i# o FE IR BT SR xf =15 FRlxf =0
Lf: 2 jmkap @ & Bhips B ff ko £
T : 2 dRkPRIR (7 % BEIEE B S h
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3.1.2 &F#H;

?%%’ﬁﬁﬁﬂiéﬁﬁﬁ%ﬁu%u@wﬁ

Min »1 12 1Zk 1CU xU (22)
ST:

moyY 1le =1 j=1~2n (23)

1Zk 1le =1 i=1~2n (24)

i 1x’;, Tyxy;=0 k=1~NV;p=1~2n (25)
PPN 1Zj 2n+1xij =0 (26)

YRL X ans1 Z] n+1x5 0 (27)
i=2n+12’? x5 <1 k=1~NV (28)
11 X <1 k =1~NV (29)

Ty Xl — fﬁnﬂ k=0 k=1~NV;i=2n+1~m (30)

T Xl =X k=0 k=1~NV;i=1~n (31)
x5 +q; —Lf) =0 k=1~NV;i,j=1~m (32)
TF<TK, VieNT;k=1~NV (33)

T XE ST <oanZR XE k=1~NV;i=1~2n (34)

ij(Tik +1-TF) =0 k =1~NV;i,j = 1~2n (35)
max{0, ¢;} < L¥ < min{Q*,Q* + ¢;} k=1~NV;i=1~m (36)
YR YR X <P i=2n+1~m (37)
yi—y]+m><xUSm—1 1<i#j<2n;Vyi,yjeR (38)
x5€{0,1}  k=1~NV;ij =1~m; i #j (39)

P EFRY o PRSI E(22) 5 B AR A A S 0 (23)(24)
U Sk 0 F KBRS R - 8B gRIRGE - S5 PR (20) AR S
I (26) (2T 4 e - N g A f AU R B E B Pl R LR B
DB DB TS (28)(29) 4 F 4 B sk U5 Bt w B U5 (30)
B4R 6w Pl E A B b sl U S GBI U] T - B FER
oo B PRAE U5 (32)FE IR AR 2 L BheNE G AR E N - BLIRGER B G £ e
bORRARS BT KR TR NGO EREL R T - TR AT AR
BRI 3 & B dRPRAr (T B2 B R Sl R BE i TH D - e
B ORPRAE > PR ILHIN (35T ekt 2 R HEL S 20 L] (35) A ke
EAFIN(34) » H AT B RIRAEFE B2 ER SHELLEE S 1 L (B0 FE iR 2
HRIRIS i AzY 7482 F LU RIS QBT 5 EH T R 2 gpdep 2 U
PUFI (38 A+ B 4 A P QDA K R F P IRIAR K
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g RE g oxfs =15 BRI =00
32k FHEEGILREZ
3.2.1 ¥ 2 2 FHEwp

T % - 4 PSO 2 GLNPSO i * * % #rsh 2 fci¥ [ RATZ * i iifzs £ 4]
WA L ATEAL BT R AL ARIE (7w R

[

[ATF Bget ¢ 5 R P W

B 3-1 /% & %428
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. T F2ar

W FE2PSOA 2 el T 2E- BRILEL O - - B
FenERE R EA - BROERE D - BRFAAF- BRE FM R EELRF G
B - S R F 2 B L2 S s (R )8 RS (et —>f3) o
a‘éa)iﬁﬂé)iiﬁfi’*ﬁﬁv@ﬁ;%ﬁ“giﬁ?a ﬁglﬁ;,ﬁ‘ﬁ,zﬁﬂkﬁfﬁﬁ“—mgﬁ{,
R - B AR UE B RN A EAYERE A AT
MDPDP #4945 fg £ Bk e+ 2 Rk > ML AR 2L -

Ryppp L E e R+ 288 BXP»F nBALZ Y & Al
BRS nE A xR R L F- B

2. & A2k

AEAER T R RS BT RTES Fd S o ;]*a{ﬁr’ﬁzr . kE
AvdodeF 2 & BAARE 2 #ciE S 2 0~,?é;.€ﬁ¢?ﬁﬁci B2 S o AR A
% T %R H AR PRIR 2 é'ﬁ:r‘ﬁ’ G érq*_r-ﬁﬁ,gr{ jz;:g:srgk\,mpﬁfg ) BeRA 2 A )
PR R LT EAR D fRIRIE 2 BLER o

T AR
dOJER T A D REREE g DA F F g R e L A R
G iE AR AT L

() REFEEeELsre - PprFi-o > 7ird
{0}, {1} {NV-2}, {NV-1}, {NV} 2 & & -

(2) $0&lez BE 199 | HiEz < [ BFR]A DR ETH 2 PRIZT S o
F4r 2z e B LB B BB A TR R EH L EE LB ) EE Y
SR PR B AN AR EER AR o

(3) HAFETH - - AR fe A B(E B2 BB AT T R D o i Bk
BEETHBO) - FHEEREL X P E-ZF R : X-(Xtn) ©

(4)  $rEEEeT R A2 2 RhE o 45 I SR ek

(5) R d fmBes > $T 2 BB £ T @3] 0 Fek-X1-(X4n)-
X2-(X24n)—+++—-—Xn-(Xn+n)-3H=k 2 B4 o

Bk > BAEETH ~ A B 3b2 MDPDP R AE > & B3rabirdeg ohd fes W G
35 FATEEG 40T

Ty

“M

*M

19



pELE |1 2 3 4 5 6
B+ & 2.3 3.5 5.8 2.6 5.1 5.4
BaRp
ABeboifed 2 B dmshs s 1012
BHrabitiet 2 8 it s 13 45
Fee bR S B e T 2 e

(2.3,2.6),(3.5),(5.8,5.1,5.4) » 2R tofe B A N > R | #IWAd ] B &
P BT REE 1(2.3,2.6),(3.5), (5.1,5.4,5.8) 5 #inEcE ph I ¥R
ZREETHE ISR ER > AR TR HEE N ETE 2 B
RSB RREEa I RRR AR E L ()3
(1-7,4-10), (2-8), (5-11,6-12,3-6) > 12 2 45 N B e & (& § S50 ) “T 4l 2 sk
BRI 20 M B L A BERHE S S0 ML B 5 B TE F
AT R 2L B S AT
§ - ERE  A-1-T-4-10-A
B2 ¢ B-2-8-B
B/ B-5-11-6-12-3-9-B

B3RS R B RE T E A R R - PR AP EE D
ELATRESG S g B R AR LT S FE R .

>
»

»
»

fu

I
W

-

43755 Bd 2 i

IO E D) 2 A e B AR - H R P RS (Zm1zm12k 1Cux1] FEAGR
B AT 2PN E S AR P PUE B {8 9718 T i s (B AR MARSF o

HRM LT E D N2 > 7 F UG AT AR - R

7”

2-opt i (FELAPN 2 o 5B S 7 R $erE enfie Ficy o

6. {470 % BB G EOHME LR/ TR E Y ARG
Sy

BRI EE  REXF LR RS ~ PR Y

do
=i
far
™
:,ﬁ-%‘
L
9
i

S AAR AR P R E R s AR AT R B R A A EE BT g
1,JL§§r =3 F ﬁ;ﬁﬂlﬁ@@ig]\@ N T ;5:1'_#); F’bﬁ;mﬁ@;@_’J‘ y ho Bk b LG g J ;]vj
PRAERF G REE (AT T 2 BHAGE A EF BRI YT - BREHEAR
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m
.ﬁ

SR A s R R SR S

B g
hEn o B A B RS B 6 A e e

SR TEHENR BRI P 5 e Ak RN R § - B

B AR ;}ﬂﬁi;l[;—}:_—i-t’ Birz BHMEGE AT RIREL 2 };’:[19]
MEHBRILZ-BEHE HIE R RE2Z PEAEZE -

TR GE D HENEREST S NEH B RS F”ﬁ:yﬁc\? FDR 2_# 3 B
FamiThidE  FtF Bt ar 2ty g7 - BARTHGE -

T{#*= B I?PERBARP DB BF R

AETEIERF TR T2 AR R S oA dn B T E AR T 2 BoiE o
Afs et fFdF 2 LATR Qs BEFLATEEHER > L AT 40T
- 4 PSO :
Vin(® + 1) = W@Vin (0) + cpu(Pip = 0in (@) + c,u(Pyn, — 0i(7))
Oz + 1) = 0(0) + Vi T +1)

GLNPSO :
Vin(t + 1) = W(DVip (1) + cpul(Piy — 0:n (1)) + cqu(Pyp — 6:(7))

+cu (PiLh L 9ih(T)) +chu (Pil;,l - 9ih(T))

Oin(t+1) = 0;,(0) + Vip(z + 1)

[f 6;,(t+ 1) > 0™, then
Oin(t+ 1) = M
Vip(t+1)=0

If 6;,(t+ 1) < 8™™", then
Oin(T+ 1) = 6™

Vin(t+1)=0
H
T FTREHIFE
lﬂT+D ST+l EE
Vin(©) @ 3T H P %
w(t) ! FTREE IR LRERE

B iR+ s hBARZER
B Fehs h BAREZERE



Oipn(t+ 1) ST+ 1 FERER > kTS iBagz =%

Hih(‘t) -’a\v‘l':i [N -F;\]:ﬁ '}:I,]B‘}L—J‘ma—;/ﬁ]]} HEZ

Pp:%iBBH&EEEST hBai
Pgp * FIP o 5 0b 2 FAR BT B D
Pit % 1B+ BB b gz >+ ¥ hBAagany -
Pt % 1 s cfUTR RN o Bt A% h Bagkag o
cp t BAEE 2 ¥ #

Cg - £=3 8- WE R 'S

€ HEBEEL ¥ Bk

Cp b BRITE i B2 ¥ Hc

us A0 2 B enNES

emaxl;;:,emin . :; /liiﬁ%ﬁv%]ﬁ

FIETHOR T RALT ¢ IR AL R AR e ik AR B wE 0 7
Rlw [ h 3 T fam  FEeFahlEns s o ofk o
3.3 G

AEHRAG = B E g FRFETEL AN 304045 &)
B3 AN A FE i > ABF L AMD > ARI L FEY G
PSO $dgcz 3k 2 b > BB A FEZB(T) 5 10~ FEELE(WE4~d 0.9 25X
204 P ptE(w: 0Tk F e EE(cp)2 ¥ i 0.8 s EE2 ¥ ik
(Cg)I; 0.7 #42 B (w)5 00 23 A Bps I‘E‘}.#I}Ijjgf‘r;\_ﬁ o

WA R LR

Ik

Ik

o

F_L

R HEE LR 28R AP EES = > Pl A Bt 2 BR

e = "&f'—r""‘i'ﬁ‘»:

HEZ LB ERBER T
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HHE R A

ﬂ\k'f—' {—ﬁﬁﬂi’bﬁ—’ ‘\m oG T]};;}l—:}- 5‘;,_:_ f@;‘/g_)"i ? é_i 0;1;'] 4(5‘%‘;5 iﬁ%)
Bz BcE o BRksri@z gk4cT

1.6 1.5 3.4

2.4 2.1 2.9

RAE R S £

R L SR IR SO AP T R - B E A (15,1.6) (3. 4)

BB RRAS(2.1,2.4,2.9) ﬁ%%ﬁ%@f?ﬁaﬂ$ﬁ~ﬁgua
RIS 2 Suls ) R R S S L

% - B A-2-5-1-4-A % B-3-6-B A if ik

%= B :B-2-5-1-4-3-6-B - iR

HHIT R E B L RRE

TA A ERES B A ARG AR TR E) T AP
G2 @ E T Ak - BT 2R S (3+2041445+15)+(2+6+2)=67 ;
¥ B 2 BE S 1120+14454204642=68 -

Z 31 A gbbl2 = A 2

d

1 2 3 4 5 6 A B
1 0 10 12 5 11 20 16 20
2 1 0 10 12 20 20 30 30
3 12 30 0 21 20 6 40 20
4 12 20 20 0 | 2 15 30
5 14 12 40 10 0 5 2 13
6 20 20 12 20 20 0 14 2
A 12 3 14 45 12 40 0 50
B 20 1 2 30 20 20 50 0

AFEG AT 2 s SRARPN 2 2-opte M E - BT 60 B F - iEER
RGBT UFR 0 A-2-1-5-4-A R A-2-5-1-4-A S B FAE G RE
(34+1411410415=40) -] ** Ju £ 2 (342041445+15=5T) » #e et o+ 2 4 > 0 2730 %
- B4+ B-2-1-5-4-3-6-B # B-2-5-1-4-3-6-B % & - FIH if A
(1+1411+104204642=51) ] % Ja s 2. 68 » g 7s % 3% o
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ﬂ},%—: TP BRI AR w (- 4 PSO = #])
A TGEY =c#i)=1pF > L3

- B2 BHEA G ES 40+(21642)=50> % =
BB FER L %- B3 2 kEDL-

ﬂ}‘%, D] FrE BRI PR

L E L AR L BHAGE . AT

BT 2 BREAEFES Dl A2
BAEP =% 3B
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x 44 3 8
/%"\
-3
100 | 34.58% | 98.78 | 20.54% | 379.45 | 8.63% | 892.42 | 2.81% | 3691.88
-2 13 3 2
3
100 | 45.66% | 122.9 | 23.72% | 704.31 | 7.85% | 3491.8 | 9.26% | 4710.42
- 22 3 8
-3
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100 | 42.06% | 123.4 | 26.34% | 732.73 | 0.00% | 2960.8 | 8.60% | 2903.19
- 22 4 6

e

-3
T 42.74% | 80.95 | 19.77% | 419.12 | 4.61% | 1418.4 | 4.62% | 2176.93
= 052 5 61 )

MtE 14 Rl Nk L e T R EE AT A KRR

B | 2E6 2E1 B2ET &8

&

BE | A | KR | FAF | RfERF | ELT | KRR | AR | RfEp
£ BA | PR Ao bb 7 (s) Ao vt R (s) A bt F(s)
7 v (s)

H

B

A

0
50- | 45.81 | 33.4 | 20.93% | 175.79" | 16.65% | 387.43 | 11.13% | 606.53
= % 06 44 28
3
50- | 75.99 | 40.20 | 40.21% | 193.61 | 19.63% | 449.66 | 18.95% | 617.05
x % 156 88 88 31
#

50- | 45.84 | 33.64 | 21.38% | 181.62 | 15.32% | 356.72 | 10.61% | 614.19
x % 531 97 97 85
/%Y’\

-3

100 | 43.52 | 102.1 | 27.98% | 432.09 | 16.88% | 973.84 | 17.38% | 2807.7
-2 % 641 69 06 09
3

100 | 58.31 | 98.02 | 36.39% | 537.87 | 21.28% | 1484.1 | 22.74% | 3277.4
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- % 5 34 27 38
-
100 | 51.01 | 100.6 | 32.13% | 491.39 | 17.52% | 2118.25 | 19.83% | 3138.6
-& % 156 22 6 28
e
-4
T 53.41 | 68.00 | 29.84% | 335.40 | 17.88% | 961.67 | 16.77% | 1843.5
= % 859 03 6 93
it I-DRGEARERELEEZ e b B P REFLF AV S REET
B & &1 2489 22410
REEZTH | AR | RERPF | F4F | REFR | F4AF | RERERF
g L 2 (s) A vt (s) Ao b (s)
"

50-3=3 8.06% 208.125 12.33% 271.734 0.00% 315.281
50-F # 27.30% 234.672 5.97% 571313 0.00% 252.969
50-+ F & 12.63% 255.453 11.17% 312.5 8.98% 223.813
100-#=3 20.54% 379.453 7.89% 2218.83 0.00% 1276.55
100-% & 23.72% 704.313 4.02% 1745.36 0.00% 1584.14
100-X & 26.34% 732.734 9.88% 3202.39 5.34% 632.984
-

= 19.77% 419.125 8.54% 1387.021 2.39% 714.2891

E 1-ORGEERPELE B2 L e TP REFLE A8 REpEFRT
g B2E1 289 2E& 10
BEEE | AT | RBER | RAF | Rp@EET | AT | RBER
E R P vt (s) vt (s) Ao b (s)
i

50-#3 20.93% | 175.7906 | 19.39% | 267.5281 | 12.05% | 293.4172
50-F & 40.21% | 193.6188 | 29.35% | 277.4625 | 19.37% | 232.4328
50-X F & | 21.38% | 181.6297 | 32.85% | 276.0016 | 20.36% | 306.3563
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100-323 | 27.98% | 432.0969 | 17.63% | 1815.156 | 14.50% | 1182.388
100-% & | 36.39% | 537.8734 | 16.13% | 2669.758 | 13.26% | 1176.184
100-+ % | 32.13% | 491.3922 | 22.71% | 2018.17 | 17.25% | 906.3828
&
T35 29.84% | 335.4003 | 23.01% | 1220.679 | 16.13% | 682.8602
A 1-T- 4 PSOEY F32 £ wh d pREWLT A B RjzpER
RIS KR | e £ 11 2 & 12
RRERTHE | AR | RfEERF | AR | REEFRF | F4F | RpEER
b At (s) At (s) At (s)
Iz
50-323 40.78% | 29.125 | 26.00% | 28.2656 | 44.38% | 28.9219
50-% & 58.50% | 70.4688.+| 31.67% |.?29.7344 | 51.50% | 31.6406
50-L & & | 34.87% | 40.9844 | 16.48% | 28125 | 44.39% | 34.5156
100-353 | 34.58% | 987813 | 27.64% | 591094 | 40.62% | 81.9688
100-% & | 4566% | 122.922 | 35.12% | 62.875 | 49.48% | 83.5313
100-X & | 42.06% | 123.422 | 29.70% | 62.7813 | 42.20% | 69.4844
&
T35 42.74% | 80.95052 | 27.77% | 45.14844 | 45.43% | 55.01042
WA 1-8 - AL PSOH Y FlF 2 £ w Tiop L@ L | A 8 RjEpE T
RIS K| e £ 11 B 412
BEETE | AT | REER | BAF | RERF | FAF | kR
graRs | e (s) o (s) o (s)
i
50-323 45.81% 33.4 38.91% | 30.57813 | 52.11% | 29.92656
50-F & 75.99% | 40.20156 | 47.02% | 30.3625 | 76.83% | 29.4625
50-L % & | 45.84% | 33.64531 | 38.44% | 29.30156 | 53.77% 29.7
100-353 | 4352% | 102.1641 | 34.54% | 62.40781 | 45.10% | 77.57188
100-% & | 58.31% | 98.025 | 48.64% | 61.82813 | 63.62% | 76.17031
100-+ % | 51.01% | 100.6156 | 41.21% | 62.77969 | 53.72% 74.75

56




53.41%

68.00859

41.46%

46.20964

57.53%

52.93021

4 1-9 GLNPSO 8 % F]5 2 & b i P LG4 F A1t & Rjaps i

L B & 13 B2E 14 B & 15
RRESTH | RAP | REEF | A7 | REERF | F4F | REER
B9 38 4 AL (s) AL (s) AL (s)
i
50-#53 12.23% | 364.641 | 24.07% | 150594 | 4.77% | 185.422
50-% & 33.65% | 334.016 | 33.00% | 147.063 | 34.28% | 222.781
50-% % g | 20.82% | 358.813 | 43.85% | 135688 | 35.06% | 205.766
100-323 2.62% | 892422 | 7.61% | 659.109 | 6.57% 581.96
100-% & | 3512% | 1068.36 .| 43.26% | 415375 | 54.24% | 608.281
100-% % | 19.56% | 923.42 29.70% | 662.781 | 29.97% | 585.313
23
T35 20.67% | 656.9453 | 30.25% | 361.7682 | 27.48% | 398.2552
4 1-10 GLNPSO £ 4 #]5 & @ T3ap gz L 7 A b & ff2p
B & B & 13 &g 14 w & 15
REERTH | FAF | RpEMEF | FLAP | REERF | FAF | REER
L vt (s) it (s) e (s)
i
50-54 28.89% 204.65 | 47.23% | 149.609 | 38.55% | 159.134
50-% & 43.92% | 297.503 | 58.52% | 140.491 | 65.31% | 256.553
50-% % & | 32.83% | 299.15 | 50.03% | 138.989 | 45.82% | 157.411
100-323 | 7.86% 973.841 | 14.52% | 572.408 | 17.67% | 587.572
100-% & | 48.64% | 927.873 | 54.54% | 577.873 | 57.64% | 717.438
100-% % | 27.39% | 937.816 | 41.12% | 537.78 | 34.82% | 639.55
3
T s 31.59% | 621.8055 | 44.33% | 352.8583 | 43.30% | 419.6097
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