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The Material Picking Strategy of Assembly Factory

Zhi-Han Chiu
Dung-Ying Lin
National Cheng Kung University Department of Transportation and Communication
Management Science, College of Management

SUMMARY

This study investigates the material picking issues in an IC assembly factory. The main goals
are to develop the picking path, to evaluate the minimum picking travel costs to address the
rework of picking operations in the warehouse center, to avoid picking orders with too many
items, and to remove unnecessary picking movement waste.

The problem is formulated as a Capacitated Vehicle Routing Problem (CVRP). Each picking
operator is considered as a vehicle with capacity constraint. We attempt to complete the
material picking requirement with the fewest number of operators/vehicles. To solve the
resulting program, we develop a metaheuristics-tabu search. With the proposed solution
method, we evaluate four different material picking strategies with real-world data.

Based on the numerical experiment, the results confirmed that the algorithm on these
experiments outperforms the factory’s current practice and results in significant savings. On
the other hand, the current enterprise met material picking issues, which proves that it
possesses practical application value. This algorithm is not only based on a warehouse’s real
picking environment but also combines the capacity of the material picking carrier to
calculate and optimize the best choice of picking batch and picking route. The algorithm is
built on the fewest total working hours to fulfill the picking process. Based on the total
picking person-times, that performance is better than those without computed. It could save
travel times and provide more flexible men deployment to supervisors. From this research,
the development of the best strategy algorithm can improve working efficiency, reduce
material delivery times, increase the enterprise’s productivity.

Keywords: Capacitated \VVehicle Routing Problem (CVRP), Order Picking, Tabu Search (TS)




INTRODUCTION

Order picking has been thought as the highest labors intensive level job in all warehouses;
its running cost is also highest. The cost of order picking is estimated to be higher than 55%
of the whole running cost of a warehouse. Any worsening of order picking will cause worse
service and higher costs. It will affect the whole material supply and production efficiency.
Therefore, when an enterprise encounters a shortened product life cycle, a compressed
delivery time, a cost reduction request or uprising service demands, the order picking process
needs to be designed as a more stable and optimized control system.

This study probes the material picking issues of the picking order batch process and the
arrangement for the material picking path in an IC assembly factory. To develop an internal
picking path and minimum picking travel costs to address the rework of picking operations
in the warehouse center, picking orders with too many items results in long picking
operations and too much waiting and unnecessary picking movement waste. This study
target to improve the efficiency of material picking operations and shorten the timeliness of
material delivery. It is actually applied to the enterprise's Warehouse Management System
(WMS), and complete material picking operation rules and related processing procedures
are established to strengthen the dispatch management functions in the storage center and to
reduce logistics labor costs.

MATERIALS AND METHODS

The problem is formulated as a Capacitated Vehicle Routing Problem (CVRP). Each picking
operator is considered as a vehicle with capacity constraint. We attempt to complete the
material picking requirement with the fewest number of operators/vehicles. To solve the
resulting program, we develop a metaheuristics-tabu search. With the proposed solution
method, we evaluate four different material picking strategies with real-world data. These
four strategies are: (1) the random strategy, (2) the least picking manpower strategy, (3) the
unlimited picking machine usage strategy, and (4) the increasing picking frequency strategy.

RESULTS AND DISCUSSION

Through simulative experiment, based on the scene measured picking route of a picking
operator, which is compared with the computed one, the result shows that there can be
savings up to 60.23% in the computed picking route. It means the worksite wastes much
time on unnecessary picking movement.

Another experiment takes a whole day’s picking list and tries to find out which is the best



approach under four kinds of strategies. These four strategies all have good performance. Of
them, the best performance is the increasing picking frequency strategy, which apparently
shortened the total picking time. Compared with the sample model, its efficiency raised up
to 53.98%. Also, the total picking efficiency of the least picking manpower strategy can be
raised up to 51.95%, which is just behind the increasing picking frequency strategy, as shown
in Fig. 1.

The performance of total picking times
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Fig. 1. The performance of total picking times

Regarding the performance of picking person-times, after being calculated, the performance
of all the picking person-times of these four picking strategies are better than the uncomputed
one, which can effectively save travel times. Among them, the least picking manpower with
26 person-times had the best performance of them. Also, it reduced to 56.67% compared to
the uncomputed one. Moreover, it shows its advantages better than the others, as shown in
Fig. 2.
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Fig. 2. The performance of total picking person-times

CONCLUSION

Based on the numerical experiment, the results confirmed that the algorithm on these
experiments outperforms the factory’s current practice and results in significant savings. On
the other hand, the current enterprise met material picking issues, which proves that it
possesses practical application value. This algorithm is not only based on a warehouse’s real
picking environment but also combines the capacity of the material picking carrier to
calculate and optimize the best choice of picking batch and picking route. This algorithm is
built on the least total working hours to fulfill the picking process. Based on the total picking
person-times, that performance is better than those without computed. It could save travel
times and provide more flexible men deployment to supervisors. From this research, the
development of the best strategy algorithm can improve working efficiency, reduce material
delivery times, increase the enterprise’s productivity.
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[=RE 3 20% o

Brynzér and Johansson (1996) #& 1 #-%& it 5 4p ke 2 & Frichie & & e —
£ B 3w (Variant Group, VG) ¥ A 17 3|# 2 (Undesired Variant Group) T % ¢
LAMB-t A RiE L B o ¥ U5 E A e K12 (SLASEPS) e inut 3
AT h - 4= %ﬁ"‘ﬁ—’@}{ R B-PER o é/r;)ef’viﬂu gt L fE N & PN
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{ﬁ@ﬁﬁ’ﬁ%ti%ﬁﬂﬁ%ﬁﬁ’u%@ﬁﬁﬁﬁﬁwg’4${%¢
dERERDEI A EEFL FhEg o G hEE 4P > @ SLASEPS
TR E e UVGS il Sl TR NS TEREFF IR D HE S
o T UEMERM P R REFTM 75 L S22 m L AP { R AT
VUSRS R e X R R A

Le-Duc and De Koster (2005) #5314 #g (& ABC) s 2R v » 72 /T *
NERFIFNHREOE PHEE R ELFOFTERB O ZAT R - B 2-
opt LEIAE N KRFHEBBEL T F 0 MRS TR TIER o AT F I H
TOAR G REZE S ) e AR AP RGETERETREF LR
W AR ELE > R EEGA IR GER T HMELER)PE HREAGR

2

WHE - BT FE AR AR R PR E T e AT A o
= ~ 324 % (frequency)

Petersen and Schmenner (1999) & =4eie ] #* #c® A # 5 e { 47 Fecnpd

FRCF N AR BRI RS g eani®2 s NEFTE BT o HE TP 0
B Aot i 0 U R S B A R e BRI R 8

R Rfr1 Al TR ARG RS F o Flpt o d (T2 2 i AR
RArkesd NBEAPFEF 2 FOLFEE F TA R o B0t dok R Y BBRAPRET > 3
HZ Rl B R s e B S B JRE o BhE

BRECRHCR LA SARE P4 0 E g S B R B R B R iR AL
o xfi L g ® AL A (volume-based) ey s & Suo ke fERE mdp i R
(1) diagonal ~ (2) within-aisle ~ (3) across-aisle £2 (4) perimeter » i =iz L #30 & —"F'f

M FRIS R HRTEERE A ) ST RELARE N RARE T

]

L e enff (IR TR FE o g R A R RS FE R
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#* within-aisle g5 Kt > A7 k3 HE <[ B2 LELfF M W E B Hc

A #G%% (volume-based storage) i vé & 4 7 10% ~200% it ¥k {7 BEHE o

2.2 3 H # P (Order Picking)

ﬁ%‘“ i%#{fi%é?% ’TE-Q j\‘kﬁut?‘p‘ NN E’J’h; %1 )‘Li «'P— ¥ };‘;ﬂi ~ _g
- § H ok i X

f*ﬁg"ﬂi':’—r;}%‘ J\m"’;\‘@f‘?/}i{f‘ﬁé ~

Pt
G
e
K
:\w.*;.
B
-;gn'\

FAIF R et Mg H A T o

ARy Rew pEsTH B R AE 0 ¢ 3537 H 2 2] (Order Splitting Problem) 2

7 H 3=t v B 47 (Order Batching Problem) -
2.2.1 3wH *r 3] (Order Splitting)

THp S EARY o FlHR D G LROFHPE T o E 5
B R R R AL Glde R R AR B] R fB T ke i T
e e e A e R A& E oA

et TR ar = i AR 4 b S LS SN M TE T 2 2 BT o

BRE (2001) #Huld pap 2 kP R f o AL R R B R
B e TR BA PR E PSS o 1Y G E A
BOEAPE R R R AR L PR RTE o A Fer BlanTE E R
ETHPF  RRATH AN T AAEIRT 4 g4 H R D EREAS T

H Ak 2] e wsg i #K;\Hﬁ% Bl R EERpRPITE N gy
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http://wiki.mbalib.com/zh-tw/%E9%85%8D%E9%80%81%E4%B8%AD%E5%BF%83
http://wiki.mbalib.com/zh-tw/%E8%AE%A1%E5%88%92
http://wiki.mbalib.com/zh-tw/%E5%87%86%E7%A1%AE
http://wiki.mbalib.com/zh-tw/%E5%87%86%E7%A1%AE
http://wiki.mbalib.com/zh-tw/%E5%95%86%E5%93%81

FOIEEE o Rl AR AR PR T R B R e E

»3TH = (batching) i 8 anp ph B FA R LR F A A B
SR T KL FRFRETEN GG SR AL R MR A
AFEH - TE M A b HE P L R BB e AR p 2 &
G B AP AT R R e £ ST H N B R e r g E
LSRR B B E PR R 5N i e BT E 4 st |

VAR R 2 R R B R TR S TR PR g oo

Kelle and Miller (2001) % J1% ¥ 2 sk pfe o pF (Just in Time, JIT) 2 #
HRRAL > R TE S R FEORAL T E Y A - BY AEAE
HEEACHULRELEBELR C EDNRT RARER o ¥ b THRL N
Ew BRI TR A "E %%‘#Fiﬁ*aﬁ TR R T A 5 R

BBk A ERRT RS F R G PR TR L EHEFR

—

R e R A - BHH . g R LR P HA R P HREE R

By g dp b BFE 3 ERODEE G 2402 Aoy o
2.2.2 37H =i (Order Batching)

Yu and De Koster (2009) #% 41 » 3P TR imH P THF S ERFF I H

p o phF R ALt ET 'Mﬁlﬁﬁ‘ms\fiifi"?ﬁ‘u YLAR S B

R EE ARV UK EL B IIRIFRT o smHR B H R B4 L2837

Hit o ond BERFF c %71 % G/G/Im #1500 kA5
PR FHARTE M E P E R AN R T R R R
B AR R B c LER Y T gy~ SRR Rl
oo b FRE T e B EF R A T E 5

M-

I
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Elﬂ\ % @E%;%%%ﬁiﬁ#u-&k J «I—_l i"])l’E):,—;‘\uJ— Eﬁﬁb‘"ﬁ (% * _gifg_fi ° /:‘ﬁ v gl
SN B Rk T R E Y B kR o B L § AR $PT R
THIE S H I E A F oA ki i“”'rﬁiviﬂfﬁlml?}a e fg’z

FRBAY F O] A e o

Goetschalckx and Ratliff (1988) #& ! % 43 ch A REIRB T > & &L IR
BB a RlA1sd fm bl f FROMPDIHE > EP-FHRBAL
Bip o PELRP AP > REBR DT - 2o 5 RSN K

?’ﬁﬁﬁ&%ﬁ@%ﬁiﬁﬁﬁﬁ%’@ﬁﬁ%ﬁﬁﬁ%%ﬁ@ﬁﬁg,
] gL uri r1Es i 2R41E B 2 (Dynamic Programming Algorithm) F i # #% i%
FEhh G ERE LY > Tl A F L BAFEF TP o B2 FF T
FogF g % > 72 (Heuristic Clustering Methods) & % 10% ~ 90% #& b < {7
oo

Elsayed and Unal (1989) 4834 &= AS/RS ehf & & SLk B ™ » 5 K f S P~
BERPFFRE 9 3 R8RS 0 v A NiF s 202 0 (1) EQUAL
(Equal algorithm) ; (2) SL (Small and Large algorithm) ; (3) MAXSAV (Maximum
Saving algorithm) ; £ (4) CWright (Clarke and Wright algorithm) o #75 £ 3% &
- BHE-iFRALEEI BN I BE A 2 - T2 BIHSEFIR
i g SR E 22 SL REC OB EEFARTRELFEZE
IR G

Gibson and Sharp (1992) # )& 3£ pR5% (First-Come First-Served, FCFS)
o 3w 8 02 0 FCFS Eogd ;8 endday #1522 H s g 5V 8 70 el B3R
DA FATTTE PN I R E W A § g 58 (Spacefilling
Curve Batching Heuristic, SFC) £ i 4§ & | e 3 # & £ % ;¢ (Sequential
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Minimum Distance Batching Heuristic, SMD) - urﬁ oI, YR - B

=

FHFE o AMBEET A EATS FMEN DR F i B
* ABC =¥ A e PR FF S TP E FE R &4 Wb 7 e 44%-
¥k i’r—"ﬁ# ip 1 & Euclidean ~ Rectilinear ¢ Chebyshev {7 4 g js™ » &
#®iEr SFC faF i ¥l i (T4 e H AR SMD fag AR BF 5o

A RS A H R 2K Y SMD EF N T FRERP EE
il SFC ke N EE AR > $ ¥ SMD g N AR £ o

Elsayed, Leeetal. (1993) & * JIT 2 Z454]3 2 » W peanivH iz o i@
AANERZEFrd AU B FHF R BRI o T TSP 2 L R 25k
THORGEER > L RpEERTEOID P P EFHE VISP S
(earliness) st 8t (tardiness) = = P AP A8 & (penalty) » P - & fti-H 2 7 &

Foferme > R ET oS 0 EIREFPPF LG L

Tsai, Liou et al. (2008) # &1 —- B & FE A - WA 72 T4 g7 »= 7

AR R RS o R R RF VAT B BRSERE - AT
#* 3 ATFF 52 (Genetic algorithms, GA) = ;2 & 4 = E if =0 4 b3+
GA =z wd GA_BATCH 4 GA_TSP %% &= - GA_BATCH % & /=
L] 1T R edt 5 e ds P e R d I E R R
GA_TSP &2 b | it (TREER KPR P b *anF RS 51 BT
AN e Y B A R EEAC A RRB ) By TR
BAca R s o a3 2 Bep o Rtk ERE i E R L - MaEH AR
FHRMPRGDFE MG NFARER T H PR aRTFS A T H 2
FROE SR A E R o Rk PE- 2P EnT o 124
EpRamE N vEL Lo RFERENEREE > & EH P P o

2R H PR R 2B AT - BF L4 0L & Sk multiGA -

18



FBl G Vg 2 B A SRR R et G F A MRS A
(Total Cost of Ownership, TCO) o izt F Sl & £ P > o3 ) en 2 f30
AR

De Koster, Van der Poort et al. (1999) 7% A B ¥ e H B 4E > & A4
WAEY BT HP RN - Al AR H - R v 4iE AP T’t—*ﬁ
P EEEOEFN S E L L8 A8 G (1) Ew ok (Simple,
Straightforward Methods) ~ (2) #&+ ;% & /= (Seed Algorithms) £ (3) % p*isp*
;% & 7% (Saving Algorithms) = A F gt ¥ » 37 H o PR 3ER * H 5 i 2 L5
ARG (FCFS) » = Al avig k¢ By a7 H &3 » 2 ] pickdevice
Che- ETH R &S %ﬂi&%féﬂﬁﬂﬁﬂfﬁﬁﬁ%% B jriA- L p B oooR
RoTRHT VA efag g2 B FE 2 AN B RR ARES
BB 2T b HEanTH e s EREZ KN =422 1 CW(Clarke
and Wright routing Algorithm)~EQUAL (Equal Algorithm)~ ¥ SL (Small and Large
Algorithm) 33 £ & % % > ¥ ¥ # * S-shape Routing £ Largest Gap

Routing @ &7 F ehie e ] Kk 326 i i > W R PR TR g

&

R o FRRSEEFED > fAF 522 S-shape Routing et B~k % 1+ 7 £ 4%

>
fln

BAFeno &4 pERF e 2 22 Largest Gap Routing §--| =1 pickdevice % €

GErrkhidoird CPUMRREELL /AR Y R f§H ofd+

P

]
=N

2.3 p B 2% # (Route Planning)

2.3.1 # b #& K (Picking Policies)
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pLER ]}yQ}EJq _%;}“%F—jﬁi% A ﬁ L_xirr:ﬁi% lFéﬁ—_ﬁﬁit‘ ,*"{LiEP\ > rrz;‘ﬁx
o B e R A RO A A ERM P AR AR

FAR e BPME  AURRE T -

Goetschalckx and Donald Ratliff (1988) 3% ! 41 * & fk 2RF[/> K fFid g p b
PP EAZR AL TEF T A B2 (1) 74X (Traversal) s (2) # &
7 4% (Split Traversal) ; (3):£ = (Return) ; (4) 4 Z|:£w (SplitReturn) ; (5)Z 3]
M B~fogg 2 (Z-pick Heuristic) - o 3752 #p % & (Density of Orders) £ 4 i %
B (Widthof Aisles) & &%)+ » & (T3 F o o L% 87 > F #* Gl §4%
Fuk o I BRI E T $R R R T LG 30% R (FRERY o ¢ At
eI P PR o Thnk g A 0 S IR HCP W AP Bk ¢
W e R Z AP P AL el vk 2 B end BO-P R
FoooHTAERG A T 0 3THE R R E B R P AGERLOE & F R
HRAF o TARKG PE AEERRE Sy % E

Petersen (1997) #& 7 H fB R Eoc R ag® i > Ak T 7 ¢ T AR
boRvE o deBl 4t o @ 45 (1) 7 ax vk (Traversal Strategy) ; (2) £ % K&
(Return Strategy); (3) # 2k ¢ (Midpoint Strategy) ; (4) & ~ B 14 i v¢ (Largest
Gap Strategy) ; & (5) & & W+t (Composite Strategy)  3%#7 7 4p d1 40 f W vg -
FREAGKRE PID BB 2 EH > MR T AR AT AR
ARPE S P B P BB E AR o e RS P RRBEE E E
ok & R o EREMB BT R B P R L R AR R ¢
GO AR S MBI R B A R s 2 P B g
P cHETRFENAED T AP RFRRFDHET LEE
B2 R ARFEAE L vt F A ERE D BN gt pFOP/ID ghik e Bt P/D

BL ot b e BN ARSRCE o
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Traversal Return Midpoint

v

) -

*Illl]llll*ﬂll
I N I N N N [ N

N [ I I T A N |

T T T T T 1T 1T 1

I I

Largest Composite

=

il

) | |

B 44 f K vs P Bl (Petersen 1997)

\J

De Koster and Van Der Poort (1998) %= 7 2t © Ratiliff and Rosenthal (1983)
SRR B B} T AT E R R FE R RO RAE Y
73 P~2 (Central Depot) 223k £ &% © & %775 B~ 2 (Decentralized Deposit) =72k
PO U ERETEMRE L S8 S-shape o2 v o B L R R 2
ERERTE < SR LN 135 80 e vh AE I AN = U ¢ I SR VAR S e 1853
BTehh Gz B9 AR N RERERT o E MBS HKD B B B
Fredrgo B2 A ABRDHRERT O REPFIoAEPN FREFED T
2ag B oo e A R on F AE P &SR H Ao pF > H S-shape Foi 2 g At g RE2
FA oo T dg o ATEUT D 2T LE Y T%~34% i ok R
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Roodbergen and Koster (2001) #% & & % 43¢ 3V e g &% & Siam > 454 & fa
BORIE (T A e AE B TR BT B e KR ECER TR 20 ¢ 45
(1) S &] (S-shape Heuristic) ; (2) # + @ 4 (Largest Gap Heuristic) ; (3) 4_if £
43 (Aisle-by-aisle Heuristic) = & * & fu RF|A- 2 5 F A £ ;5 (4) = &2
(Optimal Algorithm): r2 A 4 & U 8 72 K TSP R 3223 ¥ 5 B2 R enjl o

MR TR diahe & fog 2 (Combined Heuristic) o & % 43 s en g B¢ 0 3

FPRGFAFARARI AR PEAS B PP - B F Y L
i o R M FHF N RTINS  L AH By TG -
B 5 BRR A o FF 0 AT N 0 Y 0 2 A e E R

CELES AU LR AR IS EE DERES & R T

By

CENUAE S B Sa BN SR UL - B R R S A R

Tl Al ke E ORI o R B A X R W T A 4

lf“‘ﬂ

T iosk (7 pER o

232 2 w42 R 4 (Vehicle Routing Problem, VRP)

TARERE BRG] Kegsg 4l & R »= 7 R 3 (Travelling
salesman problem, TSP) o 4 & [ < {7 i 42 R B AL & L SR A8 > 22 R 38 p &
AT R B R OE T > FRE - k(T 5 d AcgE g o ET G B D
TREEZ S BREE I REOEERE S A o TSP R4 VRP g i) » 2%
Gaery §r Zhang and Zhang (2012) = ##f TSP R AZ-Z_ NP #x4g (NP-hard) -
Fpt o VRP 4 > NP #4%  (NP-hard) o B § e (77 B 38 cnlic 4] £
Dantzig (1959) {= Golden, Raghavan et al. (2008) % 4 & i} o

HEAR=EFREY - Bt Il &g 7ot 28 7 Eule >t 1759 #

22


http://wiki.mbalib.com/w/index.php?title=Gaery&action=edit
http://wiki.mbalib.com/w/index.php?title=NP%E9%9A%BE%E9%A2%98&action=edit
http://wiki.mbalib.com/zh-tw/%E6%95%B0%E5%AD%A6%E8%A7%84%E5%88%92
http://wiki.mbalib.com/w/index.php?title=Dantzig&action=edit

%k 1 Y54 o VRP & % 4 Dantzig f= Ramser *t 1959 &4 4 > & - T
Q'{Emﬁl”’—q-lﬁi”"}grg Zkﬂ'{gm%#ﬁﬁ‘f\ ﬁot—?‘f‘:u;ik’ﬁlv—%;}w
- BRGE A A e ey hd B PRERE S hF REDE

B o3 fe- T T 0 FREEIER  AME A KO EPFR P Do

Lawler (1985) % #F =zt p A AL > g4l & f < 5 4L > ¥ 45 ) VRP
AL » B TSP e VRP L3708 S dmkJRIME £ H 3 £ 2 - &
Rl e 427 2R PERF N EFEIWRF L 0 > aR EF 2T DT R
TS 2T 0 RPogo] iR FERS S A > I BB R kR
TSP #* %2 » # 3% : (1) Algorithm Based on Benders Decomposition; (2) Branch and
Bound Algorithm Based on State-space Relaxation; (3) Bounds from State-space

Relaxation -

Laporte (1992) # M4V & R *c 7 AP 3 H B R Z7 7 che & iRV R 3g2 — o
TSP % im g P ki Piuk me v LB BRRRY chAH > H2 35 22+
R ERTEROIERFE c AT U R RN BF B R 45
F DB R o 2 AZE 2000 B E gL F ). 7 ouid dF Constraint Relaxation
Algorithms % > f2/4- o B3% 1) 7 3% § % * gy ;8 2 2 1 Tabu Search Methods

f= Generalized Insertion Algorithms 2 & 5 {% < &4 o

Gendreau, Hertz et al. (1994) # it 7 — & #7¢ TABU ROUTE ¢+ VRP - i%

- LG FEAeRIL R R U P e A i 45 0 &7 Tabu Search
Heuristic » 3% 5 = 4 gl B H § » R E 45 # "f EEL TR-HE AT Y -
B A B E enfp iR en B 7 o AR AT it R3E & P o Tabu Search i3t 35
g kTR N EE o 7 TABU ROUTE 5% 4 =k 5 A dramenfgid = % o

TABU ROUTE i % ¢ A % 5% ez % o ¥ b > @7 12 SLAID e 74
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o PR RS ARLE R IR R S BARE AL B o R ME

A5
o

Bramel and Simchi-Levi (1997) #& ! & :i73# » /2 (The Nearest Insertion
Heuristic) =csf iz o d % TSP #7 £ (8 enfe 4 > i 4o fe #9775 enZhi - = -
Flgb o (T ARSI T N Bend B B Rl - B2 &) RS AR B
27607 337~ o #rry Bh- Bh- Bhand iAo R o g 1 BN AR 0 4T

F PR T (7 AR

Seyyedhasani and Dvorak (2017) #& 41 2 etz B4 & - f&* v L 35 5 4
TRRRRE A 1R o AR E MBI T R 2R E R v B BRI 0 S
TR TS s fefet B S S VRP T ikt RIS
o PER o @ A AR B2 (% B Clarke-Wright & ;2 &g 223558 )
frlfos 38 B2 TabuSearch & (7 it o iod IR ETE T X B R A
BAEBEF TR - BEXRDOAIENFfo- B LAFRDLFTL I 130
Fpri* 1235 fr 1048 e R P ERF AT {of 2RI 3 £ o &
¥ % L3k > 2 (Tabu Search) 4p#>t Clarke-Wright 7= ;2 » & fo § b
PERF A SR % R HRET {HafEA o A R0 R
PR HRF T 5 2B F E o Tabu Search #& & { ~ e e o { 47 Rl 28 22
DR B4 AT R Y § 4P > TabuSearch i i =z % < Clarke-Wright
ﬁ#ﬁﬁﬁéﬁxﬁﬁﬁﬁﬁﬁ3%&@%%?7gﬁﬁwwuﬁ“1w@
PARLIRE VW AR HP R R AP D d A RERY 2 5

\"‘5‘-
“‘o

H

FAFRLod A AT L RET 5 W BR AL BB S PEF fod reem

FEOFIM R DR AR DY RELITES FFLLRFY o

Nair, Grzybowska et al. (2017) # &1 - B3 B el /Sl > g AR F L E B
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T feia %ﬁf?%ﬁ— B3R e s > FRFERAE LB AT F RAS
B VR B T RMREE N A PR R LR T o T LA R
BT R AE4E 0 - B 2t TabuSearch sfa# Uj3A 2 3% o ¥ NIF & B
Birid el Fu20 2 - FHRAP NP> F By g S E

_‘—‘B",E I;\Egai%’%l’b B ﬁl%'}*mﬁ‘,ﬁl515%%?})%1%}?3’:}#5&‘?%}%0

24 )%

Boan AT 3l en )F*%?‘q‘i PITH P B RS R R 30
H

§ooRE G R AR o B9 0 d gmi 4z Y 414% O) o Tabu Search g ¥ %
Lo 024 R Rt E s EH IR CRRE - R R S

Mt en® oo 2 T AAF IR AR S 0 - LT o F ORECEIEY S B Ao
BEE - BATOREES P RAREAANT

st
MiEE S S IR R RN R EP R M AR IR PR
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3.1 BAE®RD

AR B RSP LR EH R E TR A i e
Wt h AR B 2 i o AR M AL TR S TR 4T

,/

3

w

PP RJLIEE A L Z Ba BING

F- B R &4 E H ¥ (OrderPool) o SAP i sid-sk g 322 # ek &3
gl £l AR AR 2R A SR s - it E S ) g
TP Pes WMS k% s 538 WMS St = Fau s 8 = 5 4 p 8 ¢ (Order
Pool) ke w & XA (g Al F LM H » RILT J P BE R
© B R

BRI CREE PP TR T dg TR R R E e
SR AL o FFIRER QA S B PREFRI TR R AR R L HE Bk 1R
BCEIRPESE LR MR E AR A E R R R
Hoopdpieenfli fF B A e d BREE b E BT B PR E SR SR
PEAPIEE G FERE L FRE NGRS R T E TR T
biTE pEoc o

FZBIWP oM ARG TR BRI R RRERE A

fecdh A HEERERE TE R FERL R R A E B
Hofkpe Zo ERFAMEPLE - RHEL S LI RBEAME



R T I A T SRR SRR S SR TR TS
S R s T LTV RRN R LY PR T T
FnRIT T Eo A IR R L RS AR R

FHP AR TR R AR REPGR Y R S TR E S

3=

%

BE ST PART R AT S i PIRER F AR B v

B PHFARSOREE > 2P R R R
PIFEFBREHE N (2) TRMPHE RNFERYETE 238
WP A AR E MR F T o PR FEcF P REE AL RS
PREPEFH - FERFESAIZERFARFERLT? T oM o
PP TTERH D SRR AR PR o B 5P TR PP niT E p ik

s A
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c1 M ERLS

W

Order Pool
(& & pF, - 42

a | EAD)

CLE =S

wp A A

\ 4

Y ERECE Soit

\4

WO R
58 F

A 4

She
-

Mt

No

v

R

P T B A

ERARER
Ewfkp e

v

SR

P g (2) Tt

R

e

B
4

Bl 5 kB ' ¥ 42 B
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3.2 FAEH-3

AT MG FE 42 P fmet 4z R 42 (Capacitated Vehicle Routing Problem,

CVRP) i o #yt it f AR 5 2 dp A2 R0 A % - = f ARG - 49

321 CVRP 2 jmitfe i 47

CVRP RAEAAF 5> T dfmlics M2 2R3 £ 05 2 fpiis
(FEEAE B | AT R B ERIEE B p AR N LR BT R (S

FEPw P e o AFETRELAFANZ R o dod T AT

BR ARHELBEREE G=VA)V 8B EE (V=
o vy, v} ) A REARESIAEFHER (A={(v,v)i=]}) >
REAE T & T R-RIRf AR AN | LURFIAS ] T
FLEE S A - A Rl oy AT o AR PG R B A
(P E e AR~ 78 A0 % T ) it 23t g (depot> F vy)
Hrmgpd Lo ARk RHRATTASEERE S w2 AN T
CVRP ¥ s k3t - /R 8 = A B Ml PR > F 00 g T i

1. & SRS ehdeig B 2 AR
FFHREZRE ¢ (A DFRE qo 5 0) aFiwd “tik
2P EEEATREIHFLE T Q;
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w
.3
P}
B
A

ebehg BEgAeE £ 5 0(q; 2 1) BIY I ERE

322 A+*EXK
I 7B R kp AR- BN LM E o A EH P
g TR o

2. MM P ETTRE MR SEEEL L od ? ARER DR

g TR o
3. F-oWFF - RIw Al MERE SR EE L o

4 ME BB S kp-BASEBERPE oS P -5 4
AL E Ak - R p R R

5. & ik f o 7 WACER PR B AU

6. 2 4 EHA T REA DEAEF L o

(AEREEE S8 S IS S I A
8. MU AT PPl if A RIGEZE F cphfL o

0. #F BT FREMIFE PRy PR BBk - B TR

P o v pmeEEy o EREFASD

10. R4 fH Mg %0 R R kil R o B R

F R R B8 A Te bR SR ] e [ Ba B R TR B endlal o
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I 7§ 3t HFBRER » k- fF Rakdaiie #0200 el | of
E o

12, 4§ R 4 p pa o pr /o 009 % 17 44 (Traveling Distance) B /¥ ~
FRMEMBFER - E YRR AR SR ER R 88 B

JpE R et 43 o

3.3 #f3+ 2

331 # &% (Tabu Search, TS)

F] VRP R385 - NP-hard R 38> K25 BF o sca AP 7 800 R 3V F &
% (metaheuristics) - # & #% ;2 Glover and Laguna (1998) #-f% } i# CVRP F
FoTS 22 AL L W EHFAF L A X IcEose? » 2 g 28 (tabulist)
LBt K BAFE > UEALLFEENAINHE LA RE RDFEE DY
pre HiFpd vV IF AR FTIRIMITREE > 2 L PHREE" » NEL

Ffapap BT R o

d Glover (1986) 73t M ch# L 30F 2 > JEd 7 87 & & e dfide < p &
WAL AR FEp N B RAEE U B ARG AE TR A
Fd R Ry R RRRLOE LR RIEFES R ARG ARG
Reiox 2/ o B AEH T - Henirfadpr BV EH g &9 ¢ 2o iz
WG LH Y GERITIE LR R R Bl L AR B A M Rl L

22 X .
R/ ACT
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#837 f#(Neighborhood) @ fric & eniE4z® > ¥ L7~ T — BEH GV 5
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2 3

e

’%-’_%gmg;

c«,t“

I

Z H (TabulList): 3 # 2 3F st B85 X PR

Brack > B P HY OB BRI RE LS LT AR AP D5

WAEATEE o [ar BERY  HN SR LH P OB BRI £ XD
BETE(ATEL LH o B ARAN S N RIS L BT

|

"

+

B § b B FRET UB% LATEL L - BaEe
.
13}

HE IR AR RN ELER
28
SEREIET R R B tHERA B L RUVPER > S E S

3 ¥4 (Aspiration Criterion) @ #0752 #F f. 18 4 B2k i PR
BAREORHIHF A FRIH B OMENT R LEY

SRR AT B £ S (AR > T RB B L L H ik 2 A R

¢
.

2

iT4L T —

w4

—\

#

Wi

E e PHALEFFARLTUERTRELY 7 KT
WG B R { RS g o

% (Stopping Criterion) © 45 e 8 % 1 05 i& 5 chig 2 > 7 % 3F
;}:ﬁx"\ % ]Jn:(;a';: ’ E\l:}'?.;}: P ’f#fﬁ;}‘f“é‘%;i% 2 :,\;a';: , E\;éfll:}’?—";{ R %%L‘
AR R e E
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332 BRIPHF AL

TS ks 3V iF & iF 2 RjREARA-T
s REB- BV AR

hoe el fH chdiR [ EOR 0 A7 F 2 4% B % (Greedy algorithm)
T AR TR AR AP
BAETZHEL ST FARELHFE L Qo

Zhang, Schwartz et al. (2000) % A # » & 24 - %

|

B A Rt B R DR M P E M B R o F 0 A

fRZ2 18 > PR L fEE (Swap) Kex LA dofd > B FRZ S 2 2 %
(swap) M A A His ¥ FRE > T RIFEZ AL RELLEY FER K

e FEY CPHER AR F AL CHE N oS AFALE KB R
BESTAERIF LA P T ) e AT RS AR R R
KSR B BEPN > BB ATFSREHE - RIS e

Generalized Insertion Procedure (GENI) ¥ Subpath Ejection Method % -

2 Rego(1998) % b » Hpje x> N2 5 3F > H - 2 1 HB4 ¥ - 4
ARG LGP R T AR RII G RRES A T2 T
A A AL R AR AT T A5 - B RIT R o

G RS SR R R R L B AT R B
BB FI NG 5 R N AR P Sl A2 B o

7 %%Qﬁ#ﬁ#']ﬁ ABEPF HE I RE el 2 H-
P g LR RPN BT R
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LEJ (z)f,\»;ﬁ%{ Bz 5 (3)E A48k 0 (4) wH A F irgén Bz oo

L A PR AMPPFRERS > REFRIIR T2 4R R T
Ao SRR R i R TS B &V R R u 2 R AT ] gt A 0
BRGERER R S 2 RIR L 25 R F B
FER AEA A R*¥AFPH - 253 B LR R -

2. ﬁx/'}ﬁ%‘ ﬁ a:“% . ,\ &ﬁ—ﬂ&ibﬁ ‘j\\]x*gﬂ; , VEI'—— + F\.:' % p{%ﬁgj *%L;‘% é‘
HOFREE T T R A ks o

30 WE AP P HEREEPB R AR - 3 AT AR R R
RYMF NI FRF T o FISF B AEERT IR T I

¥ o

4. ;;&E;{Ei\fgf%( l;f;\lﬁé H ',_‘ ]F)‘ b'?ﬂlil%}ﬁ ﬁ\\l}z #E]H?» ’ "';, ;I% H /r“\_%i "‘};F'_ ’ E}

BB PR - B P
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ARRFEREES SRR R T AR e A 4L1E Y
Brh B RTRE - PRI IFBITP (T P 42 $EPIHRAEP 2 FHREEE

ST e A3 E Y P B R R T e -
LR R

411 R %EH

AFHRDOMPEE LG TR g ERY B G R K & (Automatic
Storage Retrieval System, ASRS) » BB T o b %5 6 Bamb 4 > AEF ™
THEr A R EME B E R A X P AT R R BN & B
s ATHE B B (PID) koWl 6 4T o TR A 2R G A A
ASRS P 3 3x 2 Bir 2. Flcdh o T s — BLBEX Ty S g F ko T

AR AR S e KRR S KBS BRI TR
PSR S B N S R TER Y SR SRR o
FRAVERLOWGD P pFE PR e R A S - ke
Mp R P

fp Bd PDREE NFINEMBP g 2975 MPw Il Ef
e R et SR - R SUL AR S oy
BoofiTy g leimmpy o
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AR IO E P o R FAIRR 5 B RN A EEERT R
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P TR 4o B G SR R B B PR M E T f 4 e
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Rz Hi ~HFEFE EREFEP 22082 - 280 ¥ 737 g
FOMATH PR RS R R AP 3 FIARE A TR B2
FREAMPARGE > F S BREARGHRE 40 3977 - F - =
Wb R IR R 0 Rl R A RS AR G 2 AT e
AL BRERFFABNZEFEZFE  EFHREFEP 2 EFFL A
WERERPT G > FlL BB A AR ERG - 4ok 4977 o

B2 ARG R

At R A b B
Bl | A5 | EkE g 12 I:> s | R | EkE B i
P1 11111 | 1308 Y3-03-2 P1 11111 | 1308 Y3-03-2
p2 22222 419 Y8-01-3
ERRE AR XY £t S
AR F R Bt i R
Bl | #eL | #E g sl | s | #E [
p1 11111 | 1308 ¥3-03-2 P3 33333 | 2123 F4-10-3
P2 22222 419 Y8-01-3
F A defERG b 2
ARE B B i
Bl | MR | BF AL BEF || AR | HEE | & BE i S#FE
P1 11111 | 1308 Y3-03-2 90% P3 | 33333 | 2123 F4-10-3 80%

P2 22222 | 419 Y8-01-3 80%
P5 44444 | 225 F2-09-1 70%
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(GECELEE

P& CHRRHE P MR SRR T e B W2 B

OE EEE SN S S1E ¥ FI ST

A2 R KRS

AR R ERFFICEE - R E L 18 LR AR
BLEEE R 0 AL H 6T TR o R LB 3 AR R
AR R S e R i U e A B S
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BrUpI s L PR B R R T MR RSB SR RE A R
FR 7 A AT BRI R AR 0 - SR BT R A R R
2 ARP o EE G E R S AR E AT A > doh BT o Pk R

7A_243.76 2 ¢ o @ PP S BLA-B T AT o

% 5TS fjais %

Py e KRG | REgEM) | REEM)
13 | (@2%) | ##F1 L
15 F5-28-1 BF1 52.26
16 F5-38-2 B¥E 1L 12.6
14 F5-34-1 B¥E 1L 5.04
17 D2-12-1 B¥E 1L 62.57
18 Y9-02-3 BE 1 25.56
12 YB-08-1 B¥E 1L 47.93
0407502 B 1 6
2 0504606 ﬁf*‘ 1 2 243.76
10 0110304 B 1 2
1 0609505 B 1 2
8 0205901 B 1 2
6 0306904 B 1 2
5 0802907 B 1 2
3 0210709 B 1 2
4 0201110 B 1 2
7 0313710 B 1 2
11 0411309 B 1 6
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% 6 Rawf RARpER 2[R

(4 ik RPRA B REER(M) | REE3R(M)
0609505 2 21 10
0504606 1 581 2
0210709 1 21 2
0201110 1 581 2
0802907 1 581 2
0306904 1 581 2
0313710 5 a2 1 2
0205901 1 a2 1 2
0407502 1 L1 2
0110304 1 a2 1 2
0411309 1 a2 1 2 013
YB-08-1 6 a2 1 2
(EF% ) 3 s2 1 140
F5-34-1 1 s21 51
F5-28-1 5 21 5
F5-38-2 4 31 157

= N IE LR 1 70
(D2-12-1 % ) 3 582 86
Y9-02-3 8 sd 2 50
rBE2Pw IR 22

|

AL,
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F 9L R R RES

unit: minute bR

\ oo . . RERF | kPR
Fru| | Hyp 4 4 R A B C D E ) 5o )

5~7 23.55 26.98 15.93 15.82 10.2 92.48 00:13

7~9 64.36 89.95 9.93 65.99 20.13 250.36 01:39

9~11 67.58 118.1 19.67 116.8 35.26 357.41 00:58

5T 11~13 64.26| 119.85 0 72.69 0 256.80 02:06

13~15 13.48 29.63 0 14.31 0 57.42 00:06

15~17 50.93| 110.86 15.93 52.34 0 230.06 01:39

BpEERF(s) 284.16| 495.37 61.46| 337.95 65.59 1244.53 06:41
AR | REEE

‘T A4 * *
FIw | Hiyp A 4 pFE F G H I J ) (5 1)
17~19 38.25| 13.36| 27.53] 32.24] 34.18 145.56|  00:38
19~21 39.34] 80.53 3.53] 22.93 8.58 154.91] 00:56
21~23 30.23] 15.04] 49.73] 50.83] 13.38 159.21]  00:49
BT 23~1 88.26| 62.42| 78.53| 47.16| 74.49 350.86] 03:56
1-3 )| = bl 3.53 0 23.53 48.27|  04:26
3~5 0 0 0 0 0 0 0

BEER(A) 196.08] 192.56| 162.85| 153.16] 154.16 858.81| 1045
480.24] 687.93] 224.31] 491.11] 219.75 2103.34] 1726

B i XLZiEiTin g 82 %‘Uﬁ

() B HF R ke
A g B Rk - A S R R AR PR § A

AT b Rf2 o Fo S %40 10 277 o p AR 5 2,096.69 » 48 > 4k
fRpER 2 14 4 15 4) > BARr f A 26 A o R AN EHBR S OEF R B
v‘#ﬂml"zlr\ﬁi%ﬁ*ﬁﬁﬁi%ﬁ?"’«)&‘ > p R

Py RiEAR S ,‘ﬂf%?ﬁjﬁ;&% oo B S H R FA L A 50

AP FE i ik

&1 0T f :}}%.‘i’ 1&&;&%‘ TR0 RE o
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W0&" HpRAKETRSES

unit: minute fp R

. DU R R RER | RARR
s |EHpAIER | A B C D E O | or o

5~7 91.53 0 0 0 0 91.53 00:12

7~9 0| 106.29 77.62 64.66 0 248.57 01:43

9~11 55.71| 111.37 72.29| 117.94 0 357.306 01:03

57T 11~13 0 65.43 0| 112.89 77.74 256.06 02:25

13~15 0 0 0 56.94 0 56.94| 00:06

15~17 0 68.03| 102.43 0 58.65 229.11 02:05

BER(A) 147.24| 351.12| 252.338| 352.428| 136.39| 1239.516 07:34
- y R R AR | LR
Fiw| | Hip A 4 prg F G H I J o) 51 3)

17~19 0 67.01 77.8 0 0 144.81 00:46

19~21 92.62 0 61.15 0 0 153.77 01:02

21~23 0 89.15 0 69.9 0 159.05 00:58

% FT 23~1 118.41] 100.89 67.64 64.43 0 351.37 03:52

1~3 0 48.17 0 0 0 48.17 00:03

=B 0 0 0 0 0
BER(A) 211.03| 305.22| 206.59| 134.33 0.00 857.17 06:41
358.27| 656.34| 458.93| 486.76| 136.39 2096.69 14:15
FrLoxadiriag s R
(3) & AT Wk
HOF R KRR - 3 S P AN F PR T R
BRTHA ARG TS 2 E BRI R R - R R

B e i

wpA

P e 12% 0 3

)
=

11 #7573 4 PFAF 5 210356 ~ 4> S RfEFEF 5 22 4 114

WPl it % =

AR 2 BF TR TSRS
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oIl E A UH R F %S
unit: minute fp R
B FfzpE Ry
Fiu| | Hyp A 2 K A* B* Cc* D* E*

’ () | (A

5~7 16.03 27.92 14.03 27.26 7.13 92.37| 00:13

7~9 67.73| 69.234 0 56.85 57.86 251.67| 01:38

9~11 113.42 37.79 21.58| 117.96 65.05 355.80 01:11

531 11~13 84.46 89.89 1.39 81.69 0 257.43| 02:11

13~15 13.87 13.77 0 26.43 3.63 57.70| 07:46

15~17 71.13 14.02 22.85 68.13 53.92 230.05| 02:02

BER (L) 366.64| 252.624 59.85| 378.32| 187.59 1245.02 15:01
AR | REEE

T % Bl g * * * * *
siu| | A2 R | F G H | J S s
17~19 34.1 52.35 40.78 5.49 12.55 145.27 00:40
19~21 23.9 34.93 44.61 19.43 31.27 154.14(  00:59
21~23 72.66 14.46 0 58.13 13.75 159.00{ 00:52
22 58 23~1 89.06 66.73 85.06 59.36 51.53 351.74] 04:35
1-3 21.33 0 3.53 23.53 0 48.39] 00:04
3~5 0 0 0 0 0

BEFER(S) 241.05| 168.47| 173.98] 165.94| 109.10 858.54| 0710
607.69| 421.09] 233.83] 544.26] 296.69 2103.56] 22111
Ao i xS imm s mp

(4) 7= H AF 5 5 e Kok

HiEEERg Rl ori- 2 S HREAR S - d 5 B PFiFES
- Bl FlR REAE S - B - S R B R Hi o & EXR
FRAT-ZmERT ML TE - FRES40d 12977 > P PR
2,008.23 4~ 4 0 G RfEPERE S 9 A B34y 0 AR B A = 69 A o gt ek gn H AR F
Bed B L - P A FIRE B 23 0 A A BB A T
BE UERLEd RESTIE es > T oonE gl e g KRDIG
FlEE R e E Bt > TR L R AN BERS- B ERT LIRS
S BRSO RBEET - R E O MBS o
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% 12 % H ﬁ?{;}’ﬁa’éc Tf\“%?‘%ﬁ%%

unit: minute bR

‘T ! = * - BPER Fefz pF R
s |EpAIpR | A B C D E G | or o

5~6 11.26 18.93 0 16.96 23.99 71.14 00:07

6~7 0 20.07 0 3.53 0 23.60 00:03

7~8 18.53 33.72 0 23.76 0 76.01 00:10

8~9 42.33 39.13 0 44.46 49.03 174.95 00:47

9~10 52.45 58.87 0 44.76 0 156.08 00:24

10~11 32.22 30.41 8.73 6.45 26.86 104.67 00:07

53T 11~12 5.96 19.53 0 19.85 0 45.34 00:06

12~13 56.43 46.47 30.83 59.12 19.42 212.27 01:44

13~14 0 34.78 0 0 0 34.78 00:03

14~15 0 0 0 0 24.35 24.35 00:02

15~16 57.03 9.05 55.53 44,51 17.26 183.38 01:02

16~17 0 0 6.63 30.65 11.53 48.81 00:05

BEFRF (L) 276.21) 310.96] 101.72] 294.05] 172.44 1155.38] 04:40

ABE | RpEE

T -} e * *
yru] | HyhA 4 PEE F G H | J o) (> 2 49)
17~18 35.23] 33.35| 49.34 0.97 5.97 124.86] 00:27
18~19 0 0 0] 2256 0 22.56] 00:02
19~20 32.23]  30.88 0| 30.19 16.55 109.85| 00:23
20~21 0] 20.38 0 12.83 14.78 47.99| 00:05
21~22 11.00 13.73 23.43 6.34 0 54.50] 00:08
22~23 14.13] 36.23 0| 47.23 12.15 109.74| 00:15
ot rT 23~24 65.04| 65.89 60.19 63.55| 62.94 317.61| 0348
24~1 17.47 0 0 0 0 17.47| 00:02
1~2 14.23] 21.21 0 12.83 0 48.27| 00:03
2~3 0 0 0 0 0 0.00
3~4 0 0 0 0 0 0.00
4~5 0 0 0 0 0 0.00

SRR (A) 189.33] 221.67] 132.96] 196.50| 112.39 852.85| 05:13

465.54| 532.63] 234.68| 490.55| 284.83 2008.23| 0953

B 2% @ * visual studio 2017 £z > g F R ¢ BRI B+ hE 23 2T
1ghehprfe > P PFELE 7 120 1 node - 14400 i arc > FfEpFRF 5 3 4 56 45 -

43 HF Res 2 o

AR T ERE T BT AR B wmp .
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LR R

w A R F R AT o] 10 A7oR o R E IR SO e g R IR TR A
/,«ﬁgﬁwﬂzmmﬁg  APEOT A G BE B oy A R 4,363
Adb o &4 7 2,355.77 Ak MR o 4k 53.98% @ B bR E R R vk
R PR L 2,006.69 A 4h 0 B ek = 51.95% o St H 4F SO 4 f
o EREPR R ERE AW AR EL DR REFF S R Fig -
PEL R > ek 1397 > AT H RFGF P ZMB-cnil o R 2 K

e kR EE P P 12% 2 5 R * DT SHRBPH R ARG

IR §F X AL B o

0 bk 1% 0 A 4k

2,120
2,100
e 2,080 53.98% 54.00% &
&= 2,060 E
¥ 2,040 ol
= 2,020 52.00%
= 2,000 ﬁ:
1,980
1,960 50.00%
[EH UM EB RAEMRAERS  REEE
#ERE
e 41 5 () — R AR R A
Bl 1040 b v 2 B | PR 5o
# 134 F Kok 2 i p R ok
- FpEpER | L | BREEFR| AEEER | AR R RE
I ET TR L ! R oy
(&) (%) (%) %)

YT 1% 17:26 48 2,103.34 2,260.66 51.80%
B0 bR 14:15 26 2,096.69 2,267.31 51.95%
¥ E X T4 22:11 49 2,103.56 2,260.44 51.80%

P H AR SR A 09:53 69 2,008.23 2,355.77 53.98%
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R BEHAITF R SBTE R s b ARG T 0 R
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RIEE NS N Wb TR Kk niE 2R

T “%r‘?n:’éi“, MRS T AgEGRTE AR 14 0T o @ RE AR

BiEd § rIRE Vﬁiﬂzxrﬂ‘ =5 ri4eB 11 o o H

Lo A

=t & 56.67%8 5 o

b

FH AR EAEF D A L - R ATIRE R 28 0 A
%ﬁ ‘Lbjgég,lﬂw

5%

SHCRCEEE S S

BREARE X

—— R EE BT AK 51 A
80
70
60
50
40
30
20
10

=
[s}]
L =]
[=}]
\
=]
0

BT AR

R % X VME R RAKRAERE
HE RS

T E AR R B e

Bl L1 f Rk 2 s 4 = ok

% 14 ﬁ%?ai“éiaﬂﬁ%?(;}:‘%ﬁ’{

.o FH AWM | AEFE R VREE By A%
R R .
b por= A= %)
5 48 60 12 20.00%
e 26 60 34 56.67%
e A 49 60 11 18.33%
PR A S B 4o 69 76 7 9.21%
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Flpkx o dmpgiEr? w5 WMS ki M2 FIE @ g it 3 & (¥
LFHE 25 WMS 45 fiA B vidiB PDA #L A H A e g 4E9 154 » &
P WMS ST IR R e g gt R AR s i RATHCSS o B R
PR TEFE A BLA ISR A MR TR ERER
A FEOREPEPEZ R T AL Fa g RS- 21 AE
LR S ESIES W T BELEF SV B ICESPCE. AR B A
P R SRR o R P Tk p T EARSE o R R bR
HERE TV ARPBEFE S DFRT AR TE 5 AR %
(8 BF AFHE 2 ® y RAFNE e 4 o WAL Ew T&mﬁ% g 2§

U B e T 5L 52 &5 AP BHE LR -
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