(A ESHE - HHE N182) 190655125 BRI

XEROTFHE - FE

HEEBE LY FT— ) RAER'

Forecasting and Control of Dynamic Transportation Network Flows

RN

[@**

By Takashi AKAMATSU

1. FLBHIZ

BEEERL L THARBORMEORRIY, 5%,
BT TRBZEOTELRVEERETHD. EE,
ZORE~ORERLELT, DREZEFLHELD
REHET, DEOAVTY Vv M/ RERS

ftrudes FREDLATNS,

FhbnTados bCHBLLEOTWAREY
AT MidtEe THHN, EXRMHIZE, TEO “MiE
{e», »&efkr, “BEMEET” %, BERHL
FlxiX, BA®
VERTIS Ti, BEVRATALE LTUTD 23 VRXF

FTABIENWATAETHS.

LEBELTWA[84]:

DEEESHE, 2ERRBEESR - £, HKEE
BIER, HFrS—var/BHNERFNE S5K@E
MHA - By, OBMEEBRA, NEHBETH;
JNEMETER, HEETSRT 4 7 R, 10)FH;
INEBEL&INE, 2)FEERETTH, 13)2—
R+ 7SS0 7 1)ERLZLER - £98, 151
UF UL SEHER, 1)ELFHRLEHE, 17805
EEHER, IHEADEREY, 19EEXIE, 205/
BRI, 207 F ST 4T - IN—Xarbo—
N, 2ERERET, 23)FAER COBHEE.

FRTEETHOR, BFERBCLOIREROM
BLEERANELE D)BEIRITHS. Zh

A

* Keywords: $iE9EESY,* v b U — 7 5@ H, ITS, LR FER

» E2E T BREMHFEREHEE BFRIER

(F44] BF TR EETE % E 1-1, http://www.rome.tutkie.tut.ac.jp,

E-mail:akamatsu@tutkie.tut.ac.jp, Fax. 0532-47-5301)

b, FROE - BEBRBRODIELVERIZLY,
N— PO 7 ERE»DIRTLERTERLOTH
3. LaL, zhbil, #@ORYZ T EROE
BBRRTNE, FRRERBORRIERETHY,
REFROABICICELSZ L2 HHFTHOIIEL .
T, FOY T MU THE, KL, TAHODVAT A
Lo TXBRARLEZERT 2 L DORROEE
REDOXIRbOROELSN? ¥, Thbid,
BELDLSBRRAKEHZOES I NT

DL REMIEEERMEEELD T LIEER
ATIRELVE, BoMNRRELRDIERHFE
NAHL0L LT 2REBERY P EOER
EHITFBLERTES.

AREHL, TOBNLRERY NI—ESERO
BREBRNL, FE2EEr0BEBLT, 5%0
HERZETOILOTHS. L, BHLRZER
v hU— 7 BSERIE, BRTIR, TEOSLTY
T MeRBRBICERL TELSREZE LD TR,
LA, BREOHRHZEERy PU—JEROSBRO
BAREEL LTRBLTELbOL VRS, 22
T, ARTIE, 7, BOLKERY P2 BEY
HHRZ EROKEDOA VTV Vv M oBFRe
ZOMEREIODEZENLHBDD. TOLD
REENS, BROMEBMTERBTDIZLS, K
BMOE—DOHWTHD (F2¥E) .

$ﬁ®%‘@ﬁ%&‘&%&ﬁﬁ*ybv—aﬁ
LY DOIRIKE TD state of the art & EFRHIC
Té_krké(%3-4ﬁ).:®ﬁﬁmﬁm



AEOICHENER LAD THLELEENERL, ®

FUY U ISOERELEIZBOTHRIANEREINS.

-, BATHRAKHALLLRoTWVWEZ L
LESTRVWILABHRBLTBSILRIFERT
HBLEZD. L, FRIX, TOSFOWED
BB/ FIZEETO bOTRRY (FOBMIZE, #
26112 BR) . L3, SHOBEER - KA
DEBMLERALEZLNDEFVORIIBERDY,
EEZEOETOHI[2,3,52,53]2 X~ AT L-BH
HBRNELEEZTILOTHS.

EZOBRMIL, HEEROBHLZERY PU—JE
HORMELE L) —BIL LEFLEREEET V2R
BTBZTHD (B5HE) . FAEETTTHER
32Xy VU BEOERRERR HE0LE2ER
LEEFATHS. —F, ZhEilsic, B
OHEBZRBIRIZ LB 2T 0 — « NI — &R
BRI SN L —EOHERERN L HFET
5. BETIHE, “hbD2o0HEOTHKIEZESN
A/ — BT ik Y, “BEEER OB
FIREHERES” 2HBEL, TOEABELERY
BT 5.

BHEOHNIL, BHRRERXy PV —JEBROS
BOMERZETRTILETHS (F6E) . Thbd
b, EE5EETTTRALNIEROERESHICE
Wit £, BiTOMMEL BTNV TRA+S2R%
FRL T ZDDSEOEEFRRELFIEL,
ZTORBROTEEERINTS.

2. ZFHEROTA - Hlf L
FxybI—4H -oO—+-ETI

2.1 BB ATLALEEROABEL

EEsk, BEREORERNEOKTEEREEHE
MICREETAVAT LAERPEFESH, TOKEE
RE-FTTIERBBRVRUBERTITHASS.
LiL, RiCks%lx ORERAEOHERNREOE
FRENZ L LEEE, TOVATAERYIX
v b — 7 &K CORBERMIEIIOTHS I 0 ?

HERFE LT, HIRE (or BEXM) BHD
BATEELTREY, TORKEZTETANORK

FER D L0 EEN, bARAERICEME
NEBEEEZELS. bLEOXNRFIEELANE
OHBER K- BR, EIRBEAIN?
TORERIT, BTk y FU— s/ ER
FREOHKRFMG LEERAER ODNY -5
OBEAZEDONT VAR LB D FIZIIERD LN
2V, LML, OEO0BIVESRS—RLLT,
HRRBRCHAENERL, FERELBYTH
LEFIBEIL, »RoCREINBREED X HLE
EREZLND. HBWIE, HEEERAAERAL
RBIOFAEHEB PN ADHERRRIIEENIKMEZ
BB LAEVEER, FELTELZAOLEDIEFENAD
DEVBHEEZHED LW EERELSTREIXED
RV, ZOBRE, EEREEFALCAORER
MIRICEL o TWiz & LTH, BOELRER
DMz EoTky NV —sRREREORERIT
BT AENERLB. o%Y, HRBHFENE
RBEHOBNEL TR, Xy bU—2 « V2T
LARETHB L, FHREHI AT LAREENFHE
BRI LPoENI Z RSB IVES.

2.2 BMERy I~ 00—+ VAT L
DFHERBOLEE

Tk k5 R, Ri@Xy hT— TR
BEILLS “HNERRENRPEETILDECAE
L3, §8i%, ZOZTFOLOTEEELED S
WH L&, BENENRELBL ST OFER
B, LhL, TORRESEEBDRLID G, &
Bz L BFEM G2 O TIREOHMIZ X ZAHTE
EHROFBRRETNIE, Xy bU—2 - VAT A
SRTOPRE/BREBERLZ>TTFRBE. Zh
i, WROZ L THDIHN, DBIFRY AT L OB -
ERAELTEELRTERBRVWATHB.

HsT, XBEERIRAT A~DERZEYER
THEDRE, REXY PYV—2 - Tn—
ATCELZNBTREDREER L LT, MR
FE (B 2TOFEERELRTRERL RV
Bz, BERRZDY TAF A ADOIERBHEITD
BRICHY, VAT AR L - TRESNBHFERE L LI,
HRERD ML L4 DXy VT —F « Ta— . RF

VAT



—VDOFRETIZEHBLETHS. EbiTiE, £
NELLEZEZLY (B2WE, RETHLVRAT A
BRVWEELYLRIFR) 7u— - RE—VEER
THEHOFHE-FAFEEZ X RTER 2.

2.3 BMLRy bI—9 - 70~ VRATFA
DEFUREREEZDETIVY

) PRATLOMEEREYT - VAT L

Xy hU—7 - 7n— - RF¥—LOBLHL2 DT
R 5 VIEHEZT 5 20, “BIARxy b —
AT R DEFANRBEITORITA
HRbRW. 20D, £¥7, TOVXT AR
BENDIEROESR, BMREROBE - BHF - R
DREA, TLTEBERBORRORESBETHS.

BREHE AT 2 EELHOLXY bU—2 - 7
O—« YRTAEBRTLIERERL, £F (+F
RE) , BEREKH, RER, GSHEEE, ERR
E/REME, FHEVyF—K42THDL. Zhbo
FERIZ, 7a— - OTH-HEOCBEHD
T=DIZiX, A FD 32D T « Y AF A

77—

a) ¥y PU—7RET AT A
b) FlIAEITEIS AT A

i) BERIRETTNV, i) HEEIBREFV
o) Bt /HEEL F— . L RXF A

i) EEAEEET, i) BE0REETL

KEESHICENLELTEZD bhoRT v, Th
LOYVT - VAT ABOHEEBGROEKERIEDT, #H
=i, LD SERBTHZ LN TES.

DRy hT—IRESXF AL, Ry hT—2
EOBEBRY - REAE (V7 -/ —F) TO
HREOEH (Tu—) SORBHLRELSLERE
TBHELOTHS.

Lrl, THhEZTTERy b —7 £&TOREE
Tz —BNRETE 2V, £EFRER, FHor
KABOLYORBEERFRATANEYSTAT A D)
HBWVIE ) ILL>TRETHILENRDHD. HH%E
BELR2WFRIET NV THNE, FAEORENE
BRE (BEZER) fT8#E2 VTV RT A by TREAT

5. ¥, bLETOERZERENICHBACES X
SIRAERETIRE, Xy NI FHREOR
BEREPF I VAT AL TREATAELER
2. UTT, chooRBREEEL “BAHFRA
CEER. 2B, Bl TRRENRTWRWVWS, 7
AT A DT, BEBRET TR, HEEIR
RLEENS. ChICE > TEBEACBITAREE
BREENIS.

YT VRT A, —BHICE, 2BEEOHEE
BExHALT s, $hbb, 5 - 77HHOL
D REES M L F IR - BRHER - HeER
D XS 2EENEA (FE) Thi.

HEEA Vil
. bR el
ﬁﬂi& o H— BIHEH

model \

FH
wan || "2
L
BED BED | | geimmp
ZERRE Ef@ﬁL
fREREES Network #FRED |
/. ramp’ HHBORE | €= | EREIR
model - model L model
£ )
Networkifi FRED
- EEAE s

X1 8RR ERY hY—2 - 70— YRTF A

(2) WREE/HTVRAFLDETILERR

TROBBRER VT VRT AOBE - #11E - K
BOET Y UL NV -2 a b BH0E
5. Bz, BbLIZ o kRBETIEFTALTRR
Fy P —J LORERBLUCEOEHEZTOEE
RETHIZ Lichs, —F, L= ruiREAOE
FATE, REBXBLO7a—BE, 7r—RA
£, REHERSEDO L) REREE L2 REEEK
LLT, 20EEMOBRELERTIETNEBE
T5.

¥, ZOXSREFNME, ThEEENICER
T5 “BE/EALT OENE ST, HEHY



2lb—valy - TBFUVELEAR (BR) TT VKRG
T&B. MIEDOT70—F T, HIREGRESR
EFNCERICEBRALZ LR TE, EfoIsm
REEPLIZURRBEZAVELOE THRARHE
BOETTABPERCBEEIRLTWS (FxiE
[43,57,83]) . ¥ OKE, TFADO—FALEELE
BIBZERVRTAREERS (B4EBR) 00X
DRHEEETFTNAOHEEITI LIIRETHDS. —
F. #EOCKBEERTINATIE, BERER, Xy U
— 7 REZPOVI/RRERT D, HMA/
REMEEMBRAZIZL WS, TORE, TFAD—
BB BANCREBT S LRTETHS.
FROEI~S5ETHERTIETNEIBLL (K&
BHR) OFATTHS.

() TR - SN REMORETORXH

YT AT b b)) OFBEORRBRITEIL, &
FAERFo TSRy PU—2RAICETS “F
BEECEEL TV, £, BREREH DHE,
ZRIC L DFIREOEBEEDELB I VEORKR
LLTOITBETRTEEFTABSLETHS. &6
i, REtSh2EROEERES SV TORYICD
EREEHBROL I, HHIRTFTALFIAEOR
EERLERELZTLIRORVWES S,

ZOX5RRREERT SDICE, —BORERN
BN (time-of-day dynamics) %34 (Le By # %
D7u—%RETH)HWET AT TR, BL
O BEB S (day-to-day dynamics) BER T2 EF
MbRBELERD. 7L, Z O day-to-day dynamics
KHETHEERIBRDTHEETH Y, RENICHR
i, AR THFERIMETHS. #-TC, U
P& D E TiX, time-of-day dynamics D H % RO R
L35,

2.4 Btk y FO—HBEASBROMGEMST

0) BMTERSBEBRNADANA-TZLE8E

‘B RSERTEV ) EROE LRTHER,
BRI, RBELEEO CEERELONS. I 2
Tid, “REOCHMESER" L IX, $O2ESBER

SEFMNODBRBRERETELNIBN XY b
J—7 - 70— EFNCETIERTHDILES
LTHL. Zhix, mCExE, 2380”1
Bl 5HHEREARHIIZEATHRVNET IV
BT A2BRTHL. ZOBBOET VL, BE,

EBETNOBEE L >TWS. £, FEDOER
EALOBBRTELE, Z0RBOBMELSERIL,
BIE, HOBREO—RH - BRELHXERNE
bRTW3 (H2WEBELNDD22HD) bDT
HDH. ABMOE3I~SETTREANDIBRET NI,

TORBEOHHNESBRTTINTHS.

—X, “REOBNMESER"L, 238 TR
VAT AREEIN—THELOTHDEERELT
BZH. 2EL, BRIZE, EEF0L 2ERIT
FEET, L5, SHOFAKETTEREVA
BV, FlAE, 2380 Q) THRASBEHE - HEE
BLFAFETHOREFRASIETOMER, BE
KWIREETH DR, BRTHE, —B0eERLER
DHORFELARV. £k, EEOPMNESERIC
BIBETNTIE, REODHRELSEROBE LT
BRYy, YIal—vay - - =FALLEEBRON
ATV Y R EATDEIBREEOLD LRI
L. b L, ZOEREQCERMERTHE, £
BORBOA VT YV M7y =y VER
ERCHELEERHERL 22 THAS.

EC, REOAT Y=z MEDOY 7 FATO
EWLRBERHDVET S u—Fi, BNESE
BROMIZbAERARLOBBLOND. LT T, &
B/ALEODHELOBREBICHELBARED S
EEZDNBINLONDOT FTu—F LoBEZEERE
BLtsL.

() RN/ BERRWT7 T0—FLORRK

REOHNESERICBT AESEAE, (Zh
ERBMETANEH2THES) B THHML - 28
fLanizbotRoTd (H4ESR) . Zhid
“BATBHOERLRBE2TORITNWEETVEE
DEHRBEN LT YTHROIS b, L
HLUERER SN A TH .

Lal, ZOMEIZ, vAF 5L LTOEROE



B/HBIEE PR M BROBRBIIEE 2B
NOENTH Y, MOSBETHEULZRENR L
na3. FEE, BMOoLELERATIEDOT S
—FEEITHI) . WOBRERTHLE2 O
BHRIZSOVWT, WS bABRZMC ML BELR
RTh, ZREFFTRYRAT AL LTOROEREE
REMEREREMTERN, 220, BEARSAE
BT, 7, Ax ORI OWTIZEMEL
EBEFAVEEL, ThIZESWERy hU—
VAT AOBMERBEEZMIT LTS, £LT,
FOE3RT7TIa—Fi%, BE, »2DORIER
EHDTWDBEWVWABTEASS. $i, BRIctoKEE
FLBRAEOMEIILEL BRoHbDOTHoTh,
HEEOEFARTERCHALSEYT5 2 L
BbohriE, MOEBRELLNS.

Thik, BMARERY V-7 BOERTY,
S ABTHTREDLEZOND. ETHARE
RETNED L, WXy PU—27 - T0— "
VAT ARARHREERERALMZT IS
BEETHD. VAT LE LTOEERBRTE RV
REIZHY2EL, WETORFAFFTEET LR
BHHCLABOLEREARR 74y FPERTHE
RERELTIBEBERTHAS. £, HAlifbiz X
BETNV, RICFHAETBHEORH L ITREELT
Wizl LThH,H\BETFVELTEDTH 3 THEN
BERINTWS.

LRO#ERL THRORMROFERAEREEL T
50T, HBLETH, BMNREIBEREED
BN/ A7y BT 2EECHD. AEOBHOE
SERORKAEILE XN, THRODERY
BATHHILRRERLRY. #-%, 5% OHBHN
ESBERIETE, STHMLINEERET I
FBRZRY PT—2 - Tu— - VAT ADEEIRE
WERAL, RKIZ, BERET/VOERELZNICRISEL
TV AT LA EEEIE T LWV T a—
FREONDBENELEZLD.

(2) Y3al—2avH7r/o—FLDBR

UBOETREND L5, REOHMESER
i, BT, ZRBOA T I V= MRV

7 FETEOEFFATETHD LIIEVEN. Y
mit, EEROLBEBECR LT, YIalb—-vay
W7 7o—FORNETNVEOHFBCRENL2R
WREEBRD LWL RBESLS.

FOEIREB/IIT, YIalb—Yary - ETFN
LOMENDLERXDEREOHMELER (ETN)
DEE/BE, T, EFLERORESHI -
BT, TOBEKIHY -BELCT IS Th
. Zhix, YIalb—vary . BFNOARE
RREDBRLTHE. YIav—vary -5
NEREICESGESR LD LTI, RSO
REXA—B S HE/ N—NEEFAELDERY,
EFNVAERE LM, FORERRERICR -
T DORETHD. £z, Wb overfitting
RRBIZR2Y, EFAMERBLRL - ZREATOF
BCBESMCHATERVE W I HERIZLIGEY
BTV, ZhEHLT, FENREHFOHR K-
FHAREE - BAlOATHELZ2RAL, XEY
REROFREEX0RHHNESERTHS.

Tk, “FTRFEy LT 22— & iClS
B4 2 FRIFERICH T BEEXLI P ORFH 2B
MELRYS5B5ZE bHMESBROBEE 2 &E
ThBS. TOZLiX, YIav—varHA®
BEoOBRETNVOMAMBHLRIAEEZERL TV S.
YIialb—var TR, NTA-FIRELLDIME
BOEVR, BRoLEFAMTORBEREL L,
EFAFAED "PORREEFELELVOND
NHERVT LWHIRENBLIELIEELS. BIMES
BRIL TOX)RRBCHTEI—RED "~NoFe
—7 (BEX) "LLTOREERETESS. #
A, BABRTRAONAEEBRET N TORS
FAN, REACHE, LTLLREOHBOL DI VX
FRICEEA VWO O T2V, LL, &F
OEBHLHHEIRRLAE Y Iab—Vay -5
MIEBTFRRRCIHT IR VFe—r L2053
LW ERTERNNOEETHD.

S, “BEETNDEEI A MEFEETS
Z & VMBS ERORETHAI. v Ia—
vayv .- TFATE, TFAVEORTHREER
RBERZENEFELEZLTALS. TOBEL, &



HESEROBRETHS. £, ZOBERLLT,
YIalb—Yay s BEFNTT PRy ZIiZiThbh
TVWEFHEE (g P PEOMEEERLIZEAEREL
HEE) OERRERMTOHEHNLHET LS
DALDHEBEENRTREL 2D THASD.

HUET, BHESEROEALLUEEMNITIZ
HIo8meElRTI5. LBEOEI~5ETIE
BREOBMRSETN LHERS>T, TORED
BRARH LT T <. EROBMESET IV
(D—EOBRE) IOV TiL, FOETHERTS.

3. By FO—Y - JO—DXHA

REXy bT—2 - 7u—0 (GERO”) BHE
HETNE, 1) AR R Y TS - 7o — ik
FTREEMZRT VAT A, DBEBRR H5 (B
) BRIZRTV AT A, BLW, HHEELER
JODEERFEAERTVATFADIHDOYT « &
AT ADLEREND. RETIE, NOBRERy
FU—7 - Tu— BT REGEOREBHERRAS
FY. S, REZEERNTHARZL22DET,
Merchant and Nemhouser[63]%2 X U & LT, kD
ZL DFRIZBNT, RBEROBTOLDITITRY
LxEvwrh3ETY Y (B1213]15,32,55, 86))
BELBEN-EFTHS.

31 Ry b=V LBEXRHLEHOER

M 2y b2—2&0DR7

ABCTRTEF ML, FRAGE Y C70%ES L,
J—FOHEEN, BIOEA - - KRERT (OD~T)
DES P POBRENDITEFRY FY—7 GINL]
LETEHEND. BE, BERNOBIESTHY,
TRLDMHEEEF 4R, SLEL. BAR 7 u—
(ZREE) © BE (BEHL) BB/ —F,
RAZTo—DEFR (“BORBRY) BbDH/— KT
HY, R SEZEENLRVWNOEEILIT7v—EB
THEEGD ) —FTh5B.
CEENADE ) — FIZH I~N ETOBEOEE

BROATHWDI DL L, RELROZY 7T,
EQYIBR)—=F i Db/ —F j~@dloTH
SBE (HEREND.

(2) BMGERy bI—Y - JO—%H

TlAy hU—2 EOTu— % RRT BB,
EFARHOLBEPICB ST, AR/ KA/
ODRTHNIE7 o —% KA LTEXRTIIERD R
V. AT, E5ETOHERLBRETVOE
APD, KARNT7E—2RVE (bbBARAMNT
B—EAVTHREETETHE) . ELT, &
YIRBIT DT o ORARREERTERE LT

A0 =mm 1 ETRY VG ~ WALE

B8 d &b OEMORMAEH,

DIy =Bzl 1 £TIRY L2 bRl L

AR d & bOEROREEH,
4;0)=3 47 (1), Dy(t)=Y.Dj (),
d d

EERTS. £, IhHEEMMS LTRERE
ELlichbD®

ui(t)=dal/de, A5(t)=dDj(0)/ar,

uy(O)y=ddg(/de, A;(t)=dDy(D/dt,

LEL.
Wiz, ODXR7THOBMLRZBEE (ODKIE)
PRTEDOEHKLELT,

=M% + S TCICEX o ZHFEL, KA 4
R Eilff o REEEK,

EERTSH. 2B, AT, EXHBHEAZ LR
ELEEDEROTBEELHKER VDS, KAE
ERZALEEL LERRAEAVCHLRKROBREMN
BEEETH D.

3.2 2y bD—4 - JR—OEERM

() £/ —FTO70—RFN

Fy bI—=2 LK —F k T, EEOBERIC
BWTEIZ7uo—&FR



S DO~ A )+ 0 () =0,
i J
VkeN,kzdeS,VdeS (3.1a)

BRI LARTNIERSRY. 22 T4 D] BEW

0, NEEBEATETH B L ThiT, RG.1a),
> ()= 2 A% () +d0,, (H)/dt =0,
i J

VkeN,k#deS,Vd eS (3.1b)
LEMTHB.

@ BIVVHTOREFRR

Xy hO—7 LRV 7G HOREEZRTER
BIERIL, TLREETHIEROARTHS. Zh
i, UTOXTHEES.

X]()=4]()-Dj(t) V(,j)eLVdeS (3.22)

TIT, XJ()RMR Y6 ) KEETS
AHglt d 2 b OEBOBRTHS. 4;,Df BLU
0, MRMMATITSH 5 & T, RG22,

X1 (=250-pj(t) V(@,j)eLlVdeS (3.2b)
LEMTHS.

3) &Y2HTO First-In-First-0ut&H

First-In-First-Out (FIFO)&F LATFIFERIDO b & Ti,
Vo)) OBREFEBEFBEFERLCTRITAE
BV, #oT, MAKERLAMZERE, X
LICRENAZERI, UTORE:

A =D] (t+c; (1) V() €L Vd eS (3.3a)

EMEERTRERLRN. ZIT, o) 1ERL ¢
Y VIG) ~RALELZa—RE0Y 7 2HH
THETRET 2 HBHERM UTTRY s =
A NEREE) THB.
T OFIFORMZ R TRG 320, 4),Df BLTY
vy a2 D RERES TERBEICR,
AL = i (e + ey (D)1 +dey (1)1 dr).
V(,j)eL,Vd eS (3.3b)

LEHTHD. BB, K(3.30)43, FFORAOD L

1

CIHFAR L FHBEORAK AT L bTITE LY,
Thbb,
X5 [ e+ ey (1) = A;(0) ] 1y (t + ¢, (1))
VdeS, V@i, j)el (3.30)
LEERLTWS.

ci(t)

T
7.

Dyt)

sl
t+ C,'j( t)

;‘ t -./-m,-j
H1 REEASRE REF LR

33 YLHEBRETNEY LY - aRE

Rilirahd L i, FIFORRAITTIX, Y ¥7
BIBFTERR o () ZRER ¢ 1231 5 R MR
LR HBEBROKEERETHD. R G3ah b,
(D 1T 40 & D) OBEFE LTERAENS:

¢, (=D (42t -t VdeS

. (34)
=D, (4;(1) — t.

AT, BHEOLD, FHITHONBNRES
ZEEH L7 “point queue (vertical queue)” EF /L TH
xB. WE, kY VI E)OFEORKIEHEL
L, mZERETEECTOY VI/HRERMETS L,
ZOETNTHE, RHEBEIROXNTEEENS ¢

Wy if e (0> my or A (0)> py

(t+c, ()=

'u"( (1) {Ay(t) otherwise
(3.5)

SEV, BHIFIREEET, PORARRHL, %
Bz RWRETIE, AT n—38BETHERE my
DRICFA LFA—ORETHTYHL. Lo, £
5 CRVEAITE, FHEERRRHEL, L2253,
REBAAEEHND, ZOTFATIE, cl) I8HA
t L0 LHEOE ¢ ETORAER 4,(0) DHO
BETHY, Bl + LY bBOFAT v —IFKE
LA2WZ &EMRbhnd.



B, BRMOFTHEIZ, RGB3c)LG.51D,

A0 .
; y,.j———/{d,—(t—)- if ey(ty>my or Ay(0)> p
/uij(t"'cy'(‘)): s ¥
ﬂ,’,ij(t) otherwise
(3.6)
I X > TREMETE B[51].

LLE, 32~33 8RRz, BB o—
FRBRLTHRY, KETCERIEEESFAIICX
TN ENdREHLDOTHB.

4. BHTERES R

AETHE, BHLRRER EBEoRUZEAL,
THREHETRAREY T VAT AREEDEEE
SEROBMESETNVEELZS. EL, UTT
X, 20X TOERNRETAZOVTOLR , B
EETCCHERNCHALMIR-TWE L L2 EEE
DEIEOHR[2,3,52,531%2 5L X THEMNITRRB.

4.1 EXRMTERES R

BHRZEEF Y P ESETNATE, VAT
LT (SO: System OptimalEe5y & FIRHEHE (UE:
UserEquilibrium)Be 53 KR RE S FAI L LTXL<
HMoNTWS., SO IFELETOT7a—2H#ET
BERPREHE 2 —DOFEEZBELLBEORE
HEFALTHY, UE REToRAEOELRET
BEHELEBEORRNETALTHS.

By hU—2 - Tu—ZonTh, LD 2
ORERS LBRAFRREZE2 5 Z LITAATHS.
EBE, SO RS L BIMERSY R E L TR Y X
7 LB (DSO: Dynamic System Optimal) B7r B3 HER
PHREBEEINTWA. £, UE I2xi L BIAEE S
FAlE LT, BIFIRERB(DUO: Dynamic User
Optima) & 5y & BB F) fI % ¥ 88 (DUE: Dynamic
User Equilibrium)®5y D 2BERELZ LN TWS.
DUO & “BERHFIA¥E K&l sy”, DUE i “FHIH
FAERERES"LRIENZZ L b5 5. UT T
b 3BOBSRRUOERELIERS.

DSOBR LiX, HAFHERMFIIBITS XY bV

— 7 VRTAEHETORETEREBAMET S LS
R H DT O— « RE - RO DESSEAT
HB. DFEY, VAT ALKOHREDLEEBRL
LEORBETHD. L, ZOBSKEER, &
AT LAEEToOHEREREF LI bOD, F
AEHEODEHEIIRIEES A,

DUOE ST LY, &Y V2 //—FiZWwdTu—%,
BN RERE ~ AR AELSTOILOTHS.
ZIZTC, BA B BRENRRERR” LiT,
Bt KRR LTWBY vy aR b RNF—y,
{cid VUHELLE D EICHEINIAMMETO
FEREIEINORETHS. bHAA, XY MY
—Z kDY IR RE—VREFHTIIRZN
o, BHALZERBIEHORAL L HIEL
T5. TOEizE bRy, ZOBRSERTIE, &
EOREERERSTEHRBRENEEER~ &
ISHICEST S, oY, ZoRSE, FBREMOoR
BRZOVWTOLZLRERERFOXFAES, B
Fle, JFEROFLOERITETERBAICESE
REFITH EEZTBEOTa— « Y-V IR
FTIERTES. EEL, YROZL2Rs, 20
BERE “BREREEBIEEMCREL EOE
DB /NRERBIRERIC 2 o TV A ERIXL < 2.

DUEES L i, ETOBMIZBIT £ TOHAE
RRBRAULERFIEEHICRATLEEOHEORER
BlioTnakiRryn—  RE—VERDLE
SEATHS. oY, SEEICBNT, R—EK
EEREOFREM TR, YOoRBE2ETTIMAE
LRERNICIFTERBBRI LIS (e “fhORHK
EBRLEFBR I LRIETILS A
EBELRY) X5 REBEHRRI—THSE. ZOR
351X, DSO @ X 3LV AT L2 K TOGhRME R
BEBELENB DT TRV, FMRAFICE > Tk
bAREDRNWEH D (e “AFHFBRLILL E D
BA) L5,

&T, DSOERSIE, WhwaEEHEPETHY,
AoicEmlET L THS. £ 1L T, DUO/DUE
ik, BHLRESFRAIROEZIFIZED 2 b,
FRAETHOKEE2 FRT bORENET LT
bd. Linl, BHRESEELDIRACI>TH



DUO/DUE B4 bREMNTF L EVI Ik L
3 (EHALBELCBTE “HEHN"ET L LT
A7l b)) HAMOFMHEETNEBRTZ5NE
Kb lhhv, F2E, BEMERI R T L08E
EL, “PRE\E BRIy PU—2 LOLE
WRBOETREIFL A 21TV, FEIMETEY OR
BEETTHILVWIRAEBELTCAL). 20K
1, “hddlEE v #— 2 DSO FRITik4 < DUO
/DUE BHNCH -~ REHEREITO %25, DUO/
DUE B4y, FSRHBETN LD, E-T
DUO/DUE E4r% “FHIET AL H2TH “Hlid
I L BT, BT NAVRA S T OSTIRICE
FLELDEEXTBLOBRYETHS ).

4.2 BMBESFRROERNLEAL

M CTERINEEEIFRAE, UTO a)-c)Dkk
WERETHZENTED

a) DSO: ¥ETHER/MLBETHDI 5, Buoxt
BEMER00 TILTDL, UTOX S REEGERH
BMELCTERLENS.

. T
mxmgzjz jo c; (DA% () dt @.1)

subject to (3.1) - (3.4).

723, Merchant and Nemhouser[63]DBERFFE DSO
By F A0 N & ERERFR{E L 72 Friesz et al.[32]
OFEFNE, EOEREIFZRLRD, “exit function”
LEENAZERICE T I 7 —DfA - il
SUEERALTWS. LOL, EhbDEFATH,
FE TR Y 7 TO FIFO £EBHBR IV
(ie. BEWRBE, VI AoBRIZY Yy 7
LTHEHELTLEI LD R 7 u—DFELZFLTL
£5).%oT, FORBOET Y 7 /S ERLIR, X
BRORITEFNVE LTHARAEY THIEEL BN
% (DUO B4y 2% - 7= Lam et al.[55], Wie et al.[86]
DEFNMCHRIBFOBBERRHB) .

b) DUO: #BH 1 IRV T 7 u—N0 “BH&&E
B EICHEN S 2D OFMEFI,

Ay @) fey (=7 @+ 75 ()} =0
e (O -nl () +7(t) 20
A4 20
VijeL VdeS (4.2)
and (3.1) - (3.4).
EWET(A,n) BEER ¢ TLEHFETAILT
3. T, OB  KERLTHEY v
JaRb e RE—-UTHEEND/—F ihb#
RAETOREFTERM (B ETH, B r0“R
Mer 2R EmERHE) 2B%RLTVS. 2%, R
@ —FjBR)—Fi »b#EE d £ TOBRM
HiRERE EZHNIEY v (HIE7 a—iR
N, EFHITRWRLERRNWI L E2ERLTNS.

¢) DUE: £EAtIZB N T 7 n—3 “BHRARER
B EZRN B2 D0&ME,

Ay {ey (=7} (O + 75t +cy (1)} =0

ey Ozl (O)+ 7 (t+c, (1) 20

A5 20
Viiel, VdeS (43)

and (3.1) - 3.4).

BT (A,m) BERR ¢ SLEEETHILT
H5. RUHFRED BRI L= BHEEREL 2o
TW5. LaLl, DUE T, /—Fj Tor] 5k
%t TR, B+ (f) MBS b DL 2

S>TWBHRAT DUO LIXERBARE SRR 2L O
LB, ZOBA theyr) LI, BRI/ —Fi
WEER) V7 ()EEBLTERIC/ —F j T8
ETHERCHD. tEoT, R@3) X, BH I
Yy r@peze—R8RnaniR, /J—Fi ltnwkE
REBIZKAIZD L ETIRRRT AFHERH CTM
LEBRERB LYV 20)Bb5BETHLL
EERLTCWE., ChiIBARRA~BEETDIET
IKRRERTANERMERZR2CFRAL TS L
IZHHY 3 5. DUE B“FRINFIAERE LFEIND
ZELHBOR, TOEHTHB.

4.3 DUE/DUOER S I HB 1+ D8 3| 2 R IR B
DUO/DUE E24yRAE, B MHMRERVET



ZEOTIRETHIEWNE-T, LD/MERMILE
MESCIMLTEXDZERTES.

(1) DUO EZ& D B %I 3 532

DUO B2\ Tk, B4 4 ZL (Mt

TE) EHBLTEALND. TRbb, HEEAL
B DESFHE T ORI, &R > ORE
BB/ ERICEZ LB, BBRLH L,
HRBEZICE LT “AAE " OB KRIFENRTETD
5. TOZLIIDUODEREBLITCY 722 M
¥ O FIFO BENBLEHATH S ).

(2) DUE E25 DB¥ %I BI53 8%

DUEBEAISWTIL, 1BE-SRE/E8A -
1 RADERITIE, BAHRERZ/HEBERLT
CEINT, FEOSBRTRETHD I & HNRRE -
FR249] LLoTHLDIZENTWA. T42bb
SRS - LRADFy b U— 2 CRAZIERRIIC
Tu—%B25L, TOHERAELTAAE”
DOFRHENRTETHS. Zhik, DUEOEHEL Y
7 O FIFO RRIH 6 /) — FREIOBBENEFH 5 f
FEh, ZORREL LTHRIT 5 DUEHEOHET
»5.

UTFoeByTthHhsd (ROBHOFEMZO>VWTIK
[2,5212&8) . 28, KAPE—DHEITO>NWTE
ATCNBDT, ¥REERTIIDOEEED LM
ERF (A7) BEBTS.

P, KAIEZ o CBEETIHRAER/ —F i
CELEEFTINAE o) LEL &, BHEENEF
(BERBFA) @33, UTOL5EEET
EHRTES:

ylj(u)'{cy(Ti(u))+Ti(u)_Tj(u)} =0 (44a)
ci(r;)+r,(w)—7,;() 20 (4.4b)
yyw)=0 (4.40)

V(@i,j))el

T,V BUTORICERSIND BFHFIIZET
BV VIRMARERTHD :
dr;(u)

3y )=, ) = 2, (5, ) S22

- (4.5)

ZORR[BEHARIC B ENT-RBEOERLIZ

Kz, A, (W ERTH/)—F k TOTa—{E
Rl 3.1)i%, HEREETIX, FIFORI(3.3) BLUVERE
BRERA GHEBERTIZLICX-T

Z vl =T pif) + i) = 0,

' ’ VkeN,k#d ,(4.6)

ERFTIEBTED. 2T, d BUTOKBIZE
BENDHEHHICFTS30DEERTHD *

g lu)= dQ L7, ) /du.

Eniz, Vs aR bbb RABIERZGICHIICE
ZBIENRTER. M2hbHbLIRESIE, KA
B u WCBIETHRAERY L7 0)ERIBT D
DIETHEEMIIT, BFH u-du KRRIZBIETDIH
RAEFICH~T

¢ (7, W) —cy (7, (u~du))

= {X, (r; () - X, (z, (u—c))} [ 1}

W e @)~ (u=d)}, 0]

¥

“.7)

- Max(y, (4)

(4.8)

BT S, (€T, HAIICKED o ICHFTIHE
DY rraR ML, ), o) DHEELE (e
B v LYVBRRECEEFET I 7o —0EEEE
7)) ROBROBETHS

Cy (z;(w) = Maxla,;y,; () +f,; i), myl,

a,.jsd—’f, By=cy(z;(u~du))+ v, (u—du). (4.9

i

REEH
yi{w) du

Ci(t{w)

Ai(t{u-du))

| riedus’,

! ; : 5%%
t{u-du) t{u) t{u-du) t(u0)

K3 #EABERALE o OEFOY 73R b

I CEHERZIAKBLTHRME OBRSEHER
Ex5L, BERDy 070 —DRIEEZSEIC
1, BIEMZ wde CHRISLEEERBTHREOE



¥ e HipED, $-T, RUNHD I 72X FEK
CP”) (a,,-,B,-,) ‘j: “ﬁ:’ﬁ”??}é-

4.4 DUE/DU0 BB 53 L L ESFFR/
HAERE/ TR RMA

42, 438 CER{L SN/ DUE/DUO L, EDF
FTIE, TEFAEHOBITSHERNRTATY XA
OREFELYV. TIT, FEOEROBHLT IV
Y ABEREATWHWE LD —BHR7 7 ADK
EHRECERTHILEEXD.

7L, BT R&hk X 5, DUEBRIITEE
BRI RAE I SBAETHS. £oT, 5T
LoDFEEDICHIE L DUE BEHIHIST 5
Bz Oo>WTOARUTTCHRELS.

DUE B4 X, UTTRENZ XK, BRHFERX
FSI88 (Variational Inequality Problem,VIP), 3E#Z 104
$#£RJEE (Nonlinear Complementarity Problem, NCP)#
2V I RE)ARIE (Fixed Point Problem, FPP)IZZEH#
THZERTES.

ORI, T, HRABFERL v CHETHE
BOBEANT, R7 M xeKs=REXRY #EHL
TBL

xam,

ELIZUTOER, F&): K — Ks ZEHELLD ¢

F(x)= [c(y"t)]{ 0 AT:“:y} )
q ~-A 0|7

€= (ool (¥ (1,7, (u)),..),T Q= (s @,)"  (4.10c)

y= (""ytj (u)r") g B

. (4.102)
T= (o Ty ()sen)

(4.10b)

2T, ARy NU—2 D) — K U I ERAT

FiThHB.
PEo#HEDL E T, DUEBES® VIP REIZHE
THUTORERBRLND :

EE 41 X eKs ST B v D DUE BHDE
THSE @ x NLUTFOESTFXRIE VIKs F), D
BTHE -

Find a vector X in Kg such that

Fx)(x-x)20 Vx'eKs. @11

i (2R i

7233, L, Smith[77], Friesz et al.[30]% DUE &
ZMHARVIPERLTWS., Thbix, Wihb &F
AT, BERHEE ST S Smith{73]
DOVIP L REXOMEE LTEBRLEN/ZH DTS
5. L»L, ZThoDoVIPREENZERIIRE
A b (=HFRMIY 77050 E LTEXE
TRIENREE) LARoTWARED, HEEBHST
Ny XARBISRAT A LBRETH- . £
LT, ZZTRLEVIP K, /—FK-0J 7
ETEERAVWTREERTWA LD, B F)MES
ThdH. TORER, FREEFEOETPTATY
ZLABBIZLHFFCBEHRL, EoFEXOER
(B 21T 36,48]BB) Z 7 NMIZERTEBLWVWHF
REFLTNWA.

Wiz, DUE FIEZEZHERO NCP & LTRERT D
TrEREZLS. FOLEDIT, ROEKEKAIE
BaAMo /) —FEEFERD @ TR,
T, (w=u—7, () CTEBINIKRIBFHAND
&/ —FL#EAMORERMIZRVEL, ~7 bV
xeKo =Ry xR} #UATFTO X S HEET 5.

X= B’J T=( Ty (@),

72, Y7 axbE @), r(u) OBKTIAR
<, (7)) PHERELLTRBRLELOR

& (yy,7,) LEE,

F(x)= [e(y.,%)}{o _AT}H ,
-q A 0 |7

&=yt )’

(4.12a)

(4.12b)

LEHETS. ChbOEHELAVWS L, DUEESD
EHENCP L 2RABBOLND :

FEE 4.2. 2TOODXERIIFR, £TDY >3
R FEIRIAEBED 70—/ 8 — 2[5 L THICIEET
BBET B, ie 9420 YodeP, ¢;>0 V(,))el.
FDEF X eKsw DHITEMIFZ u D DUE ESD
BTHE © X IUTFOEEFDIEREEHEL
B NCP(F), DEETHS -

Find avector X' in K+ such that
FEx)=0, x 20, Fx)=0. 4.13)

iR - R i



I bz, £ NCP 2 &k 3R, DUE [BIEAS FPP
LLTHERATEBILEERLTWS. T bbb,
[z BEE D zeR" I3 L max(0, z 1, i=1,2,..n ZER
LT B2 M, G REERY bOMATHEERT
EL, UTO#HZR xR b FThBH~DEH

H(x)=(...,H,,...)~[ x - G'F(x)}+,
EEETDHE, UTORBELNSB.

F 4l FEL2 A~ DRETFT x" eKs, 155G F
B4 u DDUE BHDETHSE & x° UTFDF
B8 FPP(Ks. F), DMETH S *

Find a vector X in Ks+ such that

4.14)

x'= H(x') . (4.15)

iEBT : NCP OISR TH I D4, W

PETiE, BERZRICS SN DUEERSD
VIP/NCP/FPP ~DEHRDHEZR LT, Zh &R
IR L IC AR SN DUO Bt 2T )
FEEOEBRMPTETHS. LiL, DUORZDE
A, TOEROHESDX, TOLO>0ERETD
ETHLRLFHEOEBPHIEORRENRTERTHS.
#oT, ZITiE, TOREKMNRERIZOVWTIZE
B35,

4.5 BESIRADEXRRE

D k5 mERL &SN EF L 2 EOICHET
THZLELEST, BERSBAOREOEES—EM
ZOEEMBEERFALNIRS.

() ROFHE

DSO B4E LTV DUO Az oWTiE, 0N
BETDHZELIZAHATHS.

DUE BB DW T, ZOBOTEEX, - &
RRIK L > TARDABRAEE S AW EANRA
EhTWna.

ZHE 43 YO IX FERBAM4Y TELILNSE
EDETBE. CDEE DUE BHM-FPHE<EE—
o0 (v 7)) HEETS.

HH R - RRR2]ISE.E

e, K- ZFR2)TIX, %fHiZe VIP R NCP 2 A
WTIZEERNR 2 S hh Twa 23, &f2z VIP 20
HiE, LVBRRAEAZEXAZELEARETHD
(Akamatsu and Kuwahara[3]% 2 8) .

(2) Ro—Bi

DSO B2 53 DD — BT D\ T, BHEM 22 3EH
BHEEOBRIIL - TABIIRNTE 5. 42 TE
Ak & 7= DSO B4y »FFAfHKIL, FIFO FAI &%
THRARGCHRH A7, RAEHACHELTHN
REETHS. T/, BNERCEEhB Y22
A FEEL LB L THRBERTIRRY. #oT,
BER 2 BER(L L C& AT, DSO BE4SidseEiin T
TORMBEORE/NMLEBETHY, AbMLBED—
BHBES AR, '

DUO BBaid, #BEH + KBWTRERBES H
DV R AESERS L RROMBEELD
LR, HoT, BEOHEE, BoMCHE
—BThHD, BIFOBEIE, FEMICERLTY
5aA MM LTHEEORERRPFEELRZVERDL,
RIT—ETH 3.

DUE 4313, 4281 TREL S CHBMEELRE
BEX)ZEFRAVWEZVIP L LTERETES. 55T, VIP
WCETUTOERNZHE (B 2L [48,67] &
B) #blic, MO—BHEERMTIZLBTES.

A 4.1 F(x) 2K £ THERE, ML TETED
Jacobian BIEFEFTH B2 56, Fx)IdPEFEEH
(strictly monotone) T 3.

HET 4.2 FO) 2K _F CHBEFTHEL5,
VIKK,F) DAFI, b LIFETIEL, HB—THE.

DUE &4y & %% VIP (R@1D)DEHR F(x) O

Jacobian i3,

T T
VF(x):[V’c(Z’T) Vfc(y‘o) +A} 4.16)

TEXbNBZD, FED XY, T e Ksiz LT

X'VFX)X=3 a,Y" -3 1T, (4.17)
¥ i

TH5. REIDF—ZBIE, E-AVTHOED



£V 353770, F(ix) @ Jacobian WIEEETH D L
ITRETE V. #oT, DUERO—EH b —iRH
ICIRBRETERW. L, ER—ETH->TH F1)
® Jacobian MEFEFE TRV LIXHVEBEZIDT,
DUE TRERHEEREEH D ZEEZEKLTY
DD TRV,

i, CEEOLEED_T(y,t) CEX5L,DUE
EX0BRo—BHEIMREILRVA, L, DUEK
 ETOBERLNI L O BFETHBLTH
iE, 70— yE—BNICRDD LB TESD.
hit, BTk d Rt 285 X —% L+ 5%H#1k
MEZzEZNITHONLTHS.

[P-UE-FD]

min. y K" ¢,(@,7)) do (4.18)
7

subject to

> V=) Yy +9u =0 VkeNk=d
i j

yﬁZO VijeL

T ORIREN, BEORFLRE B REEL 5 O S s LR
BLiZERBTHSL. €-T, HL, 1" DUE &%
BTOEFRL LY A THNIT, [P-UE-FDlIXH 5
M DUE 7o—_4—2k5%25%. ¥z, [P-UE-
FD}® HAOBI¥UT vy KL THREMZBE TH DN
b, TORERII—BIICREDZ LRbH 5.

4.6 FESFRAOFHZE

(1) DSO MEHH %

DSO B4y i, ENEFME X FPERLILEMT
HHN, EREORy U —I TR LRB LT
L& LW TIIRW. RROWFEELTHD
&, Merchant and Nemhouser[63]<° Ho[39,40] #3[63]
TERILENEZES - 1RAODRT OREEFFH
DSO B ETMCHTEITATY XAERELT
W3, LHL, 428iTRREX I, [63]TREN
EEFVIIERLEBICBELR I TWE D, £
hEH&ReELELEETATY X LGRENTHS.
Rk D = & 1%, Frieszetal[32]DEFARB LT

YURXAZOWTHHTRES. FRICH LT, TE .
FIATIIRYUREF Y 712X 3 DSO ZRL, TA
TYAEZBELTVS. LALLEBRERMNL, £2C
RENFETNANITY) XA a— VAT 4y 2 A TH

D, ETOIRME/DERESIT SV TIIEMEELT

W3,

DSO B &M< DX HEIZ L TWH DX, BIHZR
W72 —@FIFO FRl 2R THRHERXTHS. Zhic
X O RIRFEERS, REERCEKEFELEBLEL D
HRBBH AT LERoTWS, £D®, DSO
BRSO RFMATFEEL, XKRNEERE R
&2 O N EEE (ie. poor RAFRBEMICEBLIRAATL
£3) LVWHMBEANELS. ZORMEILRMBET
H5. ¥, BEOHENZSBLEHETHI LD,
EOTREELAELEM TR ORVWALRIES
EBRAZbDELTWVWAS,

(2) DUO MRtk

DUOBZ L, EBRM T L ICHBBTRETHD LW
SEMNDH DD, HEREETHE. KBHT
B—FIZRLT VI aL— a7 e —F7C
LRED7n— « RE—VOHERTETHS. %
7=, BEA - EHREO—KBH2ODMEETH, OD
REROTFRZLELET, P OPRMELHEST
BEThHD (FEHILS3IZBR) .

(3) DUE &t &

DUE B4, 43 #iTRKEI I IC, HBRIEML
B EfFol VIP (bAWIENER D NCP) £ LT
ERLFTRETH S, - T, VIP/NCP O—EHR
TAIY XLEEATIZENTES.

HBEHEEROSF T, 90 E£RIZASTHL
VIP/NCP %< 7D OHEAT AT Y ANEHK
BREREhTWS (F1x15[27,35,56,71,88]8 ) . %
oD% L, VIP/NCP IZRT 32U v FE% (+
FE3-(1)BR) F AW TCABICHELERFEL TS
AT, #EML IS A R TWH MR T
BRES) 2X0%ELELD LTV, b
Th, BEFO NCP 2T 3 I-;accinei and Soares[27]
OFTNAY X5 (LLF FS k& FES) i, DUE &%



REZMB< DI LANTHDLEZLOND. FSIE,
HEAMITIE NCP »bREMLRIEIC L - THLND
FERIGE N FEX % Newton TR ZRIE (ie.
INERERICBY) TAITYXATHS. %2,
Fisher(28]D 2 U v FE¥K ((F%3-(8W) 2BV
T—RAEEEB IV, FARI MO, vF 5
BTS20, HPRYVENI FAOHMBE (NCP OEH
F(x) Po-BA%kTH 2 & 5 288 oxh LT RN
RHERGEEENZ LWV IERFVHS.

Akamatsu and Kuwahara[3]i%, FS{5% DUEE S %
2 7= DIZHRAIZ implement 35 FER R L.
FSHETRLHAOFEREZETLHOR, FBELILE
WT Newton F A ZRD 5 7= DI BFHEIL -
AXTHD. Lil, DUERSHEBEOHE, Z0EL
FERiL, Xy hUV—IDY 7 - J— FERETS
OXMEEFERATIEIED CTHELHBEREEILS
ILRTE, IEBERLOETISLEL LRV
EABITRRENTVS.

5. HREFHZLEHBRRORKYEHEETIL

BTEETIE, BAMOODRERINENICETE &
LT, BBRRBR /BEHOHDETNVEELT. O
v, FIAEOHBRRIRRITHICOVWTIIZIER
LTWRWEFAVThHok. —F, B xy by
— B CETAIMAELTHORNE LT, HEEE
ZRROBMBHESTICET 3 ERERITbRT
WwWa. LaL, TLHORRERE, BE—R iy
DT O LS RBOTREINLLDTH- .

T, AETIE, ZhbD200FNEERR
CERT A E2RRB. Thbb, fiIE0RESE
EERDUEERSZ LY —REL, BABODRERE:
REM LT VERET S, KL, BTTH,
Xy hI—2 3RO REEOHEE LY 5 52,
ODNRF—VZOWVWTIRERR - 1 REDOHEICR
ELCHRTD.

5.1 REEDHRBLBRUMETI

¥7, BHEOUHRRIARFUTHICL RO XE
B|EOBM /Y — 2 BRI L HEROB

XERTHEI ). ZoRNLDOHIRIL, Vickley[86]E4
¥, EHEVH, FIRETHICETIRENORER
M2V EEERNLETVICKEITE 3.

BERNRBEEF VL, FAZIERRZE Y
DES>TEBLTHEASD (FEEHR) DFZ2LE
TERVEOLRREERDLDOTHD. B—Y s
DFELRBEEITONTIE, B8R\ L 2EHMLRT
TV IT0%, RBOFEES], — B, First-In-
First-Work BAI[17]ZE D W< 2O EAEHMNHL
NEENTWD, £, B -BEERTEILO
B E[69], FHERFH#H OEA[68], EHEAYZRH ~
DERSANERITPA TS, iz, &I, ZOT
FEREE LERERSIZOVWTORELENT
W3 (5 %45[37,6,7,8,9,66,79]) .

—J7, BRRMRET NV TIE, DePalma et al.[26],
Ben-Akiva et al.[12,13], Alfa[4,5]3, T F A5 R
RICESVEHRBIEREF AR BT, R
BBEREDOETNVREEIToTWVB. LoL, K&
BB, ENLOMETIY, ERLLBHEREESE
BRBMTOATWARET, MOFE - —BEHS0E
D 5V ENGRRHET LI Y A0
TRIEEAEHLBMZ STV,

UEDHFEIZ, WTFNLOEFLY, B—D Y v,
HBEVITEBR M Xy Z R 1TEETENS 52
BOTRESNEBEDZRERBEE LTS, o
T, &0 EBENRBECRITORLDIZIZ, —&kaR2
Fv hU—7 &L LEEFAOWE, TOEA
BHEOEBRRIOTATY XLAOBRERLETHS.

5.2 — M THERZRIRET I

DT TRRTZEFNVIE, BEXBENHRLLT
WAL LBETS. BERECIE, MAERER
BINFTRERERIY, BE, HENILEROLTH
U, BRBPHRBIITS L EZLDORBRTHD.
- T, H£ODNT (0d) OHEFEHMETOROD
ZTEE Qu HEAESNELLTEADNTVS D
DETHB.

EHRBLEXZHE, ARAEOCOTHAL, FE
BRHBLY “X&yVa— ax ik OFKTHS
LEZBOBERTHD. ZIZT, “AFYa—-



2R pr L, BAREDET 5 BENL E RROBF
Bl DEEZERT S (AT THERORS{LO -
B, FIAKORBEESATPHEBEEERATHS &
T5) . 22T, DERBHLN 1, T, £5 o %
B LR A= B 1R u WEETH L D2
FIREORS AR

Uy t,)=Voa(u 1) + ¢ (5.12)

Voa (u, 1) =u-7,(u) +fs(t,-u)  (5.1b)

TELZORBLRELLY. ZIZT, r,(0)idkA
KB o WBIETARAENER o XHHETHHE
ERL, t,-u L “AFPa—nN 2R MEEKE
T35, 2LT, filt,-4) BRAFVa—N-ax i
HEBAPA (RFTAT 1) ERTERTHD. L
FTTiR £, - WiIEADOHBEETH S LEETS.
i, cRAAEOBRMEBRE (HbAVWIBERNEOR
ERE) P BYRTIREHREATHD. B, #
BEMRBBRICHEL L BE® 2 THEL 25
&, 7,()IIFELEDODUERSOHER L LTREIZ
BEOTHEER y ZLi—BITRES.

wiz, ZUFLAPRABRICE > THRHAEOH R
UBFATHRBATES L bDE L, PREEKOR
M M iid Gumbell HAIZHED LREL LS. =
DL &, BBEBRMARELAN ¢, ORAZENEL o ZH
RLKES A v CEETIREEER

expl=67,( 1,)]
[} expl-6Vuv, 1,)ieb

Poa(ut,)= (5.2a)

TEZLHNS. ZIT, 0RBEROOBERBL
TeRFGA—FTHY, uluiide, BRIBHERL
OTHR (BB &L KT) ThH3.

oz, HEODRT COGHKMMBBR O (B
KEEBE) B Woa(+) ELTEXDBATVD LR
BT, BR o ZHRBELKR 41087 « IZBF
THODKBERHE (L)

40t @)= 0ot [ Woal6 )Pt ), (5.20)

CIVEZBNRE., 2T, wekw By, B
BRI O LB E TRTH S.
HGE2E, 6— +oo L, 518 THRARE

EAHERAEST BV TRESNL TV SR
RETNERSE, £, RG22, EFEOHED—
BRI — 7R LTERBERTVBAB LY,
BEBRBRZOSMEESELTVLRT, EROR
PR HRBEABWESF CEESLTWEET L E
—ELizbD o TWVS,

5.3 =Ry FI—2 TOHRERT - BHRR
REHEETIL - BERERNERES

LI G, Bl EoEmic s Lannic,
#EBERDYBESERTELS. Thbb, B
EHRTHEEANSHEREL KEO GUNEE
0) BREMESEL, ToaRECREFROE
R U LBL. £k, UTOERMETE, 5D
EEERE o BRABERASR ¢ THETR—C
HIELEERTHEZ LA EHRTDHDLTS.

(1) BB DUERSDERL

IITEAXATWARMEFEER DUE BESIL, ODX
BEEFE L UTRERROYBOLEEL D125,
ABOET NV EFEH, RABFFAZICHELTE
ZBTERTES. LhL, REDOBEHEKTIE,
FEHERELD v OODRERBMOBERL u O
B/ — FRIERA ) CHEELTVWS. #£-5T,
BEEH P RESBR#HE T R VTR E 2,2
FRER2620. Z0ERLIIUTOLEBY THS.

Yy (e +7i =75)=0 (5.3a)
¢+t -1y 20 (5.3b)
20 (5.3¢)

V(@i,pel, VuelU
D vk =D vh +al(ty) =0
i J
VkeN,k#d,VuelU (5.4)

Voa(t,)=u-75 + fs(t, - u) (5.52)

Plat,)=exp[-0V4 )1/ Y exp[-0Vu(t,)] (5.5b)
velJ
Yod eP,VuelU, Vt,

G =0 [ Wa(t, )i, )elt,
Vod e P, Yuel (5.5¢)



ZoERXILE 4 ED DUE BEoOEWIL, RGHD 7
n—@RERFDO “OD7u—g PEHTIHRLRK
(5.5a0)TELZLNB t DEKLR>TVWBEAB L
W, ZORERE L THBEPEBFRABNIMITIX
EZ bR Lo RTHS.

() HHERER DUE RS EFHLEEATER

EreERbsh BB ER DUE BN R, 40
BESEREFAVOBA L AR, VIP KEHT 5.
200z, X ek =R xRN B LW, 5 F(x):
Ky = Ky 38U TOEIERTS

o u K\T
XE[y]’ y'_(y [ AFTR) 4 ) ’ (563)
T ‘::(‘tl,...,‘[u,n-,TK)T’
cv,v)] [0 ATy
Fix) = , 5.6b
® L(r) H—A OM -

ZZT, ARKBEORAT Ry s BRTY VS -
— FERITFIATH D7 2 v 7 AT,
e=(c'...,0,, ), ¢ = (0T,
a=(q',....q%....a)".q" =(..,g}(1,),...).

Tk ExHMEER DUE oD% VIP 12833
UTFTOEBEMENTS.

ZHE Sl X eKy HHEEFEYDUE BH OB TH
B © XBUFDERTFIE VIKy F), O
THS -

-
Find a vector X in Ky such that

Fx)(x-x)20 Vx eKy. ¢.7
FEEA : EE 41 O L IZIERE. A
T, KENDEBRALTET L,
* . T * . _ L]
(e(y ,t )+A T ) (y-y) 5.9

+(=AY +q(t")(1-1)20  V(y,1) K,

Thd. hiL, BHL2Rxy PU—2HERME (%
&y b U—2 £ TO Wardrop WHELSY £ T AR%E
MERBIEETL) OHIEO VIPERL X<
METHS. Lo, UTRBERZ LI RKR&RE
WSS,

BORXy VU — s BHEBBETIX, =2 MEEK ¢
LEEEKqIE L, SR L g BEETER
BLUTOXLIZ3MEED VIP & LTOER(LHTE
ETHB (Hx21%[21,22,23,29,67,70,73]1% & B H])

a) MR (Primal VIP)
Find (y',q') € K, such that

oy )@-y") A
+q7(q")(q-9")20 V(y.q) ek,
where K, ={(y,q) |q=Ay, y20, q=0},

b) KxtfEI#E (Dual VIP)
Find (¢',1") € K, such that

c(c") (e~c)

+q(t)-(x -1t")20 Y(e,1) ek,
where K, = {(¢,T) | c=A"1, e2c,,, 120},
¢) E-FxtFIRE (Primal-Dual VIP)
Find (y,7") € Kpp such that

(¥ )+ATT)-(y-y) _
+Hq(t)-Ay)-(:-1")20 V(y,7) ek,,

where K, = {(¥,1) l y20,1t>0}.

—%, DUEEMSIE, =& %, ¢ & qRISEEENREE
LTH, E-TAEOMBEIZ LAERTE RV (le. E
RIEEIC b R PRI b EBRAR) . 2 OEdiL, DUE
B4R s Vs ax MR, Tu—<xZ7t
Ny BTl /— FEFERZASS bt it big
FLTEY, i, #FOLMETERIL TV
“bisymmetry” BIE X ET O TH 5.

73, BHEEER DUE BHi, BESEROH
& (44 1) &< AT, NCP R FPP I b EHBA
EThD. TOEHIEDTEETHENT, ZC
TIIAKTS.

(%) BHEFEEDNERSDBOFELEL —BiE

MEEM DUE B04y Tk, EEBEBERKICRE
BT3BV EVIERARRERZBTIE, B0
FE% VIP BRICE > THRIETE S ¢



EE 52 U7X NEMELUBEERKICAL
TLUTFDEFX -

c;(vy»-ti)2n Y6, eLlYuelU, Y(yj,7}) eK;
qhy(sTh,)<r, Vod, YuelU,Vr, 2r,.

EHLTEDHEr &ry HFETEH6IE, BFRF
FEYDUE BRI G EE—DDIEERFD.

SEBA : Akamatsu and Kuwahara[3]2#. H

roERL Y, ERHLBERERBICY v a
2 MEBOBRET TR, BOFEERMREENRBZ L
Bbhd. i, XG5 OBREERORE, 9%
i3, HoNZ2FMEORODKRER Q.. #8415
Zrihnhb, ERBS2 OfERERSh, B
BOBFEETHZ L BbND.

BO—EHEICOWTiX, VIP REEW3EH
FEOIZ 43Mi0BE41 L4252 BALTHRRS - &
BTED. TORROHZERT L, —BHCE, —
BHEMET I EITERY. LhL, UTORE
BIRT LS, BAI Lo TIR—BHERLTRE
EndELHY OB,

FHE 53 BEFBRCL2TD/ — FHEDRELEREH
BFL0498. 5/, FEEKLY>2aXF
BIH LU FD/BFE :

22 1

N >0

; oty ;40:,’;2
VkeN,k#d,VuelU (5.9)

EXLTHS, BEFEXDUE 5 DY HAEIL 0 —
THB.

FERA (TR BER. W

Lo&MFE, BEBECEFELTVWIED, BEE
ER @ DUE (BRZBRDOLO DUE) TiIZEZ v BR
Wr—XThb.

7238, DUE RIECORERL N2 L1 MFT 5T
bHEynE, HETe - OE-BHCRD B
ZEMTESR. ZOT L, AXERGESHDEERS
BTEZBHE, UV ENTA-FLTBROLD R
RELRIE -

[P-UE-ED]
. :4 u u* 1 u u
mm.zz j:’c” (w,7] )d(0+§zzqod Ing,,

i

+D S, ) -} gy (5.10)

subject to

45 =0 YodeP (5.11)

25420
Sye =Y yi+qn =0
i J

VkeN,k#d,VYuelU

Yod e PYuelU (5.12)

(5.13)

¥5 20 VijeLVYuelU (5.14)
EEZNTIHONTHS. KL, @EOED, |
OB, BBERBELSE—0BEL L, IZEFRLT
WABFEDFTRLTWS., ZOMBERE, Bezx
Yy PV BBITBNTELALNLTNS “= b
o —BEEHERSETAERABRNTHS. o
T, bL 1" DUE REBCTOEERLRY FATH
¥, [P-UE-ED]iZ8A 60 BEEER DUE 7 2 —
Ny~ %5 25, —%, [P-UE-ED]® H B B#(5.10)
(v, WL THRENEZTHDIND, TORE
RII—BHIRELZERDMS.

4) BHFENERFOMNZ

SEDOQR)TRE L D ICHMEZER DUE &4aid,
VIP L LTREIND. #oT, FL4ETH~RLEE
EEES DUE B LRgOT7 A Y XARF AT
ETHD (FEMOVWTIB]2BR) .

6. BMESBEROSROERIRHE

ARTRLEETNVE, HLETHLESBOIET
FLEBOERELTO “Fa b FZA7"ThHS.
2T, EBEOFAE TR, BxRHE - —Rbn
VETHY, ThifEd Z 0BRUBRERERS L
TW3. LAFCi, DUEEBESICBET3BEE LI
HB.



6.1 BEDHEXETILO—41E

A TRLEEREFNICH L TR ENERY
BFEHDDLXTFNO—BEDIH, SHDELR
BZERBEET, roEBEWEERBVWEERDAS
BEZUTIHITS.

(1) A - BR[NE—V~D—#iL

EE T, BER - 1EREDOODAF—VOFE
IZOWTDORE DUE B DR £1To7. 2had
BA - SRAO—BZHODEE~LETEZ LT,
EFNEROLDOREEREO—2ThHS. £
DEATH, 8% D manytoone ODNRF—ZxFL
T, ABERBEOBERVTETHS. KERBEN
i, F) 7BV THRARN 7 n—Mo “HEER”
RA-TLBZETHD. B, EREWNTv—0
“ERYVOMGEROBRYBRVHRL 2 EHETHS.
#-T, TOERLE, ERNICE, H5ETRL
= VIP L BERBROMBLEZHOD, Vs
A MBEAENREESR - 1RAOBEOX D ICHEMLRE
LR bni Wi ZENFREND. £,
FNEEORITeT AT Y ALARRBITIXEIORPT
RKBNETHSH.

(2) ORX FHOBEMETLTYXLOBR

PERDPFFETIT, DUE BAICXT ML L LT,
HEABSTOIRLALRZERTHWRENE2—T R
F 47 A (BT [12,13,14,45,87]) BN ONER
ERTWAS. Lil, FOL3 77 —F T,
BA~DINKDORIAENF LNV LITHRTH I,
ETFNOIERLERBRBEOLKICVATFT v 1 7
EHIST 2L bEERES. £k, Z0BDOT
Ta—FOERIL, EROBHEIETMIIBNT
BRLNELSIIE, “EFATECTATY XLHE
BEid (e TFAFAERARHCMELTH
DZOBREAICR2D) BEIZKED HRkzn.

FNER LT, BITRENETALTY XA, &
BEOEME (%M VIP OBRN PR TCHHI L)
B & i DUE B4 REIC L CiT, B~O ki
FIRMESEBMIZREIES NS, LrL, HLKET
b, FORIEL, BoNEEETTORRITE S

DTHD. - T, 5%, JVEVELETT (le. &
DIEWS 52O LT) KIRARMEINRE
ENABALVeRRINRTAITY XAOBBERSLEL
Ehis.

¥7-, DUE 4%, BRRESIZHE~ED TRER
BEeBBELRoTWDE®D, SbipEirTLd
VXLERETBILOEERBALRDEAD. ¥
i, VTNEADENAEBEEIET 2L, B
HEBOFALIRE LTI T LTY XLADRR
BLETH5.

() BERITEROME

DUE B4 izxtd Bk EREAT &1L, Vo aX b
BT A—F (EK - RELBFRE) CHREMR
BN T A —F ORILFICR LT, DUE OfEH
EDLIRENT DPRELFELETZS2LIC
BT THS. ZOLSRBITHNRETHN
X, #%o628TRAIEMHE/ FEFROFME
ZEXTHOLTHLBOTCHEATHD. £, 20K
REENTIE, YIal—Yay - EFATIIRERET
Hy, BREFNVOFOFROVLSTHS.

4 SETRILEIIE, VIPRREESNZ DUEE
3%, BERXy NU—2ICB T 3 ERNEE %
(Spatial Price Equilibrium)® 5 NVe3ERFFY 7 2 X
RS R L BB E R o TV S,
=%, LROBNXy N —BEETAICHTD
BESWERIL, BETOHROERPE LV (Hi
zE, [24,25,67,80,81,82]188) . #t- T, DUEESR
xt$ 3RESTERS, TLOORAIKLI IS
HIAEBICHE TSR LRSI S.

(4) WHBO (FHEL) ABEOREL

AR TRLULIZETATHE, FiAZRIHEODARE
FELoTWB (BAWIKEET L LELD AL,
2FAE 2 HETRECHORMEERNA LA ELE
CTHR) EEEENTWS. Zhid, DUEZ28E
ORBEFLELEZLZRD, ALMEERZBEI
HaitLTn5., BNRKEES T, BERS:
BUCRHAEMICERERAEEARLELS. Tok
B, AEOL > Bk IhEEFTAL LV EM



EFNE T, EENIBEERRRD LW R
HETETERW. ¥, HIHTTLLEZDRE
T, BREMFRBEV AT LAOERBRFOBES
BETHRE, YATAFATEIN T LEDOMH
DIN—T 2RI LEBVBSLETCHS Y. (5T,
SHABEDZ VIIESFRRORZIEHROFA[ER
EFROHAALICERPERTIILLEERE
ThHd. Thit, TEFEERENOE, Vrrax
FENEABEEET A LI X o THISTRETH D
LEZBRS.

6 Voo BRRRRBETILORE

AETY V7 BBRAORRICAWZTT L,
VU ZADX ) EMRRESERY 7 iib bl
BOEMRREZERCTE RV, ZhiEFAELTI
1%, A TEHEA L7 Vertical Queue &5 /L% Phisical
Queue 7 /L, Shock Wave E?ﬁllﬁfﬁb‘f:%‘?ll/
~BEBRIIVLENRDD. TOBER, RABER
AR EOREH 2ET VERICIREL S
ZRVWEBEZIONED, HBHERBIFELEE L
bb.

(6) EERASETIMOBRBME ST

B FRy U —27 TIXUE & SO DBI#E-S (eg.
UE KB AEHY VI RBBEEZBAV LV I7RA
MR ErznIES0 L5 &) BB THS.
L»L, —f&kRy bT—27BIT5 DSO & DUE ®
BRI, BR T, BEACHLMI ISR TV,
ZOMEOEBHNBEEEZRADZ LI, KRETHR
HEBERHEESEICLOHE - FEFEELELLS L
THLEATHS.

%72, DUE B4 L BM#FNERS (Bl2id, (34,46,
62,65]) & OBRABEEMIT LEESIEETHD.
BRI RIESIL, BNRESETAOMESE L TR
ERERLTERLY, BITOMRMDL T, BAHER
METHLIRE, &Iy - VUL TORBEDE
BEEFNMT RN RV ERERHHLOE
bhs. MEOCERNBEGENR L 0 #RICRHIE, B
BEOBRS Y HHRESETRETHOFEOCHMER
“ELDUE =50 SOBBRE/FTE 3.

6.2 FHTHEFTEFHHFROETIL~DEA

ERTRLEETAMCR 7o —ERKERLS &, B
RENIZGEDE - RBABEOHE - FHELE®RTS
EENEAZIRTWARYL. UTTR, EELELD
hBEE/ FEERLFOETA~OEATESEE
B, :

() E5I1c& 558

EFOETN~DERBRAHIL, EFRFNNF—>
ErPFEL L TBSEITIOH 2L, KENITIE,
BITOETNMCBIT 5HHERROBERDEELTSH
5. #oT, HHBEOHMBILEFTRL, £0K
SRERREBNAESICTES. ¥, BRESWE
REOHAEGDREICLY, VAT AREORFHL
HWEZRZFEIRARTETHS .

LHL, Ry NI—7 RETHEABEMEEND
IHEERBART—V ERETETHLENI—K&
A OMEZE ZEIBDTELNESS.
ZOHRE, BaNIIRBEEE LR REL25.
Thabh, HIMBEIIESRRAAY — 2 HHER
L LRRETRME BB L T 5B, TARER
FIREOTH2&HR TS DUERSMEL 2. B—
VUL OB Y R T A REELS SRR R T
BREEX22E, ZOXIRBERIC L HEELE
< Z ki, BIRTIE, EIETRFEELVRS.

LA, B—EEoR/ML/ BXEERS DT
7, HbBBOVATAREHERY AL LK
ESHBART - 2B DFRERT, HhoRER
TWEEZLND. BHBERS ZREE LIES
ZOWTIL, Smith[74,78)03F OEDIE FHIHME S
BRELTBY, TOBFLIEERELRS).

(2) BEHEICLHFH

Fe&EHEFTFNVICEATIHITE, BITTIR
FEBMOLTHILERELRY VY7 a2 R M a—K&
fEax MBEETRIE L V. ZhiE, EFARED
AEMARETETRILEL LR2NED, WEBHES
ThB. LirlL, HbIEOREELRRTILOR
BEE&EZROAMEL 2D L, 20 FiR. &
Wihh, BHRBAO L) REMZBRARARERIR



RIxEd, %7, DSO E24 & DUE B4y O—fEIR
BERRFBELMZENTVW WML THE. =0
AL, BB HOREETKREL BRI RTHS.

BRBEHETACBIT S RERENSOERIL,

Pigou(1920)LL3E, #R4 R BF M ~DILHE & — L X
LRTETWA., Ll, 2honBRIT, #Hh
IR MEEERELTWARD, BEOKRBITIEN
ZERBICHEA LSS, AONKFEEEALED
DERA., oMK LT, &iE, Hf - XER
BEZEOSBFICEWT, HEBRLABRYBET L EX
— A LB R BRI AR &I BT DT (Bl
15[6,7,8,9,66,79) MBI T&7=. LhL, &R
b, TROOHERED CRESNIIEFICEMA
ZERHEE (eg. 1ODT, 1V 7)) OBEL1D
DTN, Tibb, —BEEDXy bU—
I RBEHODRT RS A BEICEATELERILE
EBThHD. BENZBERAMEFLEZL 3010,
—xy N RERATRERERBLEATHY,
61 fin (3) TRAREMITERELIVELS
ELTHELBERIBEINDI I EMNEENS.

Q) ABRHKITLLIZER

FRBMgICOVTIE, FRTTRLEL S REMA
DUE/DUOQ OB DA TrE, “2B B EHE D 125
Bans e ko5 aBbhicr—2 e Lnis
TERWESLD. LY REMRRAE ST T 210,
618iD@) THRAEL S RBILENLFIAEED
SHABE 52 DUEES (“Multi-class DUE Assign-
ment”) BTN, HBWVIIED 64EHTHRRB L 57
HERMRERINAAZEATILERH .

8 JLvHsRAELLHEICLDFHSE

TV I AEAL LFHIZONWTIHE, SETRLEE
MEER DUE B TE 2T, (2R BEMK
(HBVIZEOEH QDDA DT 2 —
¥ HEVBALEROBRECRETS. #oT, EF
AEE LT, BITTHOEREEFTEL 2TV (b
bAA, EEMRAFOLEDICE, ABTELEL
FRBEREEREHALELTS, HHVIET
A—FHECEER S EOMBEIXHY 53) . &

L, @ DRSS LER LEHNEREERS
DL, EOEIRTVIREL L RE—VE
R - EREMICERETHLERVA LW I EOREI
HLUTHE, SHEOBROEBNLETHS.

6.3 EFINANEROERE

BHESETFVEERART 2D, AN
F—F LRZBM (R ODXBREBNLE
Thd. FRiCik, BREEO0E¥RBIZLY, Zo
L520DT ¥ 2 EERETERZI X LENT
{3rEZLND. LML, BENILE, HECE
BRBaten) ) RBRT— I ENLEHNAZO
DXBEBEFHHTEAIEBEELY. ¥, Z0
RIRRIz T 5% (B &21E[10,11,201%) b h¥0 %
SEWR, EEEOBVCFEOHRRBRIEETHD.

ZOMER, EANCE, ZEEOT7 Sa—FR
EZbNBIEA5. D&, MELEEEERER
BEFNL BZE, 7u—AYFARUFY N2
HESE) 50 RELICEMRRRIIEA %%
R I/ RBERENEEE L LTODXRER
FEBENRRAMEELTIFETHD. bIHIVED
DFEIX, SELE% DUEDUO B2 _—RITE
EMEBRT A ERAEH LT HIFETHD. #
BEOFEX, BROLESECEH CRERTVWAR,
HERRWRIC R 2Z0BAMLERTIREEN D
LR, &%, BENETNVEEYy FTELBARE
BREBRETHAH.

6.4 {TEIRAIS DR & W&

DUE/DUO B4, —HOHA#H HEes e
HRTIELTEBE, HHVE, EFYIab—
Yarv e FEFARELDTRIBERCHToHEAR «X
VFe—m gt BT ERTEDLRTIE, F0EE
THLEKOHIESFRTHS. LirL, BENL
FHETNVE LTOFAZBET S 25, BEBR
FRlZ, XVHEEOHMAETHICALEZLOIEE
THELERDHB. FOL I RFRADEEDTDHIZII,
BEDFFAN—0F4x RREZBFRITHICET 4
ROEERAMLETHS. LirL, BT, 7—% -
MALBICEDTRLATEY, S#OF—F0E



BB LUITBHETNAVHRORELHA/THLZER
K&,

ETIZT, UTTE, BRTLHIBEELZ L
BTE, PORERRIEHIBEORENELND
AL H V2 D REBRANCHANDSHEEE W
<ohdbifTsL.

(1) HEMERRERTBETILOEA

DUE, DUO O & %Ik LT, FIAFEORKRR
TEETVERERNLDBREA» LT V¥ A58
EFNMIESWERERNBRETA~EEHBIL
Eit, BREEZLNAIUEERTHS.

DUO xtiis$ 2 “BhfY 72 iR 60R RAE 571,
BETHLAZICERTETHS. —F, DUE IZHS
15 “BOLRRERGTAEHERSL, TTAEE
EIRbRE LW, TOBERMMRTO— &Ry b
U— 7 KRISARERNERAT LT Y XLA0BRIIE
RCREETHS. %2, DUE OL3IC KASIE
B L ONBRERARET, Fe REEDIERS
HiEbo7u—ORETEHEELRITHERLR2N
APMEZEMECTS. LiL, S$HNRRERNNE
B LTRERPOARRL 2 VERSLTVS
(FIZEN1BR) ZL%EET 5L, DUE BRI
MNTAERBLVER L EBICIE, BRATELER
LB EBHBFTES.

2) FIAEDEE/ FEOHRA

BRI Lo TR 2FEEE L 50T,
VAT AEFIAEOMCOEMMREEERALER
TAVERELBEASS. TRbb, YATAIZX
STRESNABRIHTIHAFOEZTEH L E
NICHRE L BEBBOEETH 5. /MKR[49,5004%,
BHRTTVERET CAEMHREROSBER T
OREORMBELERL - MITLTWS. 4%, Z0k

DRMHELELY —RELTH T e BHFEEIhS.

EEL, ZokdRRROKEE, BHRICELET
FUARR - BT E ORI E L WEL RETFNVEE 2
BIEMTE, K—8 - TEORRBEREL LT
HEE L 2 BMAR DB, T, TOXDREMERR
MEEALLETAVE—RRXy b U—7 TERHIC

BTTHZ L1, BIRTHE, BLAFRENTHS.
el 5, MBLRry b —2 BT EBHRORES
bV M, BESZHERYI=L—V s VERE
ERBEWVWIRIRT7u—FOENRZOBORE
BEA~DEE L 25 hb L.

Q) PRAFLREBOREEEHEIOER

Q)& BEET ZH, FBESFRULHAEORS
EHETTOVAT AREORXEHRIT OV TDELEL,
FHETNV - FRIETALONThOBETHLEER
BRETHD. 18R, #POZAAEHERERIOREM
B EIT-EHERNL 225208 (i
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