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Dynamic Zoning Strategies for Dispatching of Couriers

Student: Yu-Ning Peng Advisor: Anthony Fu-Wha Han

Department of Transportation Technology and Management
National Chiao Tung University

Abstract

This research is concerned with the dynamic dispatching of multiple couriers in
a fixed region with uniformly distributed demand point, i.e. K-Dynamic Couriers
Service Problem, K-DCSP. The problem concerned is essentially a dynamic mTSP.
Although abundant literature can be found on dynamic routing and dispatching
problems, little has been discussed on the application of dynamic zoning strategies.
This paper proposed a new dynamic zoning method, and showed its potential in
dealing with the dynamic dispatching of multiple couriers.

The dynamic zoning procedure, we proposed, starts with a dynamic wait. We first
hold the couriers, and wait until M- demand calls-before we start the service. We then
use the k-medoids method to divide the M poeints-into m clusters, and define the
service zone for each courier using Voronoi-graphs. In each service zone, the courier
follows the nearest neighbor heuristic to_service the customers. Such a procedure is
repeated every T, time interval until the end of demand arrivals.

Both the ““single zone” and ““fixed zone’” strategies are also considered in order
to evaluate the performance of the proposed *““dynamic zone strategy. Simulation
models were built and coded in C# to analyze the performance of the three zoning
strategies. Results showed that the dynamic zoning yielded the lowest average travel
distance, and yet the highest average waiting time. On the other hand, the single zone
strategy gives the lowest waiting time, and yet the longest average travel distance. We
found that the dynamic zoning strategy would perform best when the demand density
is low and the allowed waiting time is high. Under such conditions, the dynamic
zoning may yield 20% and 40% savings in the distance traveled as compared to the
fixed zone and single zone scenarios respectively. Finally, the optimal numbers of
dispatchers under different scenarios were discussed.

Keywords: Dynamic Zoning, Dynamic Dispatch, k-medoids,

Dynamic wait, Dynamic mTSP
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FR P T - B(next) P RE 2 19;&?]7» RIFRLR D AfeE P hp iR
Z O W R AR BT P PRGNS B R R A E G T R [8][18]
3. EM4dp 3l & EHyRoute Guidence or Navigation): § i j #f% it » &2
WEREF NGRS LT L EER AR ERAZ R T R
PARBEE R RTeR T H A o
2.14 PR TR
PREREAN G Fla ey A RRRAFAT A G083 S 3 FARR G f§
4 o Lund & A (1996)[12]& 5 #% 11 “® & & (Degree of Dynamic, DOD) » & e1@_
HAcT

5 — d (2.1'1)
(n d + ns)
n, (BEECHD(TFAL LS
n :%g;wm(uww;é)

S

Qg R A § AR 0 P
0=3=1-Larsen * * (2002)[12]7" ¥z fhzty » 2 p & LR 300 5 HI0H i
(Partially Dynamic Traveling Repairment Problem PDTRP):& (7 g~ 47 > » 17 7
feds Bk R T & fE el endg sk o

hitdht LB R MR A RR N bR A SRS T
- FRAKE- T R B E SR ES AR ﬁgmﬁgﬂxz#ai*p'ﬂ'],f— I EEHI R
ﬁﬁ%ﬁﬁ&&iﬁﬁgo

23 # it Rt Ve gt

[

Bave 330 d 8 R AR A2 B i e ep AT Y 0 T T 5T
RN R L LR

2.2.1 #& = (Diversion)

Diversion i % #_Ichoua #(2000)# #73% J1[18] > % #Teng KB > bok &
O PRAR R PR T LRSS A o U ERF B R Tl p ok JRAR - ATREE -
BRES S T 2 TR P ehe g B A R o S R TR
4 27 1 2% (Lateness)siis A& o

222 % # % (Waiting)

Mitrovic-Minic ¥ Laporet(2004)[19 1 #% I 8E i enE v (Waiting Strategy)
PRE P ST ER Y 2B LB f i B R AL (Courier Pickup and
Delivery Problem with Tlme Windows) > #* %92 3 & § 7 £ @ iﬁi o AFiTEpF
R ganE @ EEAMOPELE RENR LEFRARG > PE L FRD B
VR T A A o EH s B PRI T) A B AL A K% o Drive-First (DF)¥ Wait-First



(WF)> fe & F ifend & {vk > T if f cha fe & FPF RS & B PR % > Dynamic Wait
(DW)E5 B i A #frd > Hep @ * DF» He@#* WF> R @5 gmERw
P& LR R R R (TR BF T 'E 5 Advanced Dynamic Wait (ADW)#
i DW A fROEFRE oS FLFRF AR lb-—% SURS e X
4o Branke(2005) 3]~ W E 44 end - 2 4 g § 2 B ALd fei A A
RESFPFELR  SEREFEHELAIMI AR RT R Y*E‘*F’“(slacktlme)
(EE A VA ﬁjo °

2.2.3 £ #rZ = (Reposition)

B F:FPRZZ‘E&F'&?’@F\ 3 ‘3iﬁillﬂizl~m p o "'T}i A g T ’ﬁ 7
R E R KRB Y - AR A PR T ST B RIRE R T
’ﬁééﬁm@p~a RSy PR AL R o it i eha 7R
FARERET - BAE DA L] - SRR PR T 8 £
Z_i*(Reposition) s ik s > @ 2w F B Gy BT o BE I - BTG JIHE o H
Bochie B BRAE ¥ § AJRAMFFIHY BN AT BARE R KRNI TR G
Bho U EEMARE SHE FEPFRE o Larsen ¥ F F[11]F REATRE 0 kL iihix
¥ % ¥ 4~ 5 NEAREST ~ BUSIEST -~ HI-REQ ZRARGEFARFEAE?Y FRE

224 £z 7 &+ (DiversionDuring Reposition)
il @L&(DDR)&U* & B ESCIRGRG R N 0§ B R T E AT R0
: Freng REBEIII S G o vk o 4F T 22[25]81:% DDR i
LI e T»Iiih%" m%\ RoEFerperd W R AP AT REFE TR o

A B e
*M H-

IMmmmnm*% CREBERRNIE Y WAERIA KT AR R E A BT e
T Rl AR F L% o 4 9 5 Center-of-Gravity Longest Wait (LW) Heuristic:
EETF OREE DS Bk ¥ F F o Center-of-Gravity Longest Wait Without Stochastic
Information (LW No) Heuristic: LW 22 F FFRI A K F L AFE B F hF R o
Wait-at-Start (WAS) Heuristic: & & 2 3 = % & 7] & + pF F o
Distribute-Available-Waiting-Time (DW) Heuristic:#-#73 % #Fpr i L o5 L5 B
WE - S RAT SR T R AR

HIRE(19D)[23 ]| F HRE R REREFAADREFTFY > L RIF
qLF‘ 'I&T’K?-@&%&F’%N\’.“"%%F'T&{?&p%/&" Pl G\'ﬂ\’lig =4
FISCPRAFRE T E > BT B E R B Y R BRIk B 2 B
(trade-off) B % o

Bell ¥ % 4 (2005)[2]#f3 422 2 fminid AR A7 7 > 1 & 24 3d4coim § 7%
e tard o AL EFRER &S o st ¥ 17 Look-ahead #0721 * A Y
FARIFRAKRE KA 4 3 F’“/n\forE?Fé“/n\ FoH R R L B2
RN o £ I B VR TR B % 1% Look-ahead 7 sV IER]
TGRSO E L EERER -

I~

%

L
&

pic

f

K



FE K G H D it AP MR AR R K M R AL
Bos i~ g~ RIBTAH - S 2 REs T 2T HE A

BAFERASHELFPERALEFI LA BT AT ERe 500
AR R ALE g N Rz o

24 'g ﬁ%-%ﬂ}fr{;f \‘ﬁ*/z ‘}"'}éF

B Yoehpg N iR VR > = A A ] G B SUE HEA] Tour Construction
B R :x £ 4] Tour Improvement - B A it —Q.i i‘t‘l Tour Improvement £ %% & 7]
Composite/Hybrid = & » 4 %] 4zit 4o [15][26][27][28][291[30]
1.  B&zE 43 (Tour Construction): & J5 e Fa R A 2% 5 AEL 8 & 4 4
WEV TR F e 2 4ok Bk Neighbor Procedure ~ 4% » 2 Insertion
Method ~ § # /# Greedy Algorithm ~ & 74 /* Saving Method -
2. B&:T E (Tour Improvement): &M ¥ X & — WA T 72 ¢ M HFH 2
Bdlee L RS A o K1F L 4F i 540 K-Opt » Or-Opt ~ A-interchange
£ o
3. 5 & Al(Composite/Hybrid): s bk a2 H frit S d & HHRE - & -
EHEA - G oL o B R g RS HE AR f242-0pt, ~ TRAL
12 H A2 45 f#4+2-Opt+3-Opt 1+ CACO . Convex Hull + Cheapest + Insertion
+Large Angle + Or-Opt |~ — #{* ¥ » EGENeralized Insertion/Unstring
and String, GENIUS % -
FIhFTy ZTEF 0¥ 5 angd > jF 0 DA E R R o AR R A Tt
u**#ﬁipiw@*mﬁﬁﬁamW%¢$?@o

25 FHAH 2

FTORAFD DR AT TR S NG A BT Sk aE
W k&P o FiEE R (Clustering) B 47 » ¥R Al A & L BFEEN o bldeT ¥
FEBEE B REFHIF PR A AR P TR F A ML 7o
AFEARMATY S ARG Y I L RARE 0 ¢ BTORER P F a4 F
FFEE o m UFEF OS2 L 97 A 5 T(I6]:
1. Partitioning:
PR R PR Y ERTR A BDIAE 0 e Al A EOE
ol FARTHRAS ST 3 F AR FEL M e b8
B+ Een BRFE 2R R FH G - TARAE g i
Tt F B e iT- A% A ¥ 2 dek-means o
2. Hierarchical:
EEOR A HEE O BTG S SRR 2 S 2R s SRR

10



(agglomerative) = @ T /Lt (bottom up) % 4 §7i (divisive) & ¢ F LT
(top down) °
3. Density-based:
FAR TR LA B R R R - B DA R RS
(nelghborhood) BES- BEER -
4. Grid-Based:
ME AL AR YA F R F (Grid Cel) e+ A #HFHRIFT E 2
(Grid-based clustering algorithms) » H & — B3 p % 7 U E 537 5
T Fa & R R o
5. Model-Based:
B AN PR I AR S RN AR A
/% :statistical approach ~ neural network approach o

FeBb BRE CAEE L BFOLER T EE

Fli AP ARAFEORHELIHEEF
HFRLE 2 AHSEED L RTREAE

BH-FERIT 0 TR e X g e en
L RETL A R
24.1 k-means & ¥

k-means £.4 MacQueen(1967)[20) 74t T ehs /7 & 2 » dg - F A Fon
FFHP - AFEED kB (k<n) k-menas ¢ H-FoHLAFS kK BELE o F
B 2R AGTEEATHE S > A N aBEEF dr 0 7 (similar) > A HE T £ 5 4P
£ |4 F (dissimilar) © k-means i SR H G o o A ELEF S R DR
P [16] ©

object in cluster.
Input: The number clusters k and a database containing n objects.
Output: A set of k clusters that minimizes the squared-error criterion.
Method:

(1) arbitrarily choose k objects as the initial cluster centers;

(2) repeat

on the mean value of the objects in the cluster;
(4) update the cluster means, i.e., calculate the mean value of the object for each
clusters;

(5) until no change;

Algorithm: k-means. The k-means algorithm for partitioning based on the mean value of the

(3) (re) assign each objects to the cluster to which the object is the most similar, based

B 2.1 4 # k-means /¥ & ;# [Anderberg, 1973]
2.4.2  k-medoids & ¥ %

11



d Kaufman £ Rousseeuw[10]#7#& 1! > 4p #* k-menas > k-medoids #7 % %
FIFEPRE > LRE I ZERART FEE N4 0 Y72 k-medoids #iE & &
* fol AlanE AL o B 2.2 % k-medoids A FHiF b2 o

Algorithm: k-medoids. The k-medoids algorithm for partitioning based on the medoids or
central object.

Input: The number clusters k and a database containing n objects.

Output: A set of k clusters that minimizes the sum of the dissimilarities of all objects to their
nearest medoid.

Method:
(1) arbitrarily choose k objects as the initial medoids.
(2) repeat
(3)  assign each remaining object to the cluster with the nearest medoid;
(4) randomly select a nonmedoid object, o

random ?

(5) compute the total cost, S, of swapping o; with o
(6) if S <0 then swap o; with o

random *

to form the new set of k medoids;

random

(7) until no change;

B 2.2 4~ # k-medoids ;& ¥ 72| [Kaufman & Rousseeuw, 1990]

26 /%

=

BERe I EHFRAMNE R IR R P T E Y o TR
s v: > ¢ 3% Reposition ~ Diversion % % » &P + 7§ v¢ 5 Drive First ~ Wait

First ~ Dynamic Wait % & AR * chE F % o p 2 F 5 @8 F vt |
e ’”35”:‘4 FEGFR Y A ERA # R Faﬂ‘-“} VIR R PRI E R
B P Y R AFE T E I S R e 2 G
w’#ﬁ*lkm@ifﬁT’”%Wm“%@%ﬂiﬁﬂﬁ’ﬂiﬁﬁlkﬁ
2k 2T o b A 4 AU S el R it ko

R

I (Em
‘?“
o
E\u\h
>
f.
mfb-

hpas)
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Y% SEREHARENEL A

TR R R SR 5 MR E A R a7 g Rk T
R AFELAL A A A BRR T F R A2 2 e
?%’Lﬁﬁm@m”mﬁ§% B R ERm o AT SYE 3

CRENE AN E I8 Sl

Q:E—:@ﬁﬁﬁ*ﬁ%%

=

D, =#7} 7% f 4% (7 pEdg
D = T 35% (7 jEdg

N=1%7 R

K=+

T=#2i7HEpK

T, = JR7+ 3 RPFEC
T,=#X L LR g
T, =87} PliE F R g
T, = | &b PRAS P Y
Lz@ﬁﬁﬁﬁ@*'%&
7 =T 305 =154 f RAAEE 2

3.1 #V A AR

FER BB} SR b - FRRLTMAEE RS B - Sk K @A e e
ﬁmmﬁ”%’ﬁﬂiﬁﬁﬁﬁﬁﬁﬁﬂ#mﬁﬁﬁnofﬁéﬁ@@Kw¢
YEAE 73 B PR43 R 38(K-Dynamic Couriers Service Problem) » &7 f #7 7 #-f £ &
K-DCSP -
MR T - R SRR
1. » BLRF R4 5 -% 2 2 4L iE4L(Buclidean Distance)
Lzl‘ﬁ T ABAD 5 BRI RN DTS B BB E AR B 2
B BERE T DT ART o

2. - r[#tg EREd - ERAQ LR e

3. F t- NI FEPN AT R FE

32 TG RALHS

BR IR RO LA MEIDI A G A GARZHY 5 - BRI
F- BB AEEAAPIARE o DT T R A2 B &S 4 fe(Poisson
Process) » ® 2 AEE F R3I Z 2 F i @t MEr 32 BE

D: SRR IS (Y

e

f(x)= » x=0,1,2,3,--- (3.2-1)
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RR :xjfﬁf”* A=k 1
?Lg“k///fﬁﬁﬁéiﬁﬁx
,3‘. &5 3 cap ok
EES T N = . S
REE F RIEE - e a‘;uxgu,ﬁ:g\
YRy T - LA e
?r’fi%F = \ |2 A%
2. HEL T
RISl A
K ‘FP /

SRl
Focdfh t F A A JRIFRE ¥ AR

Bl 3.yl sidist T 2 B
e RFFEENEELS T Noc)d o
B A 4 ) Fde™ !
L sgipd #2242 B35 A1 fdglicrpe Rz = LR L A2 2 B/
At > E'J%ﬁ%iﬁ.ﬁé_i%ﬁ“%tiﬁ
to=t_, +At, ie {1.2JaN }, t,;=0 (3.2-2)
2. \EWF B2 2 WAL B HF 'E@F’“—Jﬂﬁ 27 REEXY) 23
AT BRI § [ o
3. R RAAL BT I FOREEEE -
BR R T R OE KBRS A deT
FRFARMEE o ff/PRE RBEDS R FRBRS FIREE T

??"5L+AP?%ﬂw%<fmF$ E DT R ARILDE FRG TG
4@&fﬁ TR E R R CY LN TR S S YONTE 8

EABT NG ER R FEE CE R AR AT PR T RIS
éﬁ%ﬁ(ﬂjm’“”ﬁ**”“*rﬁ ﬁ?&i%%}m& B I R R P
B BRKAE AR “tafﬁl AR RPRFREOPE R & /| 3T N PRIFPEF T L o

PRARPER T T, 8% S8R F R Tl 5 5
< E(T) (3.2-3)

g
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33 #*HE2 ki

HEEBRE hgh §F ZAFR AU RO AR E S A R
PR S KAl THN A PR e R A F KRR TR b
3.3.1 F&EL%
TR AT B 2 SN A WG R TR o T 3SR AR AR R BT 30k (T
B
AR FHERE S AT E AR R Dk TR R 0 B AR AT

D, = i(Di) (33-1)

FAE A A1 TIPSR R Bk (TEEAE S g fh 0 A RACT

— D

D=—L 3.3-2
N ( )

3.3.2 mﬁ*ﬁ

AR

PRIRAIRS, BT TR AL S AR .
Mh@kﬁ—ulimnw@z‘%$ﬂﬁﬁp#ﬂﬂ’**&ff1

N
ZH@
=
=T (3.3-3)
3.3.3 FwriAp
 AEGR R OATIRIA N KRR A K4 fe iR hikdy o F1 5 @I F Aok SR
253 HERFERR 1 TFEYERF PEEM O R T T
FHBEREE
AL GV E A ERR Y A BRCHPE SR RE
FARE L B E g Rt #c(coefficient of variation) » H % B G#kE Sk 1
(normalized) s R & » X U A AR R BEER R o

¥RA e B @ ORI R BB R B et AT

4

L E 4R IR
1

x100% (3.3-4)
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Swd 0t KPR

AT RS SRR AL AT A S A NG - AR B e ring
FBE AL & AR BUp % (Assignment) 0§ - FER| AT a8 53 Rk 2 5
(Dispatching) °

41 Besp R

HRAUERE b N E G B RN AT AT A 2 NEE s R B R T HRT R
i (Dynamic Nearest Neighbor)sh= 3¢ o 855 fl JRIF AR E 7 08 > $ 0 5 104w
T ARG L FROF  ERIER BT E ST - BRI E 0 2 H (AT
ME AR EEE A o

4.2 A T it N

AETRE R TR A E FHEAE B AEA FIE A E R4~ DDR %
+ f87 I ehiB i5 B %t 34 (F1 5 DDR 4p 3t Reposition > W 33k 2k iig ¢ 5
T OREBE W LRIE > g v R R EATE 4 > @ 3w (Diversion) K% &% fEAE
B bk F AR RN Y o bldns @A R & B AP 2 e A Kok o
Rl @& R A FIEORAR R E A & BiEAAIRGE > <A 7 ¥ g4 » DDR &
%) e

T RE Y oA R AN B o TR & AP kT R ERR A
Boens 5o TRIAD GO AT KRR MR P T S kT 4G
FNRAER > LR EGP L > LR RN A AR R
SRS 8

3@
P & W AAIRIFNT KB
0 PR fEh
® ¢ . , _
P O —> B R LPRR R T

Depot 5 ;
S--- DHEARR - PRARR D PR S

P ® | DIEFRR C PRAFR S RS

1 .
® F I RRIBEERFOE S

Bl 41 P AGHET MpH = 7 L RSB E A EELE
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421 A%

F A TE R EE

T3 EGRR LRI E RN OF KB FIRAAR P WAOREE o I W LT B W
& ATl ﬁ‘@? BEPR G %/}Z—ﬁ FRZZ‘)@F’.‘; P AP W mgk'PRjZ‘lf_gé‘?-l's" 4

TP oAb~ H et R W R A AR AR SR A A N v R d
= sE G ERLE -
FRB 4]l E R A TR L ACE 4.2
(D% - @B RPRFFZ 10 7 R2 Dmplix %v: 23 OPRAE o
QB)4)(S) s Eir R IRAr= P m e G Ko B g P W BT 0E KB o
(6)PRA% 32 #7F ehg FBERw Frzk o
(T)% = #7F PRA® L SR o
1 2 3
- o * 0 ?
<> . p
\ ° - °
AN ® N AALIRFENG R
2 0 I MRIFHT K
—> B R PRI PR [T
Se-- DHEARR - RARR D RS
------------ DR PRI R DR T
B 42 7~ ®iER A R
422 # A %&DDR
% & % &DDR { & @
PHARIETHRE FEBRRRBR L SoagE L o P PRIl ATA S SRR
TRAPEIE > i LT P o BT GRE £ BEPR S %;;4,3 FRRIRREE 0 Rw P oo Bh
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Hzb o

kPR 4l B i 7 R 3 4 H&DDR T R WA 4cR 4.3 AT
<10 FR2 MR R - EFER PRI o
VeRF Ao BIY R P W BT REk e
3 FRAR O v B E o BR(P s Hak) o

()% - =@ RAsF &
2)(3) % Fix ﬁF %P A
(4)% B+ B IR %ﬁ?ﬁ%%f

v F bR Y 3 FIRIFGUEE IR > Pl JRIE o

o
GO EATE IR ® > FF F KRBT LIRS -
()= = #75 PRIFPFLR o

[ ]
[e]

DA RALIRIENG Bk

D RPRFENE gk

DB R PRI R AT
DIEFE R - PRIFR A PR T

AR D OPRAR R S T

DRI R B T

B 42 # & %&DDR i#i% f # # @
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423 HZEZALATE

2 A QL E I L

BlA IR R B CERR R FRUOFEF > FIRIBFLD DAL
Pl ao fLPRFZEE P o BT L » £ & PREE > M AP w B EEF
PB4 d i T ko Has

% T R P Ao B 4.4 fToT
(DEFF%R A W PRiE5 1.2 7 £34 03 -
(Q)iEF+ R A B PRF+ 3.4 16 » F F5.6.7 M7 -

Q)+ L FF R LRI FEATE KT o
(6) = = #7T5 PRI o

® Y ABIRIENT KB

0 T AAPRIFENE RE
—> B fEE APRAR R ST
—--- DEARR - PRARE S RRT

------------ DIEARR C RFE R A SR

B 43 BTl FEREH R

424 HzEA%E&DDR
7 7 4 &DDR F fvk L

FEERRE PRI F FEBARAERE . o gt o 2 P W
P ATAE D REE T RAURIE RIEATE N E A R DE vl B RS Y F
FAEE M mﬁvmﬁ EA

R E 41 d i F R F T A ®R&DDR v LR AoB] 4.4 Ao C



(DEF =z "N o PRI Foeng FBk o

Q)+ L@ i R G L 4pFE s B R IR o
Q)L L2 EEFREERHTIRBFNE CEFo

D+ X FERR wEBR Fe? o FRE6 IR -
(S)éiéiﬁ AR e 2 PRI E REL6 o

(8) 7 = #7T 5 PRAZPPFL A o

® N AMIRFFNT Rk
o ¢ AIRIEHT RE
—> B R PRI PR T

—ee- DIEFRR - JRAR R A R T

............ DIEFRR Z PRIFR A R T

H R RBDE S

B 44 FEA F&DDREXE # 6 7 3H

425 #EAS T

R A T RVE P

Fl#s fi A F bk ¢ L ¥ F(Dynamic wait)dng o ST BB R g A duk
ERe %mﬁ%w¢@awmﬁﬁ BEHHE B AP G REEE (A
S RIER LR I IS WO TR Mﬁﬂéﬁ # B kemedoids ~
o L UP m AL é;@ s A PRI T IS () & A Y gk Voronoi [
A0 FEA R C) o & Fedpii- iR RAE Fﬁﬁ&ﬂﬂﬂ» C BIREER o 1Y
FPr ARE AT ELY o A AN RR BT RE FIRDBPETESHT
R P EATREFHLELS F o
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b EEFEFRE T, = % (4.1-1)

A :Poisson process ¥ - T3H AN A4 F R > KuEarfi o My ¥ T
2E A E PN g REbik o

R 4.0 68 F R B A T T L RM Ao 4.5 96

(DFFIEA B RIERERE > 80 5 B s # o

()11 & ALY o ke FRE%?FH °

()75 A A W pRIEEE 12 PF o § KB 56 DI

(EFF+R A BPRIEAL F ) P ﬁ’“ﬁ'm“’h °

OHES SR NS R RS TSy LR

OVEATA T » T ATF SEBRAL TP ® (EP9) A RY CBAr L iE

Fr B chie B ape st B R s )oe
(7)#-E 3% f & 774 fefRizr T B o
(10)5 = #7F PRI®ENELAR o

1 2 }
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4.2.6

EX
”%*Qﬁmﬁ RIAT E

Bl 4.5 &~ ®iE
# i 2~ % & DDR
wg, " F&DDR Ltk p
Jﬁmﬁ&%T’ﬁkﬁﬁWﬁmi
TR L A FhE

Pl B PRIZ 7 Roo

% BB R 4.1 chds i3

(1)#-p 5 & srengh A 3 o

o B

7 dembi6 )

D AR FR N gk
Dt ARIRNT Rg

DB R PR AR PR T
DIEARR - PRARR A BT
DHEFRR COPRARR RS

#

FREBD

7 & B

% &DDR 7T 3,

(e f

(2) 11 > FHEBEP S KP4 PRIE T B o
(B)iFix B ~ W PRF 8 1.2 pF >
(4)iEFF+ R & B PRIEP a0 B 1T engh o
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(6)(T)Ps B 2 3] & T 1 478k -
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o

PR © PRAEFR © g gk A Dt
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o

Bz ATA 4
SEST T3
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" ® A ARFEE Rk

0 0 ®ARJRFFNF KB

—> 2R LRI R T

Sos AR R - PRARR R T

............ DIEARR C RAR R A RS

E I RBERBOE S

\

B 4.6 i~ & DDR 5% B 4 & 7 & B
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BRI %

BAE EEHID T RS T LR EFHEW BREURE D LS HEE
BA 2 il 7 BRR B B > @ E BT R T a0 %R 100
B Afic L4 L R E % ik o
5.1 FE 2 HEEK

T8 SR OHCR SRR e Sl iBGR o MEY IOR S-leR
"L

(1) JRI%§E T 2 PRI R 5 10x10 2 2 chsEa) > (830 R ¢ d o F Y o« ghaak

g o

() TRL7EREE R38R 5 10:00 3] 16:00 - £ 360 4 48 -

(3) T, % 'ﬁwsf%ﬁk D EPRAEEE S 10:00 F] 17:30 0 £ 450 A 4 o

(4) B+ R Ea R P dmd R L 30km/h o F AR R APRIAPER L5 A4 o

LS AL NI IS EESIRLE Sk AN S

B0k SR DT B S8 4 T BRR

() 23 f®A g RFRAYE 1015202530350 3
N Y e

s
253N .

KBRS

. BREE BLECE
T RpRd= L - 5
LR 100 = 2 g /] p& )
(2) FisfHE 1 Adp AR R T MBI - 2 for B -

=
B) #HPERFE M A& s B Ry » Y TioE L, 3 L
BEARAMEEATI RS EHTIEERF » fafay ¢ R BYED
Ao PR FE-K B2 [ B~44 (Trade Off) et &) o F1 5 & A % vk P+ 3
RUE R DR G B o AL T WA R IR T
BT RBEEHFMEX TS SHRGP X FHMERTZ 3FPLR
FILEME ] AR g o
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& W C BREEHLAT AV
gl Y R P 5
% Cl TR R R PR S E LB AV (83 2 B R)

%R 10 15 20 25 30 35
S5
S |ED) |o, | 3.7 [024] 235 0.13| 1.7 |0.11 | 1.37 [0.07 | 1.16 | 0.06 | 1.01 | 0.05
F | ED) | o, |3.21*|021| 222 [0.11 | 1.63 |0.08 | 1.31 | 0.06 | 1.11 |0.05|0.97 | 0.04
LEF A -13.2% -5.5% -4.1% -4.4% -4.3% -4.0%
DZ3 | E(D) | o, |2.66*|0.17|2.03* | 0.12 | 1.55 [ 0.08 | 1.26 | 0.07 | 1.09 | 0.05 | 0.96 | 0.04
LBF A -28.1% -13.6% -8.8% -8.0% -6.0% -5.0%
DZ5 | E(D) | o, | 2.3* [0.16 | 1.88* | 0.11 | 1.48* | 0.08 | 1.22* | 0.06 | 1.06* | 0.05 | 0.93 | 0.05
LBF A -37.8% -20.0% -12.9% -10.9% -8.6% -7.9%
2C2 A PELTHOIFEAEREFELI A (EI L FIR)
%R 10 15 20 25 30 35
N
S | E(W) | o, | 2345 |32 4635 | 4.8 77.62 | 6.0 | 114.5]6.2 | 150.6 | 6.2 | 189.6 | 7.1
F | E(W) | o, | 2463 [3.1| 4696 |53 79.13 |5.5|1153 |63 |152.3|6.1 [ 190.7 | 6.1
LB A0 5.0% 1.3% 1.9% 0.7% 1.1% 0.6%
DZ3 | E(W) | o, | 35.88% | 2.6 | 51.64 55 8366 | 6.2|119.8 |6.8|1583|7.5(197.4]8.5
LB F A 53.0% 11.4% 7.8% 4.7% 5.0% 4.1%
DZ5 | E(W) | o, | 51.6% |4.2|59.14*% | 48| 88.27* 5.7 |123.5]|6.5|161.4 [8.1(199.1|7.5
LR P A 120.0% 27.6% 13.7% 7.9% 7.1% 5.0%
£ C3 A9 F RIAETHEEEE LR T A (7 A F 1 R)
i 10 15 20 25 30 35
[SE
S | E(T) | o, [396.6| 12 |444.8 |13 |509.9 | 11 | 584.7 | 11 | 662.1 | 11 |740.7 | 11
F | E(T) | o, |393.9| 12 |439.1 | 10 | 503.5| 10 | 577 | 10| 655.1 | 8 [733.5| 8
ZEFE AN | -0.7% -1.3% -1.2% -1.3% -1.1% -1.0%
DZ3 | E(T) | o, |401.1 | 11 |439.1 | 12 [506.6 | 10 | 581.6 | 10 | 660.55 | 9 [739.3| 9
LB A 1.1% -1.3% -0.6% -0.5% -0.2% -0.2%
DZ5 | E(T) | o, |411.6 | 11 | 4443 | 12 [ 510.8 | 10 | 584.6 | 10 | 663.62 | 10 | 740.8 | 9
LR P A 3.8% -0.1% 0.2% 0.0% 0.2% 0.0%
2 CA ¥RARHBREEELIRFT A (ETAFTIR)
%R 10 15 20 25 30 35
g
S | E(L) | o, | .032 | .03 | 026 02| 018 | .02 | 019 | .02 | 014 | .01 | 015 | .01
F | EL) | o, | .103 | .07 | 081 |.06| .072 | .05 | .068 | .05 | .062 | .04 | 058 | .04
LZEF A | 221.9% 211.5% 300.0% 257.9% 342.9% 286.7%
DZ3 | B(L) | 5, | 053 | .04 | .05 |.04| .066 | .05 | .083 |.05|.087 | .06 | .085 | .06
LB A 65.6% 92.3% 266.7% 336.8% 521.4% 466.7%
DZ5| E(L) | o, | 062 | .04 | .058 | .04 | .058 | .04 | .082 | .06 |.084 | .06 | .085 | .06
LRF A 113.7% 79.0% 223.1% 254.2% 484.4% 423.0%
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FCSMELAPRIREANBESSLAB A (E2 A F VR

%R 10 15 20 25 30 35
g
S | E(6W) | o,y | 18.03 |4 |42.6|46(70.74|7.3|103.1|9-1|1298| 82 | 1594 9.3
F | E(6W) | o,y [20.72 45434 |76|73.14|79| 103 |9:6|130.8| 86 |160.2 | 89
LRF A 14.9% 1.9% 3.4% -0.1% 0.7% 0.5%
DZ3 | E(cW) | o, |2744 (3.7 (43268 | 75.6 |74 |103.2[9.6 [ 134.8 | 9.6 | 163.6 | 11.2
LR P A 52.2% 1.4% 2.6% 0.0% 3.8% 2.6%
DZ5 | E(cW) | o, | 414 | 64482 |6.7| 744 | 7.1 |104.6 | 8.7 | 1349 [10.2 | 163.2 | 10.6
LRF A 129.7% 13.1% 5.2% 1.5% 3.9% 2.4%
= i R
4 C6 T35 PR LR AIERERESFE LR T AV (B3 L2 FIVR)
%R 10 15 20 25 30 35
(S5
S |ED) | o, | 453 | 04| 362 [02] 252 |01 ] 188 |01 | 153 |01] 12 | 0.1
F | ED) | o, [323%]02|279%({02| 225 |01 177 |01] 144 |01] 122 0.1
ZEF A | -287% -22.9% -10.7% -5.9% -5.9% -5.4%
DZ3 | E(D) | o, |2.53*| 0.2 [2.28* | 0.1 [2.03*| 0.1 | 1.64*| 0.1 | 1.36 [ 0.1 | 1.16 | 0.1
LRF A | -442% -37.0% -194% -12.8% -11.1% -10.1%
DZ5 | E(D) | o, |224*|0.2 | 1.95% 1 0.1 {:77%[ 0.4 | 1.51* | 0.1 [ 1.27* | 0.1 | L.11* | 0.1
ZRFE AN | -50.6% -46.1% -29.8% -19.7% -17.0% -14.0%
2CT A METOEARTHRESF S LR T A (E 7 AR R)
%R 10 15 20 25 30 35
W
S | E(W) | oy | 1244 | 1.3] 18.68 |19 28.86 |3.2| 45.69 |43 | 66.15 |S.1| 875 |53
F | E(W) | oy | 13.16 [ 1.9 1988 | 2.6 | 3096 |3.7| 474 |43] 6756 | 45| 89.92 | 4.8
LRp e 5.8% 6.4% 7.3% 3.7% 2.1% 2.8%
DZ3 | E(W) | o, | 36.89 |3.1|32.41*% |22 (35.73*|2.8| 51.18 [4.5| 72.86 52| 95.7 |53
LRF A 196.5% 73.5% 23.8% 12.0% 10.1% 9.4%
DZ5 | E(W) | o, | 57.21% | 5.7 | 48.26* | 3.1 | 46.76* | 2.5 | 57.65% | 4.5 | 77.54* | 5.1 | 99.85% | 5.6
LBF A 359.9% 158.4% 62.0% 26.2% 17.2% 14.1%
£ C8 A RIAETHRESELET A (E 7 A F I R)
% B 10 15 20 25 30 35
i v
S | E(T) | o, |377.4|73(389.7| 9 |4103|10.3 |4443 |12.6 | 488.5|10.6 | 534.3 | 10.1
F | E(T) | o, |3763|55|386.7|7.6|406.7|102|439.6| 9.1 |481.1 | 8.6 |527.7| 7.6
LBF A -0.3% -0.8% -0.9% -1.1% -1.5% -1.2%
DZ3 | E(T) | o, |388.7|6.1[393.9|6.9|408.2| 84 |440.1|10.2 (4839 8.6 |530.9| 6.3
LRF A 4.5% 1.1% -0.5% -0.9% -0.9% -0.6%
DZ5 | E(T) | o, |393.4[9.7| 404 |74 |4145| 85 |443.2| 10 |486.6| 8.8 |533.6| 7.3
LEF A 4.7% 3.7% 1.0% -0.3% -0.4% -0.1%
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£CO ¥RARNERLESZLEFA I (E7 AT UR)

%R 10 15 20 25 30 35
g
S | EL) | o, | .064 |.04| 047 |.02| 034 |.02 | 033 |.02| 028 | .02 | 025 |.02
F | EL) | o, | 176 |.09| 135 | .07 | .111 | .06 | 103 | .05 | .096 | .05 | .084 | .05
LBF A 175.0% 187.2% 226.5% 212.1% 242.9% 230.0%
DZ3 | E(L) | o, | .103 |.06| 065 |.04|.052 .03 ].061 |.03] .09 | .04 | .1 |.05
LEF A 60.9% 38.3% 52.9% 84.8% 221.4% 300.0%
DZ5 | E(L) | o, | .123 |.06| .07 |.04 | .053 |.02|.059 |.03|.074 | .04 | .09 |.05
LB F A 92.2% 48.9% 55.9% 78.8% 164.3% 260.0%
ZCIOMEES PP REL RS ELR T AV (B2 A FIR)
%R 10 15 20 25 30 35
g
S | E(6W) | oy | 7.57 | 1.3]13.98 [2.7|26.09 |43 [43.19| 63 | 63.46| 6.6 |81.79 | 7.6
F | E(6W) | 6 | 10.63 | 2.6 | 17.66 |43 |29.82 |59 |4632| 6.8 | 65.06| 7 |8551| 7.3
LEF A 40.4% 26.3% 14.3% 7.2% 2.5% 4.5%
DZ3 | E(cW) | o, [30.19 45| 26 [3.2]28.19(3.4| 44.1 | 5.7 | 6582 6.5 |86.15| 7
LB | A 298.8% 86.0% 8.0% 2.1% 3.7% 5.3%
DZ5 | E(cW) | o, |46.67 | 6.5 |39.5943'5°1"37:5, | 3.4 | 48.43 | 53 | 67.45| 59 |87.16 | 7.7
LB | A 516.5% 183.2% 43 7% 12.1% 6.3% 6.6%
z = R-yEiE TR
# Cll T35 pfpt s TIERHIRE F B ARG AV (B2 AT R)
%R 10 15 20 25 30 35
W
S |ED) | o, | 434 | 04| 431 [031357 02| 269 [0.1| 207 [01| 1.68 |O0.1
F | ED) | o, | 2.87% [ 02| 2.64* | 0.1 | 24% | 0.1 | 2.11* | 0.1 | 1.78% |0.1 | 15 |O0.1
LEF A -33.9% -38.7% -32.8% -21.6% -14.0% -10.7%
DZ3 | E(D) | o, | 2.48*% [ 02| 221* 0.1 | 2.1* [ 0.1 | 1.97* | 0.1 | 1.72* | 0.1 | 1.46* | 0.1
LEF A -42.9% -48.7% -41.2% -26.8% -16.9% -13.1%
DZ5 | E(D) | o, | 2.22% [ 02| 1.92*% [0.1 | 1.7% [ 0.1 | 1.67* | 0.1 | 1.52* | 0.1 | 1.33* | 0.1
LER A -48.8% -55.5% -50.7% -37.9% -26.6% -20.8%
2CI12 AR TS AT HMES T LB A (B3 AT R)
%R 10 15 20 25 30 35
g
S |EW) |oy | 903 | 1 | 122 |1.2] 16.02 |1.2] 2196 |2.1] 3141 |32 43 |3.6
F | E(W)|oy | 876 |1.2| 1154 | 1.6 | 1552 | 1.9| 2202 |2.6 | 3135 |34 | 437 |39
LR A -3.0% -5.4% -3.1% 0.3% -0.2% 1.6%
DZ3 | E(W) | o, | 40.76* | 3.8 | 34.96% | 2 [30.95% (1.7 | 31.3* | 1.9 | 37.62* | 2.8 | 50.17 | 3.8
LRF A 351.4% 186.6% 93.2% 42.5% 19.8% 16.7%
DZ5 | E(W) | o, | 62.73% [ 5.7 | 53.7% | 4.4 | 47.52% | 2.6 | 44.62% | 2 | 46.2* | 3 |55.67* | 4.2
LRF A 594.7% 340.2% 196.6% 103.2% 47.1% 29.5%
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£2C13 2393 RBFREREFELEFT AV (EI L FWR)

% B 10 15 20 25 30 35
(S5
S | E(M | o, |372.7|48[377.7|63|3855|7.8/397.8 89| 417.8 |9.5| 444 | 9.3
F | E(T) | o, | 371.1 333747 |43 (3855573909 |7.6| 4082 |7.7|4328| 7.4
AR A | -04% -0.8% 0.0% -1.8% -2.3% -2.5%
DZ3 | E(T) | o, |384.4[7.2| 392 |6.2(391.6(6.6[400.6| 7 | 412.6 | 8.4 4403 | 6.5
LEF A 3.1% 5.0% 1.6% 0.7% -1.2% -0.8%
DZ5 | E(T) | o, [398.3|9.8[401.2|7.5/4004 |69 |411.8|6.7| 4172 [9.2[441.9| 8
LEF A 6.9% 9.4% 3.9% 3.5% -0.2% -0.5%
2C1H4 ¥RrfmE e L2 A1 (273 4 FWR)
%A 10 15 20 25 30 35
S5
S | EL) | o, | 097 |.04] 07 |.03] 052 |.02| 042 [.02| 033 |[.02| .035 | .02
F | EL) | o, | .199 |.08| 171 |.07| .143 |.06 | .13 |.06 | .116 |.05| .106 | .05
LR A | 105.2% 144.3% 175.0% 209.5% 251.5% 202.9%
DZ3 | E(L) | o, | .158 |.07| .11 |.04| .074 | .03 | .064 | .03 | .058 |.03| .064 | .03
LB F A 62.9% 57.1% 42.3% 52.4% 75.8% 82.9%
DZ5 | E(L) | o, | 215 |.08| .123 |.0541.0814,.03 | .071 |.03 | .059 [.03| .069 | .03
ZEF A | 121.6% 75.4% 55.8% 69.0% 78.8% 97.1%
ZFCISHEFFEREFINRERE AT F A (87 A %R
%A 10 15 20 25 30 35
S5
S | E(6W) | oy [ 528 (07| 756 | "4 11.43 { 1.7 | 18.89 | 3.1 | 29.78 | 4.6 | 42.07 | 4.8
F | E(6W) | o, | 646 |1.6| 956 [22714.06 |27 | 21.3 | 4 |31.58|5.6|43.27]| 6.1
LBF A 22.3% 26.5% 23.0% 12.8% 6.0% 2.9%
DZ3 | E(cW) | o, |32.3 [4.5]28.54 (3.1 2491 |2.9[23.86|22|29.81 | 3 |42.83 |49
LBF A 511.7% | 277.5% 117.9% 26.3% 0.1% 1.8%
DZ5 | E(cW) | o, | 47253 |44.12 |53 [39.85|4.2|36.37 |3.2|37.14 | 3.7 45.99 | 4.4
LRF e 793.8% | 483.6% 248.6% 92.5% 24.7% 9.3%

58




