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RBEREAFTHEOOBRAAIEIE, HHbbEbns) BEBEHAEN 85.6%, AT
FIRE I 89.6% T, MiE &L 85%LUE LIFFICHEWEIAE Lo, BEIZGE L RFEOMHEN TER TOBR
RENBMBELRETHAS.

4. BEFEERETIOHE

4. 1 XAFHRERTHETILOREL



AHI T, ZOBFESRIRITEIE T L OfE b L, ZHUTH WD RP, SP 7 — 7 OBIIE (Z DWW TR 5,

TTNAORERICE, BAOGEFERIRITEE, BBHTELFRT S0 - ~ A2 T E2FIHT L0002
M OB ORI 21T ) ZHHRIRTHD LIREL, vy FETFAERFALE. 212L, 58T
BEVE, B (BEDAH - gL R), N20 3 BEICHELEZ. £/, KRITOBSESHETIR
BADOERBREMEIR 2D LBEXLNHDOT, BERE L ALELETU L OMABEEERTS.

RP 7—%7 & LTiE, EBICIToMMRITICR LT, FIA LIZGBTE, FRITHM, MRITEARED L
Uy 7REREAOHERERETHY, My 7BECEL T, @ERRL WA GEFER &
UCREFEICOVWTEEZEEZHB TS,

SP 7 —45 L LT, IBORBIFERIZMICH LT, RBFEOEFELZEL D0 [ED XS xE
FRICEET D070 TZ0OBBIZEARBERICLZH0O0) REDRZEEZB TS, 22T, KillE
RSN DREFRPOREFERICEET S LEELEBAOT =4 A, ZO@EAN
RBFBREZEE L BAL o BRONBICE>TRP F—4D MY v 7BHEZLEILESET, Fhe
SP7F—Z L LTHS. 2FY, BEITEBHE FRITEEM=30 2) 2FALTWAHEAN, HBEHEEHIC
L DBNA 20 53D8F, =2 T (FRITHERI=4043) ICEET B/ —ATiE, HEE (FRITRFM=50 %)

vs. 7 A N7 (FRATREREI=40 %)) OBIRICTRD. FOMDr—A%F 4. 1I1T5RT.
k4. 1 SPF—40OHES
BEFARBFE | EEERBTE EEHEH
r—2A1 |BBHE ~A KT EEBEEICE BN () &
r—22 |ABhHE <A KT ~A BRI () HEKEE!
y—A3 |[wA+F SRk <2 MTOENY () &
b—24 |=A KT HENE HEEA () HEMETE?

HLE | EERIRGHC KD, REFBCHS A b T ORITRATE DM A DIIFITHAD L 0 bV
Lo A,
HIE 2 RIS LD, REFETH S BBEORITHMAZ OBAOMEMRTHEL Y L&

ot

KIZ, BEBFERODABEICEIT 2HEBEOHFELEITD.

B ENRZ I

Vear =By +B5X,

Vraw =B +B3X; +B,X, +BsX; 4.1)

Vpus = BsX; +P4X, +BsX;

.z,
VR OMHER X, 1 77t AR B . k&nT A— &
X, EPARRITERRE X; 1 A7 L RAKER
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p IR ]
Vear =By + B3 X, +B,X, +B:X;

Vear = B, +B: X5 +BX, (4.2)
Veus = +BX; +B:X,
atball At
V  SAomEEE X, (50K S I— X, T U & AR
X, BEFI— X, . HANGRATRER B RmNRFTA—H
4. 2 HEHER

AIEIDE T L ORBEIZE ST, RPEFL, SPETFIL, RPSPEFNDNRF A —ZWELFNE
NToTl. ZOWERERER . 21587,

FATERICET 2BAEEBREDET AL A TWRVO, BEGETREANBE B SN D
EZZND T HIGRFERINET BRI KE LERIC @b&w:a&,¥%k§@$®MﬁE%m%®
Eﬁﬁmainbkwﬁmwa,Wﬁ%ﬁzvzb7®ﬁ%%#kbf%kbfﬁﬁ%ﬁof%ﬁ%
RRERDBEONR ST LBBATETANLBRA L. 2L T, 47 L ABBARLERZROET IV
KEERTWRWDIZ, BHONREATROFLE THEEHRICLTHY, MEMELSECHT
EREABRDER, N2ADEEFPBEEGEET I ENLA T L ABMEZTRTOAR 0D THS EREL
TWBH7HTHA.

RP EF/MACRKWT, HEINREEEZ R TALD L, BE) - B ﬁwTh%iWﬁﬁﬁ%mﬁ@
IRREHEZ L 5 TWD. ED—KHT, 77 EAREMORET, BRERBTRARRMELZLEY, TOKRE
SHLENRITHMOZNLERETHY +0IBAN 2/H-> T\ 528, BEZATIIAELEEZ K-> TV
D, ZHUT, BEPRSGRICEWTIT 7 EARRBEL Y b4 F L ABROFREAORIFICEELRERTH
5Z&, DEY, HEFEHOE IR - BEFRHINE I PINBIROERDFICL>TWAI L ERLT
Wh. FhL, BENRITRBORKELEERLT, 47 LABMOERNR2 Y REREEZR->TWEH I L
MmMHOLEMITIONS. BABKICELTL, AERBTREOCHE TARICR-TERY, BML 50 &
RMONZEBERIFINIERARDH D Z ERBD05. BEESRIZONVTD, 2 2OF I—%2EFL
Kﬁlbf%m%ﬁotm,wTﬂw%ﬁﬁ%ﬁﬁﬁﬁ%WbT,@AE‘_Iéﬁﬂ@&“%ﬁ“t
TILIXTERDSTEDBRALTHS.

RPEFNE SPETNELET S L, BEEHETHLRL T, ERNRITEMOEREN 258 k&L
o TRY, MOBRAELTRTUIONWT, ZORBOFEMBKRLNDE L W HERHS. Zhi,
SP 7 — & OIERRDBRIZ, RP 77— % OEPNHITHRICZGEIERIC L 5BERRR, ERIEMABEMICRL
720, Bl LcZ &ic& D, 2 DOBIRBEOENKITEHEMOIEL DENMKREL RoTLE-I
BRERTHZHLEZAOND. EFAVOBEEELTFTEOLIEFIC I VA, ERRITHEMISTTRE-TL
W, MOBERBEIRICEEL RITIRVEDETF L E L THETESL L OIEHNATE 5.

RP/SP EF N TiE, BREDEZHL L EZOFNEEEL COABERSBN. Ar—n T A—
Zix, SPEF /LD RP EF | ﬂf5x7~w%§bfm5m,_@ﬁ;0ﬁﬁ BOSPETFLDT
U AEOEEREIIRP EFADK3IHD 1 THY, FEA BIIH25D 1 THDHZ En’bh
5.

11



£4. 2 ETILOHTER (LE)

EENAE FLE2SH

Variable name RP SP RP/SP RP SP RP/SP

RP EHIH (H) 1.47 1.55 -0.77 -0.66

2.7) (2.9) (-1.8) (-1.6)

RP E#H (8%38) 1.13 1.04 -0.86 -0.90

2.1 (2.0) (-2.7) (-2.8)

SP E$IE (&) -0.97 -1.05 -1.99 -1.46

(-0.6) (-1.7) (-1.0) (-1.9)

SP EHCE (g6E) -0.56 -0.04 -1.09 -0.40

(-0.4) (-0.1) (-0.7) (-0.5)

BHL I— 0.80 0.81 0.76

(2.9) (0.5) (2.9)

50 R4 I — 0.61 2.66 0.64

(2.4) (1.4) (2.8)

B PNRAT BT -2.69 -4.02 -3.20 -7.11 -18.1 -7.14

(FEFE) (-3.3) (-3.3) (-4.2) (-8.9) (-2.4) (-9.0)

T 7 & ARERHE -1.26 -2.43 334 -7.82 -5.71 -6.67

(RFF) (-0.5) (-0.4) (-1.8) (-4.1) (-0.7) (-3.6)
A -6.90 0.43 -4.41
(FFFE) (-3.9) 0.1) (-3.2)

Adr—)b 3.28 1.93

NRTRA—H (2.3) (2.8)

L(0) -201.66 -33.96 -275.40 -315.31 -49.20 -421.33

L(B) -117.86 -17.30 -149.60 -226.59 9.09 -274.57

p’ 0.416 0.491 0.457 0.281 0.815 0.348

p’ 0.409 0.441 0.446 0.278 0.746 0.342

N 291 49 340 455 71 526

5. LBITBHEBOETILLH

5. 1 RPEFNICKDETAVTF—Pay

4. 2EHITHELLZRPETAVEFALT, KBERICL IREITHERENDEROEEILLE~—YF
Y he®TALT = a BT ZOBMNE, EEEROFBICLIERAEEROEVEZH LI
THILENTERVNEEL, RREFAMICLVENEERMIIHONTHILICHD. ZORERERS.
LISRT. 2k, B8 - BRBGREE LI 2 20 T AENOEGHBLEDFNITE LL 2o T AN
DI, EIEFAENRFETDI-HTHS.

BETNTAT—NLORE IBRRRDI1H, HESN-REELEMICZEORE S THRTSZ LI
TEERB2VE, ZRERDETVAOEEMEEZ RS TOARMIEOLE R > THEE RV T2 L
TRETH D, BEERBOENMRITRR & A 7L AKM, ABEZBEBOENIKITEME 7 7 & XEEO%EHK
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Mok ERA &, BEZSETH 13 (BRAEY) &#41:36 (BEEL), MUSEFELZETHI:0.8
LRI 15 LV ORERICRS. ThIFREASRE b, BEERS D ADHRENFKITRREZ BRT SHEM
WhHLELbRBILNTES, 2FY, MEOEBREOERDPERDZENEZLLND.

FOMEHMIEL WA OAHT-DIC, BZ AL MIHTEEFRENDET VOFRERT A —F D%
PEOREE LEHREICL VITFo. BREES. 21577, BB THIZBOTHHRET A
— 7 DA E BALE S%TEHENE. 2FVEERBOH DN L RWADORFIIZHEEREDN D
HLBEZOLNB.

%£5. 1 ¥4y b-EFA0F—2avniEER (til)

B FLERA
variable name 2K LAY ML 21K : HY ML
EHCR (H) 147 .+ 135 1.42 -0.77 1 -0.38 -1.20
Q7 + (19 (1.7) -1.8) 1 (-0.6) (-1.6)
EBOE (BH) 113 1 037 1.68 086 | -1.04 -0.81
@l ' (05) (2.0 27 ' (23) (-1.4)
By I — 5 080 1 074 0.74
: 29 (.0 (1.6)
50 RS I — E 0.61 i 0.45 0.57
E Q4 ' 13) (1.4)
B RAT RE ] 269 1 298 -2.82 711 643 -8.18
(B5R)|  (33) + (:2.8) (-1.9) (-89)  (-63) (-5.9)
7 7 & ARER -126 1 -2.40 1.83 782 1 -5.03 -12.2
RS  (-05) | (-0.8) 0.5) 41) | (2.1) (-3.4)
£ 7L ARER 690 | -4.24 113 |
)| (39 ¢+ (-2.0) (-3.3) !
L) -117.86 © -63.74 -47.15 222659 1 -127.25 -84.00
P’ 0.409 ' 0432 0.390 0278 ' 0273 0.297
N 291 ' 166 115 455 1 255 175

£5. 2 BESA—F0FHEORTE

REME BHEE Ao 0s
BENIRE 13.94 5 11.07
FLERIE 30.68 6 12.59

5. 2 transaction cost DEH

transaction cost (3|1 EA) &%, BREFONFTCLILAVONDEET, HHRIRMA 5HIDRRK
IZV7 b3 L XICHERBRBICEDLE 2 X N LIIBNICET SR O ETHD. FlAE, BER
DEERBIZHED, BloBLBEARZNIC S-S, RBEFEEEILOVTYH, transaction cost FET D &
EZzbhd. FERVEBATOWARVWERERZWSFIALL ) LI585, BBIENLHKBIZERETD
BE, FOFA YROBRBOME, HITHEOHNEDORENDAL B LEBARER, £k, KENLBE)
HIIEETIHAIT, TOBRKOBRLEILFOERORZNOLE L ZERALEEINLHOTHS. €D
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iz b, FlzIE, 120 49BNV 5 ] EEINTAYIZ 20 3B TWS LB D), LW ) ERAEK~D
BEETHD. BOEROBE, S OABRKEBRICEVITHEET LR, BOATEHIRE
HoTHWBENL LRV ERI ADBNDZ LT, BHIHETE S, 20X 5 e EBNRTEROERM
%, transaction cost (23 F4L 5.

A, BEE-> TOEGEFE, TORBEFE, ROELLD MY v 7 REL EBRFRCRRICSH S
2 ABNT, Z0O2 ACEUREFERES XL &I, | NIRBFEELEEL, b)) 1 NBEELR
Mol L WHRREIRET . D& H72R1%1%, transaction cost (2 X AHEBOHFAEEEZH I LIZK
DEHBATE A, DFE Y, Z£F L AD transaction cost 75, BE Lo ADZFRIZEE~/NE Dol
THhIL VO THS.

transaction cost IZEAAIC L > TRAEY, FEEFLEORBFERICL-THLERDLEXILR,
transaction cost Z EBAL - /W LT, b LEZDFEEOEBMRF MR Z N TEIE, FHRIEMS
BEZDZEBOHMETHLDOT /o —FOOLIIRDIITTH .

5. 3 transaction cost MEELL
ERILICAWVWDET—#i3, 4. 1HERAUFETRP T—2O M) v 7 BHEEMI L SP7—4 T

H5B. IEL, BEEHROGRERIC AN~ - T K F4F (P&R), ¥A -T2 K+ 74 F (K&R)

EFIAOUMR b DIL>TWS (K5, 38H).

5. 3 SPT—R2OIES

r—2A AT KR1% EREEH ¥ TN
(A) (B) BY) | AAFE
SP1 EEIE P&R BERBEICLDENS () & 3 13
SP2 EEE K&R EREEICLENLS () & 6 10
SP3 HEhE HENE | EREEICEDENRY () & 66 44
SP4 BEE <A LT | ERERICLAENLS () o 32 51
SP5 BEE P&R P&R 73 () H%E#E 0 1
SP6 BEhE K&R | K&R A () HEHsE 0 1
SP7 EEIE <A L7 |~=AMTI0 () DiEfE 5 11
SP8 ~vANT HEE |~AMJICE2ENRDS () & 7 13
SP9 <A N7 BEE | B8ES () 2% 5 14
| aft 124 158

transaction cost (LAF, T &B8T) 270 7 — MARLENLEFEBRATIZ LIIRETHIILD,
£5. 3OSPF—HFL, 4. 2HTHE L/ RP/SP EFLOBRE~RZ FABERNT, HBHBEAn D
LEEMOEFE A OMHHAV,(A) &, EEEOZETE B OMAEHAV,(B) ZHHH L, transaction
cost (T,) ODEEBILERAD.

T, 2Bt aRE, T,, V,(A), V,(B) 0BFREBOANCT I LICLY, BHTHZ LATE
5. A DENEEOBKICHEOCHAMETL, BAOEELEXBDD. LT, EEEEBRETD
ﬁmﬁﬁﬂmgnwﬁﬁﬁﬁotﬁuté.:n%,mﬁbt%@ﬁms.1?&5
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-
B ORI X 2 BIKT

i

A DA B O

Es. 1 T,. V.(A), V,(B)OB&

IhERTRTE, R G 0LHCT, 2HEHTES.

V,(4)=V,(8)-T,

- - (5.1)
T, =V, (B) -V, (A)

5. 4 transaction cost ORIEH

BIECERILLET IHMEAAT LICRZRY, £72, AUEATH, FOXI RZBFRIEETDHO
ML VREDRLEEZLNRD. LER-T, TNoOEFEERMICHOT T L2BLLT, T %
WAL L L-ERBOWE21TY. X G1) THESNWAT I, AFZ—LTHEINTRY, €
DIEOKE SOMRBEE L=, T 24, 28 THE L RP/SP EFVICEKIT S, EAMATRREO
IREMEDOIESHME TR L, FRATHR Z — A ICE L= b O R HHAE R L L TTo . ARSI, R5.
BITRLEEr— A% RbT 4 I —FH GRETIZSPT 2, AERKETIL SPS % 0 ICEE), HEFIA
LTV AEGEFROMRITHR GBh - EHEEME S X RVARITRE), RUFEE, Mk E0fAR
MERAWE. HERERERS. 4I1TRT.

SOEYRRIT, &SP ¥ I — L EHEOMMR SP F—F ORBEAZ L OEHELRLTRY, T ThE
B LD BT ST WD, BEENH TIE, SP2 #BRTRTD SP FI—PFETHY, 17
A—ADEERBEVA N INLEBE~DEELTHEEOT, 23, flOEE /N F — (AT RED
LM E R oTWA., AETRARVS, FELBERASAEGEOHICLEASbDLEEILND.
F72, BEFIA LTV AZSRFRORIATHERS, EVUARET, BREVWI L HbDN5. BARKEOH
EXRBRLEBBTHTHD, BUES I—, SOBKKS I -0/ 7 A—F b HETIIRWVWA, BARNKE
CEDBVERWET L 2R TELAREENTDICHH L2 RTIENTELLEDRS. L L
RS, EFLORELRT R2OEAFERICEN BICRERE) LVWOMBERZEBATVWD. I
3, BEUARHBAEEEAND I ENTERP I BRLRERERTH S L BEONnD.
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DEZFEH L.

#£5. 4 BERIHOHRER

variable name 3 B AT 3 LG5 A% 5
TETE 23.9(-2.9) -24.0 (-1.1)
SP1 # I — 23.4 (2.0) 25.9(1.3)
SP2 %' X — 7.73 (0.8) 11.0 (0.6)
SP3 #' I — 31.4 (4.2) 253(1.3)
SP4 ' I — 19.9 (2.6) 24.3(1.2)
SP5
SP6 & X — 16.0 (0.6)
SP7 # X — 10.6 (0.5)
SP8 & I — 67.5 (7.0) 37.1(1.8)
SP9 &' X — 38.1 (3.6) 18.8 (0.9)
WERATRER (43) 0.266 (2.5) 0.745 (5.9)
BHES I— 3.96 (0.9)

50 RS X — 3.06 (1.0)
R* 0.460 0.267
R? 0.422 0.217
N 124 158

(FE : BREIASAICIZ, SPS, SP6 D 7Ly

THERDIZ, T, OOHOBRNLERIBHRODREEZELI L THD. £5.
NEDHPYVGELIBZ D Z LR TERND, BERITEREIZ 40 4
FOREREY, K 5.

TONEFNZED,

4 =1 T3,
EEAAZ—TLIZT

P, BEOBRFHEBICRRYETETS SP3or—ATiE, T, 0EZ25HET 2 LBETKH 18
HETIIN 30 D2k s, DF0, 2EOEBRNBZVEEEFAL TWARENDL, B TORWERE
~EBELARVEWND Z LT, B, TORENHETVEL L, BERBLEOERICESHRTH2WD
BN ARERBICZEOEMBREN LS. Lo T, 54 - 10 5REDOEBNICET S ER
ERHELTH, ZHIEH LTRSS A—ZhEVBELARL, LA, FHPLILEREDIERFIRA
B Lo TALBAREBNEELZ, NOBYRARBERE~OFELITI FRPROTIIRVNEEX
Hid.

KIZ, BRIEXBEORFVEMEICEEL, 22hb~X b7 2FAT5 P&R OFEREITHT
D IEBmIBUH ORI :olnf%ié LT A. FIT, SPLE SRR OT, OEICERTHE, TOEZR
3EBETHIS S, BETITHI3HIZLEPERDEMBKER LD b REL RoTWA. ZOEDEKRT
HZH01E, FoTCELHBEFEHEL TBINEINDENTHY, Hizmwxm@%b)ﬂﬂémw
ZRT IS ENA-OELELXLND. LER-T, FAHEOBBBOBRAT - B4 - IRMERREFICHET

HERVEINCEZONNITZ OEIMEBE I N, PAR OFAREICERTE S L Bbns.

T, RICHDLBAER, Z0FSF7T7E2L2ENICRS L, YA M TNLBEBBEIZEETDHLEOD
ERKEL o> TWAILIZENML. Tht, PRROBAELFEL & 5 ICHEF*MHIRET I L ORES
WAREXZERTHDEEZLN, BT, WEOHLETIIEEGORMENELL, KRIITS 2 LDE
WAEASEDOBRAIIRIBE L TIIRWES S5 L LAenRns, #OMNOERESOIARR BIFICR
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R3H Y, BEHGERORMEOR THMHETEHRBETRRZNERDNS.

coE5, T OMELEE AL —  TLICRTW ZEICL2T, QLD RIEREZEINE, £OX
SRR RBENDNELEZ TN ZERTTHRTH Y, BRI ODRE IV T DBROBHI 2T 7
n—F LAEDTHIENTED.

SP1 (HE#E—P&R)

SP2 (HBE—-K&R)
SP3 (RRHKHE)

SP4 (BEhE—-><vZ 7)

BB ENE

SP5 (HENE—P&R) 2 FhERAE

SP6 (HENE—K&R)

SP7 (HB/E—-<RZX7F)

SP8 (A NT7—HEH)

SP9 (=X hT—-BHEEH)

-20 0 20 40 , 60
(43)

E5. 2 EENRE—2ITLOT, OE (BIRITHEREA 40 5 DIHE)

6. 5w

6. 1 AWROHR
ARROERL LT, UTOZLBRFETOND.
1) 7rhr— MNREOEHMIETY 2 LICk > T, EROBERIARRS, ZBTHEL, &
RENHHEBOMEE, L THER~OILBEREALREZEET LI LN TEL.
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2) RPF—# &MVl FERIRET A M- T, GHEHRIEH L2 FREFBEROAET, &
T AT —va LRI, W EOTFERIRFH I 23T O & REAHRVICE L 7C.

3) FELFERI A D transaction cost DA% FHA L7z, £ L C, transaction cost (Zi3, A X7
FTENRI— N L DEBEVRFET D %%, RPSP EF L EFE-TERIL, BERBFBSITICLD
SR EAT o 72,

4) AFFZEOPTO transaction cost DML, HEICHELRBREELBLZ LITTE Ry oh, &K
H/H—2 Z & O transaction cost DEICHEE L, 1EMIRHENI 5 X BPRICHOVTN L DDELE
Eiiotz. Zhit, SHOGEEBRY AT AONROSN 2T DO, FzmB R ERT LT
LEZD.

6. 2 SHORE
L% ARFFECHEZR LT transaction cost 12 £ B 7 7 u—FOkEEL L, FhdRWEREEODRE

SHTEFIREIC T D HIEMEREL T 57-D12i3, UTORENERINTND.

1) transaction cost DE &{L%E 2 DO BFEDOIHEHHOMEEDETRT L WD, lERFIETIT
STHRVWONE IS BEETDOLENRD 5.

2) transaction cost (2B % RIFTHALE L, T—F O TELETELEDLIZLICLD, LV &
FEET, SHANCENOMBEEND.

3) transaction cost DIFFE A& 2 HBF & & Z 72 BE T, RIBDOEHRBMEE T TOBIEFROFTETH
ICEDEIRBEBVBELDZOPRIEL, ZOT7T7a—FOFRAMEHENPDDILENRDD.

HEE

FRETHEA LT — 4 2R BH L CT & oA B BHFEREHHESEFRIEROT 2, Z

DHEED TIRSEFZLET.

P

Y
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ZHE, BEE R, NIE— —BCESEEE AV B ERBHROZEST FIEICET DA
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ERRRABOREHEE L -HBERRETIVOMSAEL
BALFIvONR—9F7 2 54 FITBIOSH

1. INTRODUCTION

Discrete choice models such as logit and probit generally use the linear-in-attributes utility
functions. Such models are called “compensatory model” in the sense that a low score with one
attribute (e.g., high travel cost) can be compensated by a high score with another (e.g., low travel
time). The linear-in-attributes models have been successfully applied for both theoretical and
practical fields in transport demand analysis due to their computational convenience for both
estimation and prediction. And also, they make it easy to interpret the individuals’ choice
behavior from estimated parameters and leads to straightforward and handy procedures for
cost-benefit analysis.

Furthermore, they are applied not only for mode choice but also for the situations with high degree
of freedom such as destination choice of sightseeing trip and activity choice. Choice situations
with explicit uncertainty such as route choice under the advanced traveler information system are
also analyzed. In such situations, heterogeneity in decision making protocols takes an important
role.

The compensatory decision making rule, however, is merely one rule in numerous decision making
protocols. Many researchers mainly in cognitive psychology and marketing research have been
suggesting that alternative decision rules such as non-compensatory and sequential decision ones
are closer to the actual choice process at particular circumstances than the compensatory decision
one (e.g., Wright, 1975).  Although most of those suggestions are derived from the observations of
actual market choices of commodities and consumer durables and of hypothetical choices in
experimental situations, the ideas can be extended to the decision making situations of travel
behavior.

This paper aims to propose a methodology to describe the heterogeneity of decision making rules
across individuals considering not only compensatory but also other decision rules. More
specifically, with the use of the detailed information in the data source on decision making rules in
the mode choice context, the objectives are:
1) to investigate to what extent the compensatory rules represent the actual choice,
2) to identify alternative decision making rules than compensatory ones,
3) to model the alternative decision making rules which can easily be implemented in the
ordinary model,
4) to develop a model with explicit consideration of heterogeneity in decision making rules
across individuals, and
5) to analyze the model performance and compare it with the existing compensatory model.

2. LIMITATION OF COMPENSATORY DECISION MAKING RULE
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Compensatory models may be theoretically and empirically inadequate mainly at the following two
points. Firstly, the decision makers in such models are explicitly or implicitly modeled as “they
evaluate all the attributes of all the available alternatives simultaneously, and then select the
alternative with the highest utility considering trade-offs among all the attributes”.  This
assumption, however, may overestimate the human beings’ information-processing capabilities
particularly under the choice situation that includes a large number of alternatives or attributes such
as destination choice and route choice.

On the other hand, there exist a wide variety of decision making strategies that have been proposed
in the literature in consumer behavior and psychology (see Bettman e al., 1991 and Payne ef al,
1993 for recent comprehensive review), and they have suggested that individuals employ more
simplified decision rules, such as the satisficing concept of Simon (1955) and non-compensatory
rules (see Foerster, 1979 for the review of typical rules), to avoid the search costs associated with
the gathering of necessary information in the above situations. Particularly, hierarchical or
sequential decision rules such as lexicographic and Elimination by Aspects (Tversky, 1972), where
alternatives are processed attribute-by-attribute, is considered to be closer to the actual choice
process and supported by empirical findings in a number of studies (e.g. Wright, 1975). In
transportation research field, Recker and Golob (1979), Williams and Ortuzar (1982), and Gensch
and Svestka (1985) indeed propose the models that apply the semi-ordered lexicographic rule, and
show their efficiency in terms of the reproducibility and predictive accuracy compared to the
compensatory model.

The second point is about the predictive performance of compensatory models. In the policy
analysis using a compensatory model, even trivial improvements of transportation services, e.g., 10
cents reduction of bus fare, increase the share due to its linear-in-attributes structure. However, in
perceptions of attributes of the choice alternatives, there is considerable evidence in psychophysics
that an individual’s perception is characterized by threshold or cutoff value called “just noticeable
differences” (e.g. Giulford, 1954; Svenson, 1996) to cause travel behavior changes. This concept
is also supported in transportation research field by the studies of Krishnan (1977), Recker and
Golob (1979), Williams and Ortuzar (1982), and Gensch and Svestka (1985), where Krishnan
(1977) introduces the utility threshold, and others introduce the attribute threshold. Therefore, the
aggregate share for the change in attribute values must show more complicated performance due to
the threshold effect. If this is the case, the smooth prediction by the compensatory model may
mislead the policy analysis.

Unlike the large amount of theoretical developments and empirical evidence for non-compensatory
decision rules and attribute/utility threshold, their applications are very limited except for the fact
that conjunctive rule is often applied to describe the choice set generation process (e.g., Swait and
Ben-Akiva, 1987). The main reason for this is the lack of the statistical estimation techniques for
non-compensatory models as accessible and easy as MNL model. In addition, non-compensatory
rules such as conjunctive and disjunctive cannot necessarily produce the unique choice. On the
other hand, various efforts have been taken to mimic non-compensatory process through the
functional form and parameter vectors in the compensatory utility function (e.g., Johnson ef al.,
1989). The well-known models such as Random Coefficient Model (Daganzo, 1979), Mass Point
Model (Nishii ez. al, 1995), Mixing Distribution Model (Hensher and Wringly, 1986), and Latent
Class Model (Kamakura et. al, 1994) can be also interpreted as the examples of those efforts, where
the parameters in the utility function vary across individuals. Those models, however, are still
based on the compensatory structure, and the effect of omitted decision rules and thresholds are
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included in the random component of utility function. Williams and Ortuzar (1982) verify
empirically the inconsistency of the parameter estimates that can arise when the decision rules
adopted by individual decision makers are misspecified. Furthermore, nonlinearities in the
compensatory utility function makes it difficult to interpret the behavioral features through the
estimated parameters since it implicitly includes underlying behavioral causes, such as the effect of
different decision rules and thresholds. Therefore, it is strongly required to develop a flexible
methodology to incorporate the various decision making rule and threshold effect which permits to
isolate those effect from other sources of nonlinear preference functions.

3. OUTLINE OF THE DATA USED
3.1 Survey Design

The data used in this study is on the mode choice context and was collected in Nagoya, Japan, in
1997. The survey was conducted to investigate the user adoption to the dynamic park and ride
(DP&R) regarding hypothetical shopping trips, where origins are in a suburb area and destinations
are at CBD. The respondents were requested to give their choices whether they would drive
directly to CBD or do the DP&R according to the information supplied by the variable message
signboard.  Attributes given to the respondents consist of travel time, travel cost, the distance from
parking lot to the transit station for DP&R, and the parking congestion level in CBD. Seven
hypothetical scenarios were provided for each respondent as shown in the Table 1.

3.2 Descriptive Statistics

This section presents the descriptive statistics of the sample used for modeling purpose. Figure 1
presents the fraction of reported choice patterns in SP experiments described in the above section.

We can see that 29% of the individuals reported that they would always choose car through the 7
hypothetical situations indicating that they may be captive to car or they are reluctant to change.
Also, 10% of the sample population seem to be captive to DP&R or they either attach great

Table 1 _
Examples of level of service variables in stated preference experiment

Travel Time Travel Cost Distance from Parking | Parking Congestion
(min.) (yen) Lot to the Transit Level in CBD
Car |DP&R | Car | DP&R Station for DP&R
Q1| 40 20 500 500 Far Fully Occupied
Q2| 40 30 500 1500 Near Few Vacancy
Q3 40 10 500 900 Near Vacant
Q4| 30 20 500 900 Near Few Vacancy
Q5| 30 10 500 1500 Near Fully Occupied
Q6| 30 10 500 500 Far Few Vacancy
Q7| 30 20 500 1500 Near Vacant
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importance to travel time or avoid parking in CBD.

Other 61% of the individuals reported they would change the choices according to the situations.
4% of the individuals reported they would choose DP&R only if travel cost for DP&R was equal to
car’s implying that they are travel cost conscious. 7% of the samples would also drive except for
the situation where parking lots in CBD are fully occupied. Also, 6% of the sample population
seems to be travel time conscious since they reported to use DP&R only if DP&R is much faster
than car. From these observations, those individuals may evaluate the alternatives not in the utility
level but attribute-by-attribute with some cutoff or threshold value. Regarding the remaining 44%,
they can not be classified into a group in which decision making process is seemingly rule-based
since they evaluated the alternatives with respect to at least two attributes, they are likely to adopt
the compensatory decision making rule.

Accordingly, we can reach the following two hypotheses:

1) there are two types of individuals: one is captive to one mode, while the other changes the
choice according to the service level,

2) the latter can be classified into two groups: one adopts the sequential decision making
process with some cut-off or threshold value with respect to their important attributes, while
the other evaluates the alternatives considering multiple attributes simultaneously like as
compensatory decision making rule.

O Use only Car

B Use only DP&R

B Use DP&R only if (DP&R cost) = (Car cost)

Use Car only if (Car time) - (DP&R time) >= 30min
Use Car only if (Car time) - (DP&R time) >= 20min
Use DP&R only if parking is Fully Occupied

4% O Other

SN 29%

44%

7 10%

7% 20, 4%

Figure 1
Reported choice patterns in stated preference experiments

4. MODEL DEVELOPMENT

As suggested in a number of literatures and the choice statistics of our empirical data, decision
makers often adopt non-compensatory rules when only a few attributes are considered to be
important. Specifically, the sequential decision making rules with some attribute thresholds are
very commonly observed. One of the most intuitively reasonable ones is the semi-ordered
lexicographic rule proposed by Coombs (1964). We, therefore, adopt this rule to represent the
non-compensatory decision making rule.

Firstly, some notations and assumptions are introduced to characterize the choice environment.
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of I, feasible

alternatives available to individual. Then we assume that each alternative can be described by the
set of M, attributes. Each individual may have a different importance rank of attributes

Consider a decision maker, #, faced with choosing an alternative from a set, C

n?

associated with these attributes and a, ={a, ,a,,, -+, a,,} denotes the individual »’s ranking in
descending order. This ranking, which is assumed to be invariant across alternatives in C , is

‘n>

used to determine the sequence of attributes through which the alternatives are processed.

In the semi-ordered lexicographic rule, decision maker is assumed to adopt the standardized value
Z.,.» which represents the relative evaluation of alternative / with respect to attribute a,, by

individual » compared to the most desirable alternative,

n

opt (Xka,n)_ Xia,n

keCy,

ian = opt ( Xka,n )

kECL"

()

where opt denotes the appropriate maximization or minimization (e.g. maximum “comfort” or
minimum “travel cost”, etc.). Equation (1) can be directly applied if X is continuous variables.
For the categorical or dummy variables, Box-Tukey transformation can be applied to transform into
continuous variables:

(X +a) -1

7 , X+a=20 (2)

where A and a are unknown parameter. Handling of a categorical variable is described in the
section of the empirical case study.

Next, we consider the threshold values in the semi-ordered lexicographic rule. Denoting the
threshold for attribute a, for individual n by t,,, the probability of alternative i being rejected

a2

with respect to attribute a,, by individual n, ¢, (a,,), is expressed by,

1(a)= protfz, >, o

If we assume 7,, to be log-normally distributed with mean v, and variance ( 5, (because Z

by definition takes non-negative value according to equation (1)), ¢, (a, ) is given by,

In Zia n Mg
qin (aln) = ¢[——-I—IIIJ

O-t'l
iy 12
H, =lnv, —30, 4)
o, =1+
[ v
aq
where
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&(-): cumulative distribution function of standard normal distribution.
As shown in Figure 2, the smaller mean v and variance { imply the value of ¢ closer to one,
which indicates that the alternative will be rejected with regard to the attribute of interest.

A A
1) /()

Pr ob(Z > r)

Figure 2
Relationship between threshold and the probability an alternative being rejected

We next consider the situation that a decision maker, 7, is processing the alternatives with respect to
the /th important attribute of his’/her own hierarchy. Since whether each alternative is rejected or
not is probabilistically represented, the set which he/she faces on processing the /th attribute, C,,,

is also expressed probabilistically. Given his/her own hierarchy, a,, the probability that an

a), is expressed by,

individual 17 faces the choice set C,, on processing the /th attribute, P,,(C .

1::1 (CI n

o)-| I )| 1 i-fla )} ©

keCy, J=1 keCy

where
2.I-kn (aln) =1- qkn (aln) :
Given a, and C

“ln>

the probability that alternative 7 is chosen by individual 77 at importance level /,
P,,(iIC a,,), is expressed as the probability that all alternatives but i in the set C,, are rejected

In’

with respect to attribute a,,:

Pn (i‘CI.n ’ (l" ) = (701 (aln) 1_[ (7kn (aln) (6)

keCy, k=i

Considering all possible sets of C,,, the marginal probability that an individual » chooses the
alternative 7 out of universal set C, at importance level / is expressed by,

n (j a") = ZPN (i

P a ) ()

Cl.n ’ an )})n (Cl,n

Similarly, considering all importance level, that is, from 1 to M, , the marginal probability that an
individual » chooses the alternative i out of universal set C, according to the semi-ordered

¥

lexicographic rule, P, (i|an )Lex, is expressed by,
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There exist some situations where more than two alternatives can remain after all attributes are
processed according to the semi-ordered lexicographic rule. In such cases, decision maker is
assumed to consider the trade-offs among all the attributes of the remaining alternatives represented
by linear-in-attributes utility function. Thus, the proposed model includes both compensatory and
non-compensatory rules within a single framework. Considering all possible sets of C,, ,,,,

which represents the set of alternatives remain after all attributes are processed, the marginal
probability that an individual »n chooses the alternative i according to the compensatory rule,

P,(i

ont .
a,,)c , 1s expressed by,

a,)

©)
)

P i

Com .
an) = Z[)H(I'CJM"+],n’an)])n(CM,,+].n

CM,,+1.I|

_expl,)
C’%n zexp(l/;") (M,,+1n

ke CM,,+1 n

where
V. systematic component of linear-in-attribute utility function.

Accordingly, given the importance rank of attributes a,, the probability that an individual »

chooses out of choice set C, is expressed by,

n

a,)=E,(jla,) + P,(la,

Since the hierarchy of attributes may also vary across individuals and is often unobservable for the
analyst, it should be probabilistically modeled. The latent class approach (see, for example,
Kamakura et al., 1994) is employed to incorporate the heterogeneity of the hierarchy of attributes.
Suppose that Y* denotes the membership function that determines the importance rank of
attributes. Y can be represented by a linear function in individual’s socio-economic
characteristics:

P i yo (10)

n

+¢ (1)

a,n - a, a,n Samn

where
Y, individual »’s membership function of attribute a,,

an

I’ : unknown parameter vector

a

s socio-economic characteristics of individual »’s

ﬂ,"

¢, . error component of membership function

an’

Assuming logit type membership probability, that is, i.i.d. Gumbel distribution for ¢, , the

an?

probability that individual »’s first ranked attribute being a,,, O, (a,,), is expressed by,

n? ~n
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0,(a,)= M

7 (12)
Z exp(Yaw)
k=1

Accordingly, the probability that hierarchy of attributes for individual » being

a,={a, a a,, ) is expressed by rank logit model:

nr Yoy 7%

0,(a,)= exP(Y aTn) y exp(Y o ) . exp(Y;;’_'")

*

B v 13
% exp (Ya*n ) i exp (Y a*.n) exp(Ya“"" ) + exp (Y"M") ( )
k=1 k=2

Using equation (10) and (13), the marginal probability that the individual » choose alternative 7 can
be expressed by,

B ()= R

ay,

a,)0,(a,) (14)

This model is general since it is equivalent to the non-compensatory lexicographic model when all
the thresholds are equal to zero, and is equivalent to ordinary MNL model when all the thresholds
are set to be large number. Unknown parameters in the utility function, membership function and
the threshold of each attribute are estimated simultaneously using the maximum likelihood
estimation method setting the probability in equation (14) as individual’s likelihood.

5. CASE STUDY
5.1 Estimation Result

Using the data described in the previous section, we estimated the proposed model. The degree of
freedom of the model is so high (considering the combinations of the hierarchy of the attributes and
the alternatives’ being rejected or not, two alternatives with four attributes produce 64 patterns of
heterogeneous decision making processes) that we estimated a specific form of the proposed model.
That is, the semi-ordered lexicographic rule is applied only for the most important attribute.
Assuming that, it can be reduced to 5 latent segments.

The explanatory variables used are defined in Table 2. Regarding dummy variables, “Distance
from Parking Lot to the Transit Station for DP&R”, we substitute 1 for X in Box-Tukey
transformation with Fully Occupied, 2 with Few Vacancy, 3 with Vacant, and 4 for DP&R option.
Similarly, regarding “Parking Congestion Level in CBD”, substitute 1 for Far, 2 for Near, and 3 for
car. Regarding the membership functions, the observable component of “Distance from Parking
Lot to the Transit Station for DP&R” was set to be zero for the purpose of standardization.

Table 3 shows the estimation results. The second column represents the estimation result of the
proposed model. The first column shows the result of an ordinary MNL model with the same set
of explanatory variables used in the proposed model. Since it is difficult to interpret through the
estimated coefficient, we calculated, average probability of alternatives’ being rejected with respect
to each attribute (Table 4), and aggregate share for decision making process (Table 5).
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Firstly, regarding the estimates associated with the threshold value distribution, we could not obtain
strongly significant results, especially for the dummy variables. It may be caused by the fact that
the data come from the SP experiments where the variances of the attributes are too small to specify
the means of thresholds. It may also be due to the Box-Tukey transformation, where the
differences between the categories are forced to 1. This means that some improvements are
required to transform dummy variables into the continuous form.

Judging from Tables 4 and 5, however, the estimated thresholds reflect the actual mode choice
behavior for shopping trips, where in general transfer especially from car to transit is a strong
barrier. Furthermore, the results in Table 5 are consistent with the result in Figure 1, where about
half of the samples seem to adopt the compensatory decision rule.

Regarding the threshold of “Distance from Parking Lot to the Transit Station for DP&R?”, it may
also reflect various unobserved aspects of car, such as the advantages in carrying shopping bags and
accommodation of privacy, since 29% of the sample are captive to car as shown in Figure 1.
Similarly, the threshold of “Parking Congestion Level in CBD” may represent that 10% of the
sample are captive to DP&R. These facts imply that unobserved factors may influence not only
the alternative specific constant in the utility function but also the threshold on each attribute in our
model. If the latter is ignored, forecasts from policy analysis may be biased.

With regard to the utility function, absolute values of the estimates became large compared to those
in the MNL model. This implies that the effects of non-compensatory decisions are excluded from
the utility function. Also implied is that the variance of error terms in the utility function becomes
small since the unobserved heterogeneity of decision rules is explicitly considered.

, Table 2
Description of explanatory variables used for estimation

< Explanatory Variables Included in Compensatory Utility Function>

DP&R-cst | alternative specific constant for DP&R option.

Cost total travel cost (1,000 yen).

Time total travel time (hour).

Dist-near | =1, if the station is close to the present point; =0, otherwise.
Park-f-v =1, parking lot in CBD is few vacant; =0, otherwise.
Park-full | =1, parking lot in CBD is fully occupied; =0, otherwise.

< Explanatory Variables Associated with the Membership Function>

Ytime-cst | constant term in the membership function for the travel time consciousness
Ycost-cst | constant term in the membership function for the travel cost consciousness
Ypark-cst | constant term in the membership function for the parking place consciousness
Child =1, if the individual has a child (or children) in the household; =0, otherwise.
Male =1, if the individual is a male; =0, otherwise.

Age30 =1, if the individual’s age is less than 30; =0, otherwise.

Age60 =1, if the individual’s age is over 60; =0, otherwise.

Student =1, if the individual is a student; =0, otherwise.

Low-inc | =1, if the individual’s income is over 10 million yen per year; =0, otherwise.
Carown2 | =1; if the individual owns more than 2 cars in the household; =0, otherwise.

28



It should be noted that the parameters in terms of socio-demographic characteristics are statistically
more significant than the ordinary MNL model. It can be said that socio-demographic
characteristics should not be used directly in the additive manner in the utility function but be used
to represent the membership probabilities.

Table 3

Estimation result (t-statistics)

Variables MNL Proposed Model
<Compensatory Ultility function>
DP&R-cst -1.79 (-8.2) -3.22 (-3.7)
Cost -0.816 (-9.2) -0.547 (-4.2)
Time -3.38 (-8.5) -7.14 (-6.3)
Dist-near 0.383 (5.2) 0.585 (2.8)
Park-rest 0.307 (2.6) 0.962 (3.7)
Park-full 1.38 (13.8) 3.20 (8.5)
<Membership Function for Travel Time>
Ytime-cst 0.0827 (0.8)
Child -0.302 (-4.2) -1.62 (-4.7)
Male -0.350 (-5.1) -2.49 (-6.6)
Age60 0.170 (1.8) -0.471 (-1.2)
<Membership Function for Travel Cost>
Ycost-cst -1.05 (-1.2)
- Male -0.718 (-2.4)
Age60 -0.514 (-0.8)
Student -0.214 (-1.3) 1.29 (1.5)
Low-inc 0.0561 (0.4) 0.164 (0.9)
<Membership Function for Parking Place>
Ypark-cst -2.34 (-2.6)
Carown2 -0.0469 (-0.6) -0.0206 (-0.1)
Child -0.450 (-2.8)
Age30 -0.00312 (-0.03) -5.17 (-0.7)
Age60 0.699 (4.9)
<Parameters Associate with Threshold Values>
Hiyime 1.41(2.1) O pime 0.561 (2.4)
Moot -0.263 (-1.6) O vost 0.282 (3.0)
A 1.05(0.2) a4 -0.193 (-1.4)
My -0.0148 (-0.6) O gist 3.93(0.7)
A park 6.87 (0.03) Q ok -0.328 (-0.4)
Hpork -4.30 (-4.7) O park 0.361 (0.3)
N 4778 4778
(g) -2747.842 -2727.679
AIC 5521.684 5519.358
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Entirely, the goodness-of-fit measured by AIC of the proposed model is better than that of the MNL
model, indicating that explicit consideration of the heterogeneity of decision making rules among
individuals is effective to reproduce even this simple SP responses.

Table 4
Average probability of alternatives’ being rejected on attributes (in %)

G0 (1 me) dpper (time) g(time) 9car (COS 1) | dorex (cost ) , q(cos /)
7.3 - 92.7 - 58.8 41.2
qc‘ar (park) qDP&R (park) q(park) qcm' (dl‘S’) qDP&R (dlst) q(dls’)
100 - 0 - 54.7 453
Table §

Aggregate share for various decision making processes (in %)

Non-Compensatory Compensatory
time cost Park dist 50.3
1.2 10.0 4.9 33.6

5.2 Model Performance

The model performance is analyzed compared with the ordinary MNL model. Here, we focus
only on the changes in travel time and travel cost since we could not obtain significant results on
the threshold with respect to the dummy variables representing distance to the station and parking
congestion in CBD. The aggregate share was calculated by sample enumeration method. The
left hand side of Figure 3 shows the share of DP&R according to the change in travel cost, setting
“Distance from Parking Lot to Station” to “near” and “Congestion Level in Parking Lots” to “fully
occupied”. Similarly, the right hand side represents the share of DP&R according to the change in
travel time.

Regarding the improvement of DP&R in travel cost, it is observed that predicted share dramatically
changes around its estimated threshold value. In the regions distant from the threshold, the
marginal share change is smaller than that of MNL model. More specifically, trivial improvement
cannot draw enough shares due to the existence of threshold value in terms of travel cost. Also,
excessive improvement cannot draw as much shares as MNL predicts since the proposed model can
capture the individuals who are captive to one mode due to its non-compensatory structure and
almost all individuals who can potentially change the travel mode may have already changed to
DP&R. Conversely, the ordinary MNL model increases the share constantly according to the
improvement of DP&R. We can, therefore, conclude that predictive accuracy of proposed model
may be intuitively superior to the ordinary MNL model. On the other hand, improvement in
DP&R in terms of travel time cannot draw enough shares due to the threshold for it being over the
upper range. This kind of phenomena is often observed in real world situation where, in general,
travel cost is much more important attributes than travel time in the shopping trips. This also
implies that the performance of the proposed model is intuitively more practical than that of the
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MNL model. Conversely, the ordinary MNL model could produce counter intuitive demand
forecast and mislead the policy decisions.
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Figure 3
Model performance according to the change in attributes

6. DISCUSSION AND SUMMARY

This study develops discrete choice model with latent classes, assuming that the latent classes
represent homogeneous subgroups of the decision making rule. The decision making rules
explicitly considered in this research are both compensatory and non-compensatory ones. We
adopt the semi-ordered lexicographic rule to describe the non-compensatory decision making
process. Compensatory decision rule is used only if more than two alternatives are left through the
elimination by semi-ordered lexicographic rule.

The proposed model was applied to the mode choice behavior. ~Although we could not obtain
significant results from the data set used, the hypothesis that there exist the individuals who adopt
non-compensatory decision making process and have cut-off or threshold value with respect to their
important attributes is justified. In addition, the proposed model yielded better fit to the data and
provided various important insights for the decision making process compared with the simple
MNL model. Furthermore, in the analysis for model performance, the predicted aggregate share
sharply changes around the estimated threshold values.

This research is the first attempt of applying the methodology and, therefore, problems to be solved
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are left out for further research, listed as follows:

1) Further empirical analysis of the proposed model in comparison with existing choice models
ought to be conducted in a variety of decision contexts.

2) Uniqueness and stability of the unknown parameters should be theoretically derived.

3) Treatment of the dummy variable is to be developed.

4) Though it takes about 30 minutes to estimate the model using the standard personal computer,
it is impractical to apply the proposed model for the multiple alternative situations since the
calculation load exponentially increases for the additional alternatives. Simplification is,
therefore, highly required.

5) Modeling framework has to be expanded since the proposed model is imperfect in the sense
that it is incapable of assimilating all aspects of a choice environment.
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oA, | SR AR ERM O EZE Lz ¥y FERIRHERO RN

#(2.2) XV EEERAR P X

P:[HLT’ ~,B}5

MYy TREOEBRSIERTS. FLEFa=1TH5.
$7- fIREHETHY, FEERFAOREERERDOTOTL Y HATHAT. T5L,

1
P= 1+ T7
LB, FITuYy NIATORREREZEEL, KOFXEEZD.
1 1
P= 1+ 77 1+exp(x)
£ T,
T" = exp(x)

Lirh. ARFETIRRENAREFRERMOLEZEZERL TNHC®)
A

r= P
/1"1

ThHdb,

‘¢ Y
ln[——g—j =x
/1’7
Lo T,
x = y(in A —1n 4%

L0,

p= 1
1+ exp{y(ln A; —In A )}

L5,
SR ICTEERAAOEEER f4 ZORUCHAAD &, BEEHRED

p= 1
1+ exp{y(ln A, —-In 4§ )+ ﬂ}

TROED.
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T =2 —5)IFxy FERALE
PR EREBE S ALY avETILDORFE

1.1 #EOE R
HFAHPLERICB O T, B RIREEARAE L TRY, EBBECRTARZITLOND, T
o, BRI o 20k A R L AEBELTAX D BFEAFER I UEELEBICREREELE
2 TW5, FIT, BEROFR - LEED — F U = THXRFERL, AXZE A~ - RFZEHEHO
IBFEHE I L B ASREE < X Y A MTransportation Demand Management), (& =fil#l V1 7L -
27 v FOFBREDFEREZ ONDY, HEERTHLERIEVEAPEETHD Z L,
FREWOEBRNH D, HRMICKEEEY 52 3E0BBICLY, EHRIOWVWTHANILO
DREHSICTFRIL, RETLI2LERH D,

ZREBETANCET AFRITIER L v A< Thh, KEERSERICET 2LIIRICER SN
TW5B, BIETIE, ERDEN MR\ HEh 2 8 A U= Bi0sE BEL 0 Bam < B4 B P JEns
EfeoTWVAY, LhrLAand, SMOZEMEODHRELMENIITRT 5GP, VAR
DT B E OBRSBOBE~DA 37 b e FRITHHAICRBNTL, 4 REREZEET L
EAHY, BEETFTLOERLE#HE 25720, REERSHECHREROLZZLEFELNTHS
Do

COREREEBEFLVOERSEERRESIT, Y Iab—va VFEEFAVTERMICEEZRDD
T LREDRERTHDL, KBEYIal—varETNME, BA0EMICEBLT, £0BEIEE
kT BB ET A L, EROEAFEIL LT, 208X 2B T2RETFALLIIKEL S
FB ek, FEEFA L LTIE, SATURN?, AVENUEY R EREFOND, ZHbIIKR
HiEky U — 2 CEARRETH D LW FIAEHFORE, MENRESLBRHRRN LADb,
BB EE S G & FBICMRN R RTHRe, BE~DOA 37 FOTFRNZITER L7V,
AT L L LTIE NETSIMY, TRANSYT® % ERdHb, TNHDETFTATE, TV 7D
FIM Ry T — 7 TOHEBRBEED L Ea—FOHETIHH LV, HEIBREOKESOXRY
F U — 2 ORISR TENCE LTS, £7, MATTF L LMENTET LV EZMAGETINA
T o FBIOL I a2l —a rBEFADFEILITON TV,
WENZBRTINVOBEELRER L L CBRETREOCREB 2 R T BIEEROMESHERLY
FbhbnTWa, Zhicix, EBHERREAWVT, EER, ThsRIGEBNWRREZFE TRITESE
DEEEE BT B L E LIBIET L 0, BIGET Ak &0 —iit L SEARE 7L 90 E
ENTWD, LHLARRE, ITEOEBLOBBRSIC LY BB EEGE OEE/REDITL 2L
BT L TRELS R TWA EEX LRGN, BEOBRETET NV CIHEADEERELEZE L
EHOIE, BEALRVORRKRTHD, £2T, BAOEGFELZZRE LIOEIETT LV ORES
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VELRSoTETWD,

1.2 WHEOBRY

AFROE 1 HEEOBMIL, BAOEGHELZEE LICBRETETVEZRETLIZLTHD,
T, BRETREDOETEE DT -0 ETRELERL, 77 VM= —F X b
D —2ICEB¥EEITY, EFAEEEL TV, F2HFERORML, BIETET VEMAAA
PHEREREY I 2L —va vETFARRRTE L THhD, Hilf 1 B 1 A0BIZ&HAL, &
FTEEE I SO 2 e fetE e M T2 2 L3R E Y I 2 L—va Vv ETLVERET S, &ERIS, B
3HZEROBIL, vIal—YaryEFXA2EATPOTEHICER L CZRBROMRTFRETT
52k, EEEREREOMMMNERERICEOBREEX S0 ETRIL, BETLHILTH
%,

1.3 AFwmICOHERL

AHIL 6 ETHREING, T, 1 ECIHERRELZE L MEERKBEY I 2 L—Y
3 VEFADOBEROLEE R R, B2 BBV T, BREETETLVERET 200, B
EITIRREDEET — ¥ %155 ETRHEICOVWTERS, HEVWTHE S ETIELNLRET —F 2 H
WIBREETTE T A OREEIC OV THRARTVL , 55 4 ECILBREITE TV EMAIAATZHERRE
BASEY I 2 b—va VETMIONTRS, F5ECBNTRINOYVIab—va VY ETADE
FAIRERIZOWTERT S, BEDE 6 ETRIAMEORRIIAOVWTEND,

2 EITHREOBE

2.1 FAEOHRILBE
ﬁﬁ%ﬁé@@%?wm%ﬁitbﬁ,—ﬁﬁﬁkfwﬁﬁﬁﬁﬁﬁfwiﬁ?—ﬁ%ﬁéE%
THRELTo, EERSICOVWTIE, BEERSEE L EKEXERMEE CHETOERIIRRS, B
PEASEIEMEATHAIE 241, (RUEKREHE, B8 _HRBER OV NVIKEKESEUAOBBET,
HEREREM 8,000kg LLED b D, HAEHEN 5,000kg LA EDHDIUIREERD 11 ALLED
Lo, | FRBABNE, [EEOKkx &%), KEA®HE, KENRESE, 88 "imE /N
BEREBBEICOWVWTED ONEEEORE SEOVTRICLEZY LARVEEIE, | (I EEHEREE
EHEINTRY, BRELEMEMTHEAUOBNES 1 Ti%, TNHBULLELOBBERUEKITASIBE)
ECHBEOKRX IR TMCEY TS 00> LREEE, KAFFEBBE R OV B BIEL
Db ORI — BB AR < 2B L T2 BB EICH - TiX, £ORIEFRED 2.00
Uy MUTOLDIZRS, ) BBIEOKE S £ 4.70m LT, 8 1.70m LAF, &S 2.00m LA
Tl obo/MlaggEc, URHEEE, RE8E, KESKESHEROVNRZEKABIELSO
BEhE) ILBHEBIEL ShTWVWD, JI T, ERELEREICRINILBEETEL KUE,
INRIHEE S S RE S EET 5, AL, EBENOEGRL TV TAOHERELH L L, £,
T E T B BRI RR B OV TR KRB 4,250kg D + 5 v 2 (L FLVER), HEE
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WCOWTIREREOFTAT D2EME AV TIT 7,

BEWCIEE 2.1 RTHEORIER GPS(Global Posi-tioning System : PLHBER AL & AT )
ZIEH(SOKKIA GSS-1A)% AV =, GPS HEIKEEBEIC LY 24 AfTL EFoh TRY, =
FEH) 20,000km DFIEGE %, — K 12 B CE D 72723 b i EICER 2% > TV D, GPS (85O
GPS R 7: 6 DER A SEW TEET I LI LV IBEROE VAT L THD, WEMAGPS X
(M2 L 23RN, — IRV SN TV S L—F—RRFHC L 2 HiE L B L T, B3 &l T
HY, WTEMETH DD, BB ERORZIICLEHBEND T L, RIERBEREFICEHN &,
3 WIEDEEEABONLED, ARRbLRD D LV FEERD, REFTHHMLO 12T
bBEFTT 4 v 7 MBFESICHA LEFELAVE, 337 4 v 7 ABRFEHE» OBRE
BELANRD, SRAEBE L CRSOHEEML T 5 FETHDN, AFETIE, Ihk
BB OREEE LRD B X D IHEE LT, BEGEORBEESZ 1 HZ L1052 Lz L, Al
DRERREIToI2L 2 A, ZEHE
A 6 THD, B 80km/h TEITL

) # 2.1 GPS %Z{aH GSS-1A Ofitx
PB4 BEEIE Tem BIPICINE - 72, ~

IO, FEIX0.0lkm/h DA —F ZAEH I L1 #(1575.42MHz)

—CHEIEERS KD LN, +5E REF v R 8

RHTHS Z RSN, e (AL D) D : R
AT X B, A IcEBRE AET 47 BB +(5+2ppm X D)mm

JEAREEM 2, B A DT L Xxr<wTr 4 v HE +(20+2ppm X D)mm

RVEWITRWEWV D Z L AETIRSE

Pel72y, KERBELZ->TWEN, BEN—F LS~ a r TRO LT HMEHIALGER
% 50m BE)H SV T 1997 £ 5 A2D FM $ERFC L2 —EXBHBI T
Differential-GPS(Z8 3 5m FEE) & b~ 5% & B ICH EXE » & <, ITS(ntelligent
Transportation Systems)~0DJ5H, X IEETMBEZRM L THETSZ Lns, FIA AlREME I
B, BEXTRT D0~ RFESHHFEINITHTH D,

2.2 REFIE

AEIZ, RIRTHETIT o, 7, 2. 1R T Lo, HiEL - kEE - RREREMIC
GPS Z{EHABBT 5, 23, GPS TV FHE~/ %y b AV TERORRICRY (77, R
2. 2R, b b UHERREEME S RO HEAN S, B ILHEE % 10km/h 25 60km/h
FCELSEARNLETL, WREEMIACEENHKSEETL, 1 BEC GPS BRIT —F & A
£Y H— FICRGET 5, MERTRICHET—F 2K 7 by =7(8 g7 75 & SOKKIA
& GSPRO-1 plug) & AV TARHT L, 1 BEICHERO 3 WHHEH % R, T OEERED 6 ETE
BE - IEE - ERERER CEHET D,

WMEBRFIIMORROEERIEE AL EZITT, ILHENLOBROZEOHEILRORENO
RWEETE LT, 2. 2R RMBEHHMINEN EEAMED L L, BiEREEENICEE
EERBTE, ¥, BIEERIIAR - HVIELHEDH 125km & L, 2k, AEEERELD
EMUDGPSICEBREZT 4 v 7 RIBERITY, RERBLI,
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AEE 7 pmEEm
® GPSTLTF pe

B 2.1 AFRESE

S00m .
W40 SREET © WMEEM 12. 6km

X 2.2 ETREEMmER
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# 2.2 ME RS OEEE

R4 WGS84 fhfE WGS84 3B B
HAER 35’ 2' 1.20836"N 136°46'34.36935"E 23.354 m
S EH 7R 35’ 2' 0.81231”N 136°46'34.93356"E 23.358 m
HEBRE EAHIE R 35 2’ 0.62520"N 136°46'35.18463"E 23353 m

WGS(World Geodetic System)84 :
HIBRDEL &, FERRLO—B LA iR % EEIC L EER

* 2.3 #gBRE—&E

No. Bl ]l i HEH
1 KA H % 20 %A 19974 8H 23 H
2 pACLE: 2 % 20 &R 19974 8 H 23 H
3 LR % 60 AR 19974 10H b5 H
4 gk % 60 kAR 19974 8 H 25 H
5 i@ = 50 AR 19974 10H 6 H
6 LEE % 50 X 19974 10H 568
7 iR E % 20 AR 19974 8H 29H

AFEIIEENODEROZEREICERSNDTD, H LN LHE GPS BREOBEZFEL,
SIS EBEET RN T UL ETh0, HR DM BEEASREICE L TV ETRT GDOP(Geometrical
Dilution Of Precision) DEAS 5 LL T (BI& 1z 3T HEAS 72\ G ) O RFR# 2 @A TRIE 21T o 72,

2.3 MAEMR
EFAELD, £ 2.3 0T THRE TRAOBRETT—F 2185 I LKL, 20 REDE
FETV, 1B TV r/T500, 1 EREOHDT —FBi3# 1,000~1,300 TH Y, =
7, MEOEELIZL 02 Lo TR Y, BREEBEHNT 2O+ ART—FTHDLETRD,

3 EBUEETET NV

3.1 BREETET LVOME

I THRARBERETEFNL, MECEELZIIBAORKEDMERE ZRET HHDE
FLThd, EEEEILEE, MCETLTVWAER2E, EREETLTVOER, BA5EETL
TWAEFOEH 5 ADRRETRE LN SEET S L Ebh T2, I I TREARLDOLY, Al
CEFLTWAET 1 B0ADEEYE %, MEELXRET S, 2B, KETHRNDERETV
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2l —ia YEFATE, ERETEOBICEEDEHORRGEZET DL T8> TND,
T ITH, 2 ETH - ETRHE X EIC LT, EBIEEORMEIGBIGETET VEBEL TV,

32 77VAM=a—F N Ry RT—7IZDNT

EIEE LA A EET A8, TEMEEAOOkm/h, HREEHENS X Xm THDHDOT, AA
m/s2TIEL L 9 | Ligb e v EXT, TETEREND LEL, EREHSRIBAVTNDDT,
BUMELE D | RELEZEZTT 2L - TL—FBEEITIOB—ENTHA >, BIEETET
L CILEER TE A TEVANC BT ALENH D720, T 2 TRABOR BV EWRMEIE T V=
) XL ESENEROEEIEMVED Z NSRS 7y VA BImEFERA L TETLEZITI, LA
LD, 77 SABBTIIHET AL TY XLEZEMRICIERT S Z L3FFICEETHL LV IR
EERETBED, 77 A BROBDORET NAC~OBRITEE LV,

THREHLT=a—F A%y FU— 2 (TR s THEHICET A L7260 THY, HiElT —
FEEZTEERTIZECED, BELOAHABKREERTZETALTHD, JhIZLY, A
WA HEACEET A LD, ORI T T AOKAMEL LTHBERS DY,
FOREEZEMHOICEBTZ LB LVEVWS ZERETH D,

S, T AR ma— ARy NI LERMAELET7IOA « =a—FNFKy hT—7
BT AR ER &N, BEL OFENRRRENTVS 9, KOICKD2HIETIE, K 3.1
T OBEICHEEINTVAY, AEFTAMEIZEV T, ZOFDOT7 7 VA =2 —F1Fy bY
— 2 BAWE, ZHIE, 77 A HROBEER O =2 — TRy FU—I THY, TDET IV,
BEEO=a—F A%y hU—27 LEHECFTED AHNBEREZ BBIMICRETE 27217 To<, 4
BERETZ7SAN—NELTORDRTKRATED LWV ) B-ERD,

% 3,177 =a—FVFy hI—J DG

=a—u&77 VA 77 Y4 & NN #[A—Y A7 LN THRILICEE L7ZET NV

Za—u/T7 7oA 7794 & NN 2WFNER LIET NV

SAFLADAANRETNNICMZ N, ZOHAET7 7
AWCADTBET NV

SATFLADAANET 7704 1mMabhn, TOHA%
NNIZASATBET NV

:—:L*‘U—77‘f/°/r

Ty —=a2—n

=a—ui7 7 vA 774 2 EARL LCNNBRFEERELHFLETETT NV
77 VAN = a—n | AHAHERZT 7 VA fEEL LIZNN

77 VA= a—0 7 7 VA HROEEE RO NN

—mnfb T  UA Ti$2£17794%%Kﬁﬁ6%ﬁ@&@—%%%ﬁ
77 VA{k=a—mn HAMEZ 7 7 V(L LILNN
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—a—F Ry FU— 5 OB IR EET 5 0 EE T LT XL Th SRENRE
%87 L a9 X sback propagation)EHWHZ & LT 5, TN, su—x\) gz b

oHfE L EEEEnTh Y, Vet ae, B

E-= ZE(”) = Z{Z(lk(”) - z,‘(”))2 /2} — min (3.1
4

p k

BEINETETATY AL THBHO, TATY ZLDEHITALICRL, 2 I TEIHROAEZRY

L, ETHABIBOCREAHEDEER AW, 13,
u, =S w, My ¥ 520
j

AW‘”=805”‘“”Wf@0Yy’ (3.2b)
ThB, £z, PHBORKAHEDEER A, 13,

5j(’) :(Z 5k(h)u)lq'(h))-f'(”j) (333)
k
INUEY (Z 5k(h)wk].(h)jf'(1lj)x,.(”) (3.3b)
k

LB, Uo7 A TY XaEkETF—FICH L THRYVELEAL, BREETETADNT A—-FH#
ExZ1T

3.3 BRETET NVIEE A

BREET 2T O BT, BB - AT - SRR - ATEUINEE - ATE O EER & ERE -
BRTEIRAE R &, B4 RERZBRAMICHEILTT 2L - TL—F OBELITo TV LEX DN
%, MEMERREY I 2L —va r~OEREE DI RRFTOKR, MEELZRETDHE
TARER L LTI B BERE L BB 2BV BRETETLVOBELZITI L L LT
T 2T, 1 RO E - SR EEEE A AV BRI, RS ORC BN 2 EE T 572D WTH D,

EFAMUIZBELT, EFT7 7 VAN —NLVERETHLERH D, I T, SHHALK HHHA
BT A L 3— v 7 B% % Hign, Middle, Low @ 3 BERE L, - T, 77 VA /L—MIL9
BYRESND, EHESRZ X, HHEMLY, NMEEZZLETDE, L=V 111,

N—1 1 : if(X is low) and (Y is short) then (Z is middle).
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£ 3.2 774N —K 0 P
X\NY short, middle large /////
Rulel Rule2 | Rule3 /
IOW """"""""""""""""" 05
Middle High High
Rule4 Ruleb Rule6
middle }----------4----------q----=-----1
Low Middle High
Rule7 Rule8 Rule9 ’ X
high  }--------------=--om-q-----mmm oy . )
Low Low Middle 1y 74 FBEK

L+5, FOMDL—AEHR 3.21TFT,

— T 7 VA RO EFIRIIRDOEY TH D,

DETEEER A v 3—v » T EEEZ KD 5

NE7 7 A N—/)LORIFHREAELZ KD D

NET 7 VA N—NOBEMUNMEE/EZRD D

FITC, IO OABREERT S —I Ky NI HES ZOFIATIT S & 5 ITHEET
Al

Za—FNFky hT—7 OEEETIHIANS, EFE=a—a b0 HIBETH S LEVERE
BIZOWTER D, ZEBRBTCOSNE LT, 20 LEVWEBEBIIMSFTEETH D &V D A
bs, ZOHKEHETEKE LT, XG4, B 3.1 TREINDVIEA FEKIZSONTEXD
&,

f()=1/(1+e7) (3.4)

ZOVTEA REBROMZITXGE)TREND,

S = r(1- /()] (3.5)
ZDVTEA FEBITIEMEME x OHAHEDS K & WER T ER /NS R HEEF TV
=%, BEAT— It LTSk E 2y, RELEEEBRHKLZ LD, TO=a—F Ry
RN —Z IZBWTEETHSE LELLN, RGN TEE LEWEEKE LTHWDSZ LT
Do

—a—S A%y hU—7 DBEICOVWTOEILRET &, 77 IA #mOFHEFIE D) Th 214
A=y 7RI 2BD=a—F N Ry b U—2 TRET S, low, short DAL=y T
RMIIETERLD DD, 120V 7 EA xR b o= =2—o » CilEfEld 5, high, large D HFHE
MOEA =y TEEIZOVWTE 1 2O=a—a » TEET %, middle D=ZAF A L 3—
yTEABII2 D=2 —a EERLT, HFERMDO A L 3—vy TR L BFRD DA -
v 7 E R LADETERNT 3, 2hbid, YT 7 ABARE, LEWEOHEE CHEEE O
HlEzE®» 5, ThoxzR 3.210F7,
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1
X

. St —PRE e \ ]
AT A 73—y T BB O i low, short ® A /13— o 7%
1 1
08 08 r
06 06
04 | 04 r
02 02
0 t 0 :
0 0.5 1 0 0.5 1
X X
middle @ X 23— v TR high, large D A > /3— v 7B

3.2 =a—JNVRy hT—JIZXDHIFERA L N— y TR

rulel

Za =
Za-7b z

@®:> 1 R=a—a v
O :#fp=a—a

3.3 BRETETNVND=a—F Ny hT— 7 KEE
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Kb BT HIHEER A v /8=y PRSI E 7 7 DA L—MIZHE, BB BCANT D, ZOHD
ERHEEEDDET 7 PA N— A O IERE L 72D, ., HIFLHIEL DR OEES
"L T 7 A N—NVDOEEE,RT,

NEERE A 7 7 A — MV, BEEREERS L CELEHREIT ) LKV HAEL
2R B 5BHDE=2—0 L IHAER L DIEE LI & DRI USRS S E TS, 2 ZTH,
—a—m F 5 SHWT Z=0.0,0.25,0.5,0.75,1.0 \23F 2EEZFHET S L O L, FIXiE, low
PTG 5 ADT T T AEAMEDHEIL, £ ZOATDlow DAL=V y TEEDOTV—F
ERLTVS, -T, BORRKAWEONIMEL 52X 2FICLY, HOIERRDLND,

P FOSHEET > =a—F A%y FT—2 kK 3.31RY, %3, FREOBIHEMT -5 LY
dREE, BEERE, MEEOFNENOEKE BMEEZHLAUBHRD, X, Y, ZOMEIZI ORI
B EREOM T O~ ICERLLZMEEZAVD,

3.4 BRETET VEEMR
EATRECHOLNEAWRE DT — 5 2 8@7T — 5 L LTEX, BESEHT VLTI ALICLY
2B RITV, HEETo7. B A21 CERBEOBRIE L E L OBRE~T, £, IBRT
U & DB 1= DI B IR X 5 BIRIME & HEEE & OBMR bR L7, R? fEiX 0.35~0.60
LY, MIEEERIC X BIER R L B T RIFRHEEE1T> T2 2 £ b fe, KIC,
AEATHEE 10km/h, BERAERRE 5m I 2 HE LI #iR 2R A2.2 (R, AT T CRITEE
7 Okm/mh OEEOTR BT -7, JITBRT —4 2FER 2R TR Y, 13 10km/h BLE
DA > T > TV B0, BEMECKITTND, FE, KEFVERBERCERYT S &, il
FEHEAS 10~20m ISR b2 E Rt L2, REOREREDL KT 2L, ERMEHEREZCLD
EABRSND, #oT, AEFALOMAEEL, WES—F OBERETEEN 10~60km/h i

RE D,

BWEBRFIZHOWVWTH 3.4 IR THEEIT

W, BT —4 27—V L TET VLR — KA E Model A
To1-, AEITHEE 10km/h, HREFEEE Sm & e todol B
IR 2 HEE LR EE A2.3 1O 602501 I —

60 FERI DEHRE TH D Model D,E TiZ, A Model C
3 2 B ERRE D EEE TIINE - BOEHIZIF— SR

ETh HEMBRSNE, 60 B _LOEE : BEAAL: Model D
ZCThH5H ModelB,C TR OGN oTe, Z Oﬁ*{%-—bﬁ% Vodel E
X, 60 BARBHOEEGRE L [Z 2 F TORMH

BFEEIRFL L D) CHRICLEVEZED K 3.4BREETETVERENSER

TWHDTREVWNEEZEXLLND, BEIEE

LI 2L —% 2 AV EREEE DN — 7 TONY FABREICET 255 12 TH, SlnEnET
RRRLEERAY FABREE LTRY, #ERERORBOET VI FRBHTRY, HHEAHC
OVWTHEBEOENE X DO TIHRVNEEXLND,
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4 PEAEERREY I a2l —YaryETIL

4.1 THRANEBASRY I 2L —aryETLOME

AETIE, BRETEFNVERBBIRET AL 2RO ATV Iab—va v ETNVOHBEELT
5, U al—3a VEFAEMICIE, VATAOEBORELZTRTEA RV NAF =T
B SNSRI A BV AT LADOREB ED L BT 20 E2BIBT D5 A LR F ¥ LR
HY, FNEFN—E—ERH D, AETFLTIE, A LAF Y=V ZERELTVWD EZE DR,
A LAX Yy AEEFRAT S, BERETEF AT, SO TOBM LK EEE 2 BHT 5 LENR
HBW, TRREZHREL LT Iab— b 2EEHETETATERS, 165150823
2 b— M AMBRMET LV ET 5B,

T OTIE, AT BEE A RREIORR, HEBELHERM L OBREEZ, 05 L LT,
ZiuE, 60km/h THEITTHEMIZ1 AT v 7H-0H8mitETeZ L2725, LALLM DL, 433
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