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BHNEEDEE LIROWIRNRET) Y I FIETH 5.
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HHCBUEETE LoFEERER L TVWS., fy b=
WRIBRENE T3 b &, IREMHERRIH O EIHK
72 U ClER RS SR L, FHIEANATRE L 72 5 2 & 3]
LTV, ZOFMEFE LOMEX, 7 AHEEIC
BOWTRHICEHERMEY 2 5. HEEEDLET N -
RIRX—=ZPHEEDBRETEHINSG =D, 72 24
HEB X CEMEDEITAREMRTH > T, #HERPIC
FATA AT HEfRAN T X T ERI DS HB L5 5. RL
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BEIER - Bl oAZEH 2 e B, UXR—ICH
T2 T REVEEDRF LT A HEBINT 2 Z LT,
lifERI A ORI L L T Wb, LAL, T5L
7= (5472 b ) BEIXFEIRAIC, RLETADEA LD
RAZEEKL TW3. HIFNRITEIOE 7 /U IERER
BRI Y SR 0— KN EHATH D, HIvHE
ROy —2 2029 - FF 242D DEFTY
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PEDH 572512, RLETFILVORIERIE EOREZ iR
RLU, T 2EBOEDOHERRZ 2 Z L HE
BEThH5.

AHF5E1, Oyama and Hato (2019) (12X % 7"V X A4

HFRI DI EARREFIEICH SE, RLEFILENRS
X —RDEfH, YIHAEICHK S TRENICHEE T 5720
DFFEEEERT 5. Oyama and Hato [ZIRBEJLIR A » b
T =217V AL EA L URBREEREST 5 2
& T, RLETLVOFEINRNE (e, FEHERDIEFIZ
) 248 5 Z b e  MERIE O FEEU R 5 2 ik %k
BELL. 2L, RBEEEPNDOHEHICE ¥F 5T
BY, ETAUMEENOBEHAREEEIRMIETH S, &K
M7 TIE 7V X 4 6%94f D RL €5V (Prism-RL £ 7
V) BREL, ZOHERRENEZEEDORLETILED
e @ U CTREET . X HICEBDTr — 22X T 4
CLLTHITESRY PV — 7 AOHBAZITV, HITED
BOMA BEIaZ ) oAaRLT, HEOMI Y Vo
FIEOSABEA L TWE e ZHLN T 5.

2. Recursive Logit €7/l

ZRE T Fosgerau et al. (2013)2 12k 2 RL ET L%
fEHICHIBA L2, EFEOREB X CBUEFE LR
BICOWTHERT 5.

BM2727 G=(N,L)2&%x%. N, LiZZzhzh,
J—F, V>IDEETHB. RLETMIILa IR
TEMRFRICED & REGEIRITE R R 7 IRREEIRMT
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N=Z, YYIR=ZAVWTNHARETDH %, BER
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ETOMEY ¥ SRR DARER —TT, VY I R—=R
RLETLTIRY V7O, 2% D 300D/ — FiE
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7B, @) X TXTOFITIRER 2 BIREE e T
% multinomial logit (MNL) BUAEREIR € 7 VI EE A C
% DY, RL ETNOFMINCIOWTIE, Fosgerau et al.
(2013)? ZZRE iz,

RL E7/MZDOWTUEZ DFIREINRMED &, HFZE L
DM - LRSS 72 S T0 3. ERET LV E LTI
1 21Z, nested RL (NRL) &7/l ¥, network multivariate
extreme value (NMEV) £ 7L 10 discounted RL (DRL)
ETFAIENDH L. Fie, HHREMRDD, 2y rU—2
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5 LD —75 T, RL EFMIERMEROR
EFHE LOBFERE L TW3. RL ETFILOMRDEFEEZ
v VU —7 OIS, MIAYAX, FLTETIL - X
T X—ZDEICHKIFL, Frctr v b7 — 2 RS
MEFND L E, RT7X—RIRTF L THERIERTE
MiAATHE & 72 2 BEAE U3 W0, Beenvicix, Q)
DIRZFFOREA M, 1T M DARY R LR
(B ETEDHEHEDIRAKAE) p(M) DI 1 £ D/HE W
Y THBIY. HERTD RL E T T, $HE
BICEODMADAEEDZ L BHIZ, UX— VBT
LZEEDRF VT 4 HEBML, BUEFE LOMEE
B L CE7z. 72720, 25 LB OBRIENE
WERE R R T A AREE R . EEE, AoMHOA%
EUVHBETY, /8T A —RITKIFE L CTlMEREEhs FEL
T2 2 HEFMFETIIREERE & HITREIhTY
2399 EFAMEEICBNTITZDBIETARAI XA —& %
RRINCHEH T 2720, FIHEETR T V. K
EORIHAZREZ 2 7-0121%, RN EHREbD & 51
RIRX—=ZOGEREH A FANCRET 2 e dEEL <,
MHERI R D FEE % & D — MRV [ali 3 2 FiEH KD &
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3. Prism-Constrained RL €5 /L

AFE T, Oyama and Hato (2019) ® 7"V X A il
R GIRE FIEICHE D RL €7V (Prism-RL €7
W) BENMET S, £z, ZOITEIERNERSHEE D
HFIZOWTHIRRNB,

(1) FVXLEWICEDISBRESDRE
EEE s D57 TR, Oyama and Hato (2019)Y 1
RL &7V OEAFE_E ORI R § % 72 DL
BREFELRRE L. FI3REs 2, ZEH(/—FF
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0, otherwise.
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(2) Prism-RL EFILOERIL
R, HIEOD 7Y X AHIFNC & o THRE S MR8 E
& % % D Prism-Constrained RL & 7L (i.e., Prism-RL
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model) ZERILT 5. RLETIL L DEEENE, i
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Step 2: fHifEBERCE 23 (d) = 1,vt € {0,..., T} D &
WL 5.t =T, 24(k)=0,Vk #d
&35,
Step3:t=t—1%23%. 20 2R 9 IC&->TFE
T5.
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2% DX (9) & T HOKEIC K > THEICKERIRET H
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W53, NRL E7 V> % DRL €7V FEDIELRE T
T HHEHARRETH 5. FHREMICE T 2 Rtk IEAR
BT AANDFEHAIZDOWTIE, Oyama and Hato (2019)%
EHIRIN .
iR fERIENC ED T, Prism-RL EF LSBT %
KHE s = (t, k), s’ = (t+1,a) EOHERHER pd(s'|s) =
pi(alk) IZATO XS5 wER LI 3.
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(10)
X (10) X7V X L8 Ad(alk) ZEATED, 728 2K
RE[A] LY 22N L TV BIGA T, 7Y X LA
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pf(alk) =

(3) ETFILH#EE

BRATEIC & D Prism-RL EFLVOHEEEITS. WE, &%
BORIRF — X 0, = [ko,..., ks, ,n € {1,...,N} D8
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BORART Yy 78 J = max,, J, A LIk 3 X5
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-1 Prism representing the restricted set of states conditional on each of current states (a) (0, k1), (b) (1, k2), and (c) (2, k1), where
the choice stage constraint is 7' = 5. The value function Vd(s) evaluates all the feasible paths within the prism and thus takes
different values by choice stages even in the same space; in this example, the panels (a) and (c) illustrate that Vd(O, k1) #
V¥(2, k1). Note that this [X]-shows a doubly-constrained case.

a BIRETIL - 85 X—RDNZ ML, HEEH v(alk) =
* Adarlk) =0 V(@ B) & BB XU (k,a) OBHAIRHELEK

.................................... ) sutside of NI MV, OBETH 5. HRHFFETIEIRT =L uld
k as >~ prism LiCEET 2. R (11) OfFAIIZIE, nested fixed point

&mhﬁd \;/ (NFXP) algorithm'® Z W\ 3. %5 X — X FERIFIER
% Rt D 7L 3 X 5T 5 % Newton 1% (BEGS) 12
within prism X DhFEEL .

as Af((]3‘k) =1

=. +
o 4 mfEREER
-2 Route choice behavior constrained by the prism: In this

example, node k is connected to three nodes A(k) =

{a1,az2,as}, but state (t + 1, a1) is outside of the prism, AFTIET, Sioux Falls v b7 —2 ETERLL
i.e.,, I(t +1,a1) = 0. At node k and choice stage ¢, there- YIal—varr—XzHVT, XFIX-XDHEH
fore, the choif:fz of a; is violated (A¢(a1]k) = 0), and P ¥ HESEZ2EVE DB A D 5, RLEF /L ¥ Prism-RL E
only the transitions to ag or a3 are allowed (A¢(azlk) = . . .
Nolaslk) = 1. FLOUBIBETS. 20K, $T8dy by -2
ENREe L, BITEIERE LORMOFEE,HZIT S
EORHICERL, E7F -2 \OEHMRERT.
AFETIEITNTOHFAFEFICBNT, VY IR—2
DETFNERW. 72, 7V X AHRNEE I R
REE) O ADEHRE HWTER L 2. BUEFE (£7Y
V7, H#EE, BEE) IZTART, 14 a7 - Intel Xeon W 7
o+t v # (2.5 GHz) « 64GB X & U #E# O fE A PC (iMac
Pro) # FI\T, Python3.6 L THETL%.

ET . KT, BT — ZGERR 7 — 2 DIER
ZBML, Prism-RL EFAHMEEHDOF — ZABIERT 3
ot =[(0,ko), -, (Jnsdn), (Jn+1,dyp),...(T,dy)].
ZTd, 3R o, OHMITH D ky = = kp = d,
3%, 2B, ZTOERICK > TRz DDOWES
TR ZL L 2. 0% 1T W T, Prism-RL

ETIVONBREBEBIEAT O & S ITERSNS: 1) ©S2l—>avF—RicBS<RBER

N

U*)ElogHP(an) T Ial—varT—RIEOSHEERZEL
n=1 T, Prism-RL &7 VMWERIZ RL £ 7 LVOHEE I BT

LZRUEFTHE L OMEZ RIS 5 Z £ Z/R"Y. Sioux Falls

v b= F =2 EHWT, DITO XS5 ICXHM

N *1 0 ., BrERT 5.
(ke |ke) + Ve (t+ 1,k Vin (4 k
; Pt eralke) { t+1) = (t, k)] v(alk) = BienLength, + BeapCapacity, — 10Uturngy,

1) (12)
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Z og " (kty1|ke)
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S
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Length,, Capacity, X3ZHhZ, V>V 7 aDEX, &
B/10000 TH b, #t7F— X+ v MZETh TV 2 1ER
TH32 51T, BEWIE (e.g., Fosgerau et al, 2013%)
WZHEW, U X — > & 3 =28 Uturn,, ), 1203 2 EEDE
DRFINVT 4 HEBMLTWS., AREIEEERDBEFHTSE
WX 2R, RIS 2 IEORHOHEETREN: %
BRET 222 iXdhb. HE>TZ ZTIX, AR Capacity,
DT A =B Boap BIEDEZILD 5 2D D ERET 5
Blen WEFIWCIEIEL E X %), ERTO RL £ T AT, i

ERBRETAT A 5 BEETE FoRE» 5, EozH%

BHBILFTETCWELT

RIHOBUEEBRTIIHIC, BAID T X —& 312k

SLRLEFNAV DY I alb—YarilkoTERIH

T RREGIIRN T — & 2 F W T, RL €738 & O Prism-RL

ETNVOMEMBEL ST 5. 38 Q) THALLA

RIT X o TRE T — ZIGEIRR 7 — Y Oz B L,

Prism-RL € 7V OHEER 7 — X ~BHER T % Fizb D@

b, ZOFRICK > TF —2OfTEERIVIEEIXZ L

W), REBRTIEZT =15 L7723, HWHIE 4o, H

FEir 6 0, HAEYM - HIFEHICH—Z2M L 72 5720 &

SIZHREL (1.e.,240DRY), EvFHrayrIal —

¥ a Iz h4 OD R7ITH LT 1000 DFFEE T — &2 %

AR LTz, BBEBRTE QEMEERXhZ Y 75

HDELWVWHERDD L TO) FHEEEHRBIEEN X

o,

Y EDOZFMHITHEDNT, LIT 2 D0REERZ1TS.

(@) £3, RLET/)NLE Prism-RL EFLOHEFER %
(1) Boap <0, (i) Beap > 0 D 2 7 — A TLIKT 5.
ARERDHIYIE, Prism-RL EF AT X — X5
FIZK ST (e, EORHAZETHETH)RLET
NDEDINT X —R 2 BETE 2 A[ReME 2 MEE S
5ZrTH5.

(b) KT, ZREFRDETFTNLDHEICBIT 5,85 X —
KA AL, #E LoMEZ T 5.
RIEBRL Beap > 0 DHEWCHHEL, RLETAH
HEBRBICBWTED X 5 ICEHE Lo MBI ER
T 37, %7 Prism-RL E 7L ¥ ORRELENIC
HEERRED ¥ D DR T 5.

a) NSA—2OBRE

BD8T X —XOFBAREE 2 FEICHEET 2729, &
HORIET — &% 10 3> 7 (Le., % 2400 &) 129
L, &> MR LTRLEF /AL Prism-RL €57
NENFNDHEEZRIT- 7.

24 % (1) OBEEHRCIIEE LoMBTY V2 E, ARPEHL
LTHWTED, BIEEHE LoMEICEET 579, £8DIT
TR R RFICE X ZE VLTV,

3IBMIIC T = 10,20,30,40 D% — AT EERZ T o 7253, AFE

BreRitEmRICE R ongrofz. 2L, FHERFIIX
T DI - T, BIBRNHEmML 7.
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ROIDOT—ZXTIE, ;X (12) DT X =& %
(Bien Beap) = (=1.5,—1.0) ¥ L, BOMAD A%
GUEOBRELE. Bl THERERZRT. Z0%
A, METVOHEME X OEHERREE, RHEDK
EVWDDTH/NMUEE4MNETHELWEE RoTz, X
BIZ, 10 ¥ TV FTRTOGHET, BT WHEER
RELNTED, HEHICD 59D ERE/KETHEEY
DEEREDR -T2, AFERIZ, Prism-RL E 75
BIRRX T =0Tt BEALDD%, RLETILODE
DNRTRXA=REe+TPICHBETERZ e EZRLTVS,

-1 Estimation results with the simulated observations. The
true parameter values are (Bien, feap) = (—1.5,—1.0).
All estimates and standard errors of the RL and Prism-RL
models were exactly equal to four decimal places.

Sample Blen std.err. t-test Beap std.err. t-test
1 -1.529 0.028 1.059  -1.000 0.039  -0.009
2 -1.521 0.038 0.556 -0.978 0.054 -0.401
3 -1.506 0.028 0.201  -1.037 0.039 0.955
4 -1.509 0.051 0.174  -0.976 0.112  -0.213
5 -1.492 0.042  -0.181  -1.000 0.055 0.008
6 -1.468 0.032  -0.994  -0.996 0.040  -0.089
7 -1.504 0.034 0.107  -1.053 0.041 1.305
8 -1.514 0.026 0.535  -1.044 0.038 1.165
9 -1.538 0.028 1372 -0.973 0.039  -0.698
10 -1.471 0.028 -1.003  -0.984 0.040  -0.403
Average  -1.505 0.034 0.183  -1.004 0.050 0.162

iz, EOWMAZED & 5 1CEMEE (Ben, Beap) =
(—2.5,2.0) E LTEBZITo 7. BRENTRXA=ZDF]
HUMELE (Bien, Beap) = (—1.0,—1.0) ¥ L, EfH, #IHIE
EBIWCRLETNVOEITAIREMR L 725 KD ITRRE L 72,
-2, 313FhEh, RLEFILY Prism-RL EF LD
HEERERERLTBD, 1 DHODF —Re K& HBR?
MR ZRo/, EFTRLETUE, 10 TLDH5
1 D0% Y A TOAMERBENF LN, D9 ¥
TV TIEHEE R ClERI R FER L, HEEAATRE

o7z, —7, Prism-RL ETMITRTDOY > ST
WETLZIENTER, IHRCITRNTOY Y S LVTE
EISENEEEIESNTEY, 5%DHEE/KETEH
YOBERENRPoT-. ZOFERIE, Prism-RL 5
APFEBIC RL BT VOB E L OFEZ R L, 1E
DHMHZEEZONE Z 2 ERLTWVWS.

b) HEDREM

RL EFUDBHEERATEY D X 5 [HEFE _EoREIc
BEH L, 72 Prism-RL EFABZFNE Y S ERL TV
D0 BT LD, PIHHEEZZEZTNRI A —XHE
FrmfE e gt 5. RERTEY Y I EREET
WKWIRTOT =X 2 —FBIZHWTHEET-o 7. (5
X=X DEMEIIAHRDOERFICB T2 2 0HDF — 2k
[k, EDOMAZET X ST (Bien, Beap) = (—2.5,2.0)
L7



$R-2 Estimation results of the RL model with the simulated ob-
servations. The true parameter values are (Sien, Beap) =
(—2.5,2.0). For samples 1 and 3-10, we did not obtain re-

sults.
Sample Blen std.err. t-test Beap std.err. t-test
2 -2.454 0.044 -1.028 1.984 0.085 0.192
1,3-10 - - - - -

$%-3 Estimation results of the Prism-RL model with the sim-
ulated observations.  The true parameter values are

(Blen, Bcap) = (—2.5, 20)

Sample Blen std.err. t-test Beap std.err. t-test
1 -2.451 0.050  -0.972  1.982 0.037 0.481
2 -2.454 0.063  -0.724  1.984 0.051 0.318
3 -2.468 0.051  -0.620 1.976 0.037 0.654
4 -2.415 0.057 -1.499 1.954 0.036 1.275
5 -2.466 0310  -0.111 1.943 0.258 0.221
6 -2.530 0.061 0.495  2.046 0.054  -0.847
7 -2.423 0.048  -1.597 1.950 0.051 0.997
8 -2.495 0.080 -0.062  2.012 0.039  -0.313
9 -2.511 0.112 0.101 2.040 0.064  -0.628
10 -2.455 0.049 -0916  1.989 0.039 0.289
Average  -2.467 0.088  -0.591 1.988 0.067 0.245

3ODHEZZYMAMA (—-1,-1), B (-3,0), C (—4,3)
ZHWEE 2D RL EF LY Prism-RL E 7L DHEE
BEzrhzrhn, K-3)b) IRT. 28, Ko
Bien, MEHNE Beap DEZE D, HEATEOINMHE
BUE RL 7 VOFEITAIREMEIZ R LTV 5. FIHAMH
MC(—4,3) D E, METINE DEMHIIFEEITNHEE
fill (—2.508,1.990) WK L, 78T X — X EHHEE S [F
BTH o7 (HEOOMPN. L2L, A BZHHEE L
HBAEIE, RLEFALDANT X =& (b3 hkKE
T) SATAIREFEIBAN AR S, #HEERAIREL 7o Tz,
—735C Prism-RL E 7UEFEITAIREFEIN T /85 X — &
EE AT, BEGTE LOMEERRERT 2 2R E
EAIYH U7z, Prism-RL & FUIEHIHAME IR & 3 EAH
ANERL, 87 X=X BEHFREDLELTNWS Z
ERTHN S (X-3b).

E 51T, Prism-RL ETWFI NI X —=ZDB RLET IV
DFEATATREREIEINC D > T, Fiw EFIHEIAEETH
Y. ZOHEREDHENDIREMGET 2720, FIHE
% RL E 7 /VOEITAREHBINIEE L, Prism-RL €
TOLOHEEBIEZMEE L7z, #EREK-3c) ITRT.
HAME D (1,0), E (0,2), F (=1,4) WFNDT —RTd,
2T X=X RL ETILVDOEITAIREFEBIAANE BT X 4,
BEWCIR Uz, 722 289 X — X232 O EHHERIC
BT RL 7 VOETAREFEBINCEH S N5 E
T, Prism-RL E7VIIREICEMEZHHTE2
LEBEWRLTED, Prism-RL EFLOHEELRENER
THERE o 7=,
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(2) HITERBRDHADER

D3WT, Prism-RL EF/NLDFEF — XD A HENE
ERGEES 2 720, BITE ORMERITEI DM~ O %
1795, BITE MO GE T AR & g U TR IE
RicBI2BHENE L, #HE LOIEOMA () %
BHALRTL, KEDr —22AXF 4 e LTELT
W3 EeEZLNS. AT 6 [ H R E T < —
Y MUy 7 (PT) iEMTEREYN & LTEMxNL T
a—7%—Y ¥ (PP)fED T — & 2 HWT, IR
BANBRZ AL & 3% 800m PU 5 DHFTE R Y b7 —2
(724 /7 — ¥, 2398 V> 7, 8434 V) ¥ I R7) &Mt
R Ll (IR 1, K-5). AT Y ZIFHERIC AR D R
Ry b THY, HLAPLREZIZU D & T 2SR
EEBFFET D, PPT—R Ry IRvF V7352
T, 159 NOHERE D O AET 410 DB THEK T — 2 %
Bz, Bllxh-HWHEX 164 7 — R TH 5.

B X N80 7 — Z IO W TEERHE 2 98 L (F
$% D), ZOMRICHESWTHWHI ] Z 8 DFEIRR 7 —
DTy ERD XS ITHRE L.

Ty = max {1.34 x D%0,), Jn} (13)
neiNg

Ny ZHAMZ 4 &3 2BARKRESTDD, o, 13K
o OWFHITH 2. FEEED 75 =t > X A )UH
(= 1.34, {18 1 R-5) ZHWVT (0,d) DERFEAT v 7
Do) I, B Z ¥ O KBIA T v T8 Iy &
D5z, KEWHE T, L LTREL. ZOL &,
TR TOFBEFRERE TV X L HIfZ#72 L Tn5.
AROHTTIE, MUT 2 EOMABEREIRET 5.

v(alk) =

(14a)
v(alk) =  BienLength, 4 BerossCrosswalk, — 10Uturn,
+/3greellGreena7

(14b)

22T Length, 3V > 2 a ®Y ¥ ZE /o),
Crosswalk, (IHEMHEX I —TH 3. Green, &V ¥
7 a IWVITHRHIDSTFEEL TV AN E I DERTX I —
ZRTH 34 Sioux Falls v b7 —27 DEER Y [, U
R—NXBEEDEDRF LT 4 (= —10) L, *
NLILD Bien, Berosss Bareen ZHEET 2. THHIX, U
¥ 7 RBMIANE IS TE OREGEIRS HIC B DO E
252, —HTRHOFEEIZEDORA (&J71) & LT
L WHREICHED . - T, Green, & ER\WVE)
FBEEL (14a) ¥, ETHE (14b) 2RI L ICHEEL, £F
NVOEITAIRENE, EEE, TEEmNEROBRD» S H
B35,

4 XD BN, HE o ICEBBESEEL TV 25, RERVY
o RS BRI ESIC A 2 58I 1, 2R
AT Oo & LTRIEL 7.

PrenLength, + BerossCrosswalk, — 10Uturn,y,
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(-2.5,2.0) (2.5, Z,EN E
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Beap 1 K H Beap 11 s \. H Beap 1 y H
: / o /1] . )
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1 1 o -1 s
A A
2 T -2 T T T -2 T
5 4 3 -2 1 0 1 -5 -4 -3 -2 1 0 1 -5 -4 3 -2 1 0 1
Blen Blen Ben
. (c) Prism-RL starting with values
(a)RL (b) Prism-RL in infeasible region
-3 Parameter estimation processes of (a) RL model and (b) Prism-RL model tested with three different initial points A, B and C,

and of (c) Prism-RL model with those in the infeasible region D, E and F. The yellowed area in the graph is the feasible region

of the RL model.

R4 \THEERERZ RS, AABE (142) D T T, RL
EFILB LA Prism-RL EF L DWW HETHERES
LZEPTER. METLVOHERRIE, FTFENI
L, R X=&fEbEL, BT =X L%RL
TW3. T2, WINDRIXA—&H 5PHETO &
BRICELRMEE LOHEEZ N Blens Beross £ DI
BOETHD, BEEOE R, HEKHE%E 2 [0
BV WEBPIFENRTWE I ZRLTWS. )
AR LR ko7,

MET L ZHEEEOBE» ST 5 2, Prism-RL
EFTUVEIRLETLVEID S RVWEEREZ. ZORICD
WCHHHICMREE S % 72, BT — X 2 HEEH, MEEH
1282 DR TT VX 2aZHEILIzT—2% 10y b
ER L7z, BIRR 7=l T i2onwTid, 2% > 7
NDr—AEREOEE L. K-4 1RGSR EZRT.
FTARTDE Y MZBWT, Prism-RL EF/LIZRL £F
N EEloTEY, KhEVWLEEZEZ. ZoZEIEH
ETAPMRET 2 BIRFEESOEVISEEFNTVS
LEZ NS, RLETFIVIEBEICERER ST
RTOFREKEZERL TWBD, Prism-RL TE 7V X 4
FFNCE OV TZORBESZRELTWVWS. D% D
Prism-RL € 7 /U & D BISERTENGE WS % R
FELTEBD, ZOEL L TEAEOWREIIORD - 72
bDEHEZ NS, MEEAEFRIE Prism-RL €7 /123 RL
ETVOBEE FOREZMIRT 27200 Tr <, X
DIAENZATHOET UELSAIREICT 5 Z e 2R LT
W3,

R, 2 ODRFBE (14a), (14b) ZLE#T 3. X
(14b) 135 X 2 — 2 BML7=d DT, RLEFILTIE
(BEOTEZ T A L7200, WTFIUIZBWTD)
BiEE LoMENIREL, #HEERESEZ DT

X5 pr o7z, —J7T Prism-RL & F/LTIIFIHMEIC MR &
F, WICHEEHERERS2 AT (4, H575)).
Bareen ZEHLTNTD T X —&1F 5% DKETHEIC
0 Bi-TW3. RHEELML, RHOEFEEICHT
287 X =B Byreen BDIEDHE L THEEZINIZZ 2T
H3. Bien, Beross 1IN (142) DIFELTFE « A —L ¥
HIZFAKTDH D, MMOFEENBITEICRS T4 77
MRZRD, HEECHEMEO X e PL— LT
DRREROZ L BiERTE /2. 7230 (14b), (14a) 12
H-5 < Prism-RL €7 VO LEHME TIXLL T DGR E
187-.

—2(—1637.484—(—1616.445)) = 42.078 > 3.84 = x{ ¢5.

(15)
SF D, DR A ETe Prism-RL £ 7L (14b) 13 95%
DHEBEKET, EERVIEAD Prism-RL €7 /L (14a)
X D HIETHNCHF F L\ (L Green, DIENDS, €T
NDOHEEELZHERICWEL:) L WA 5.

<-4 Estimation results with the real observations. The second
and third columns show the results for specification (14a),
and the fourth and fifth columns for (14b). For specification
(14b), we failed to estimate the RL model.

RL (14a)  Prism-RL (14a) RL (14b)  Prism-RL (14b)
Blen -0.297 -0.245 - -0.264
std.err. 0.008 0.007 0.014
t-test -38.832 -37.264 -19.508
Beross -0.924 -0.774 -0.758
std.err. 0.075 0.171 0.082
t-test -12.237 -4.517 -9.282
Bgreen 0.226
std.err. 0.036
t-test 6.317
LL -1772.972 -1637.484 - -1616.445
#paths 410 410 410 410

[
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-4 Validation results, the log likelihood values of the 10 hold-
out samples, of the RL model (red) and the Prism-RL
model (blue). The Prism-RL model is above the RL model
for all samples.
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-5 Pedestrian network for real application. The area is a mile
square centered on the Kannai station. Green lines indicate
streets with green, and red lines are crosswalks.
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-6 Examples of observed detour walking paths. Blue paths are
the observed paths, and red paths are paths with minimum
steps between the observed OD pairs.
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BHEIETIZ ZOE e BRR AR 7 v THEZER LT,
Hioh d & OFIRZ 7 — Dl T, 28D 7= (3 13).

$R-5 Statistics of detour rates, or the observed number of steps
divided by the minimum number of steps.

count mean std min 25% 50% 75% max
410 1.24 0.39 1.00 1.00 1.08 1.33 3.75
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On the Estimation of Positive Utilities in Recursive Logit Models

Yuki Oyama

Although the recursive logit (RL) model has been recently popular and led to many applications and
extensions, it remains a unsolved numerical issue regarding the value function evaluation. This issue is sig-
nificant in particular for model estimation during which the model parameters are updated every iteration.
In this paper, we propose the prism-constrained RL (Prism-RL) model to solve the numerical issue. Provid-
ing a set of numerical experiments, we show that the Prism-RL model succeeds in the estimation regardless
of the initial and true values of parameters and can capture positive utilities. In the real application to a
pedestrian network, we captured the positive utility of green presence on street for pedestrians. Moreover,
the Prism-RL model got a higher goodness-of-fit than the RL model, meaning that the Prism-RL model can
also describe more realistic route choice behavior.



