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YIEEMS iGN oINS, AR TIREY, REVATLAEATOLERER

ZDVAT A, FBEORMNL Ay ZKER SAV 7O X—
IZ&BELYY F 1 ¥ —E A (MS: Mobility Service) Dfifh & FEHE %2 < v F

AT B72DR MRy 2

GRS B E TV &

U, ZOBEIZEWTHRNLERESPERIND Z L E2RT. HWT, TOVATLESA VY TIRAV T

5 HEDBIIR A = XL OFEREE S 5.
T, HHGHITRD 5N B LM

Z 2T, IS & G 7 e A b R R oD 3 1) 7 43
BEF T OWTEEEITS.

Mg &@LU

Key Words: shared autonomous vehicle, tradable permits, decentralized system, mobility service markets

1. [FLC®HIC

BUE, BB AT MIRAREE % £ 72 59 ]88
YD & 5 HEHHEM P ENDDH B, Z£D—DIZ, Trans-
portation Network Company (TNC) & IFFi£#1% Uber ¥
Lyft, DiDi 552 & - THAt X 115 sharing economy D
“Mobility-as-a-Service” (MaaS) TH 5. & >5>—2i, (R
4NV A) HENEREE (AVs: Autonomous Vehicles) T

B E, §CICHRIZE XL, HEE DS
G, MAFED I VIZE2BESFHELIZL-T
I N Y —CABEAIZY 7 hEEDDHB. TOK
SRR S, BH ORERIRE K id, Zh o OFfliz s
U7z = 7RI g #)#E 5 Hl] (SAVs: Shared Autonomous
Vehicles) & WS % & 2 ATREMEAYE .

IS OEMIFIEEE O @RENZ D, BED
EREASE Y AT LD A DRk % IREE (e, R
M, BREAME) 2MHET S eI NTVWS. 7272
U, ZEEHIZBELTIX, EO%R, SOEI K4
Ezohn GERAROWE, BTHEGHEROWD, #5%
TEE, EHEEOMINGE), 2k UTOREIZOWN
THIRE TR RIXE S TR W (e.g., Fagnant
and Kockelman", Xu et al.?, Cohen and Cavoli®). ¥
MRERY I ab—Ya v EAWET—AART 1

T, SiO@BEH S F ) AIZE T SAVs DE AN EME

BALIE S 2L VIMERERINT VS (Levinetal.¥).

72720, T o OEAMTEMOIERED A TILEHOR
ARIFRPIZ TR S0 & WS L, HAREETH 5.
RS, 25 UHfZIE S @HTEL R MLy 71T
EhT IR ADZ A LD > TWRW
THb. EYY T4 Y —EADHBIZH T 2HEE
#5E (or “surge pricing”) (e.g., Zhaetal®) B2 5 L7z
G A A= X ne LTl tWSiEmbdH 5. L
# U, (a) & SAV A1 Z— (e.g., TNC) 12 E#-DF
MERKRATE2EETHD LY (H2ELEORKLE
Hig 9 EAR TR, (b) BT 0N X =2\ 5
G, BT O X—TR IV Ry ZIINT 558 E
EHIETZZ 3LV Y, HoREREIZE D
MHIHE OHEAEIIHEETH 5.

uiismvﬁﬁ%ﬁWQLyx%AwﬂE%t&%

IZEIT 57201213, SAVs il S H SR A F — L
Mﬁ?%éyt%mxbfwé.%@,%EUT%#—
Y ATiG L 2D\ L D OMfIEIZE S 2 W5 D BENLE
F o TWBH WlZ 1, Zhaet al.>, Hahn and Metcalfe”,
Hara and Hato®, Zha et al.”’, Wang and Yang'®, Mourad
etallV, BXOZDOSEESI), ELCY 71 ¥ —
CADTREY v F v o L 3@ B O [ % 7R 2 ik
L &S &g amseiddzn.,

Cramton et al.!? % Beheshtian et al.!? 1%, &

b1



( SAV providers (e.g., TNCs) )
demand ‘ MS capacity (# of SAVs) ‘ supply

constraints
Tradable Network Permits
(TNP) markets

suppl) rosd cipacity, tlemaml
PPy constraints

H-1 XY 27 LD IHES

Mobility Services
(MS) markets

B BN TIGREY 21 v AT T ENT, E
BRATESE2RELTWS. 2, RO 2 DD
MoK IS  HFehs e/ NEfE. HEHS TR
2 TNC |XRE O R (2 R O E S X [ % I 2 4
MZEBEATS. NEHEETIE, BALRHENZHWT,
ZTINC ZRHEDEY ) T - A2 RMHET S, Z
DY AT LTI, HrEHHTRER 2 EHTE!, €
VYT ¥ —ER (£7/IETNC) %2E5TRIRN L ER
R AT LR ERT 5200 A L UTHERRS
mEERLTWEEEZONS. LML, YATLD
BREFMANR L NV E->TED, TOHMPR
P DWW T BRI RN IR T TR,

AL, AN L, ¥ o 7 BB 2 R
B BT 20D LWV AT LARIBET S, 20
VAT AL, B-1I12RT DI, RERHOR MLV 2
KE% SAV 7N X—IZHE T 572D HR ML 1w
JEITHER S| 100D 2 D SAV TaNg X—iz kB
EVYY T 1 ¥ —E A (MS: Mobility Service) Dfft#4 & 7
Pr<wyFrrdsMSTGPoMEIN5G. K%
TixFd, BEVATLEATOHHIREZ R T S
EFNVEELEL, ZFOHEEIZE W TR &R Y
MERINEZLZRT. HWT, TOVATLEA
VTV AV NTBEBENBAIR A S = X L DR E
EEZD. T T, RN L il s bR EO
YRz 8L T, &Gk o b B RE!
Tz OWTHEEEZITS.

2. :Iﬁ/REQfE

J—REEN>3I, B v I70%EE L3 (G0)) "5
BE—ry NI %EFEZL. J— NESIZITHH
HEORMES 050, Mt D>d, SAVs O H[ijH
MOEER>r WEEND. £/, BERERTOES%
W s (o,d) £EL. V7 (i,j) DHBERITHRENIX 5,

VISR~ A VA Y bDOEZX S L UT, FESIZT TITEHE

M7 AF—2 TR R VR Y 2%y b7 — 2 @85G HIE] %
BRE LT H 0 D00 2 F kA L b I Tk

% 64 BLAFEAMAREKRS - BRE

Z DRIGIFAES DR ML Ry 28 RIT u & RT. &
7z, FMHEOBE%E X 2HHIEIX T =[0,T] TXT.
ZORMIET MY v T %47 D ZRIE TR T OF FER

BT Qu &3 5.

AKIFRTEZ DY AT LTI 3 O ERAPEIE T
% EHEEE, SAV 701 X —, (SAV) MIE. &
BAETEZ IR ML Ry 7 TOMEMEIHL, 2y b7 —
7 ETEPINGMBEEHORIMEE BHIF T 2R TH
5. EEEE IR OR MV oy Z@EiTHEE T
DR MY VBREBUTOBKITIHZ LT, V7T
ANOHMRA 7 B —%2 3 5. % SAV 70N X —
XA 95 SAVs Z FHWTELE Y F 4 ¥ — Y 2%t
THEKRTH Y, HHEOREZZAILT S K 51T SAVs
DIFZERID AT Va2 — )V E2RET 5. ZHAHEIL, MS
ZRALUTHREEMATLEIO NV v %455 FKT
Ho, HODO—#Ats@E M % m/MET 5 & 5 IR
AL & #2077 IR T 5.

VAT LIZIZ 2 OB NEFEAT B - JBITHERLSI
1y, MS g, @ITHERGEIHiEE, KR - ) > 2
BTRAMX I, SAV 701 X —3Y — AT BER
WITHER Z NS DOTHGEZEL THYET 5. MSHiicD
WTH, ItINEY—v2mIIXKEh, FHEEZ
HSD MYy FIZBERY -V 22T o Dl %EE
LTIEAT . b, ZhsofiBidmesEsdisT

HBERET S, bbb, SAV o1 X— - FH
HEEHIZTTAATA = LTITEI%21TS.
MS ¥ — b 2D FERIIHAEZ SN S, 1 2%

MAEORKEE®E % 1 5D SAV il TAHN—F 3
HDTHS (1 AD SAV Hl BB DRI HE % 713 —
TE5). ZhiZ, BUEDOHED IZHY T —EAD
RIEFIETHEN, ETOMHZIRT - by - K7
P—VCRAERGEILT VI MEE, SAV HilfOF|HR)
EORMEIWA S (e, BREHEEHZ < FET 20 HE
MEDRH D)., ZONWIZAIET B0, FIHEPERD
HiljZ DWW CTEKRRZBEHTIEETHS. Zh
X, BEEOAHRZBIZ LB EELL Y — A TH
D, SAV HliOFHAZFITE . L, FOMZZ
BELTE-DY—EALVNVDETRTY - by - K7
DY —EL ALY ZOWEREIXL S, 256 DOMEBDY —
CARMEGEORM SR @A L FEE LT, IBFERE
INTWVWBDH “Modular Transit” 2 WS L& TH 519,
ik, HECHESS - 8]0 #fE L ATHE7% Modular Vehicle?
ERAWSZ LT, ROMIAE - KT - by - R7¥—
CADMSN % HIETH DO TH Y, HEHEESFAM 2 5 L
T2 ECOF AR EOARERE FA 5 TH A
5. AWTIE, %5 U72fk% BiEX T, Modular SAV

2 Z®Hlk LTI, Next Future Transportation Inc. (https://www.
next-future-mobility.com/) HRHFEL TV B HEHZ S
5N 5.




ERELEZET I V72175, TDOLE, SAVs DT
Ib— b &R R > T R <, RERIZIES
MS H —EZADTBELARDANT Y AShild L.

3. WHEPRRE

VAT LEARDAMPRIE, MHETE)ORERS
i, SAV Ta A X —DEGUTESAM:, TG RN
»oed. NFTIE, ThEthzEziE-> THIT 5.

(1) FEHEDEIRITE
V> 7B - BRI O Y — ¢ AL pii(H) & 54 U
e &, (&KW FIFAEOEHB/MERTEIZLAT O &
W5 Z2Zond (EEHNIZREINTWAED, % 0D H
WZORTHZEeNTES).

T
&&'ZhEWW+W®MﬁMt
ijeL
" Z f wa(t) foa(£)dt (1)
ode'W

subject to

Z xfk(t) - Z xzi(t — tkl) = _ﬁﬁ(t)éi,d/ Vt, O,i (2)
keNO(i) keNI(i)

T

f foa(H)dt = Qoa, Yod 3)

0

TIT, () B0 BRFBIRAIHIZY V7 (i, ) ITH
AT BRHZE 7 v — u&w—&wﬂunjwnit%
ﬁ«?«nﬁéﬁoﬂﬁﬁwﬁﬂtw%ﬁﬂ%7n—

o (XRFEUIAE, wy(t) AT Y a—VEHTH 53, 64
703Xy H—DFIVETH5.

HIBEB DS —1HIZ) v 7 THP I s L& H
(FRATIRER & B — & 2 iffifg) DFRFI, B _IHIZ AT ¥ a—
VEHOBRMERLTWS., HfEMAE Q) I3%//—FT
O7a— 7/ (72720, BETOHDIEHRL), Hilk
ZM(3) 130D 7u—DfRfFHI 2 £ . Z DR bME
DEEMESRME, GIFERE 2), 3) BLD

M?(i’ + tij) = [a{tl‘]‘ + p,](t)] + M(]). if x’l?].(t) >0 , Vt, 0, 1]
M?(t + ti]') > [atij + p,‘j(t)] + u? if x?j(t) =
4)
od = Uo(t) + t)y if fu(t)>0
Pod = uG(t) +wa(t) if  foa(t) > Vit od s
Pod > M;(t) + wd(t) if fod(t) =0

THASND. u(l), poa &, TNEH, WIFIZRM (2),
Q) ICHIET BT 7T VY afTH Y, Kih 5Kl
I =R jETHET 2 00RNEA (FAA), b

8 22T, BB HAEORERERAILBTH B LK
EFLTW3,

% 64 BLAFEAMAREKRS - BRE

Uy TTEPE 505 M (B BHE IR 5 &, X
(4) [ FREHEIERAT, X (5) I RHAEMLRIRG A & 72 5.

(2) SAV 7O/N4 4 —DiEIRITE

V22 B - BRI DY — il pi(t) B & @17
MEATIRG e;() 2 5 & L7z & &, (IREM) SAV 7131
X —DFEEKEFEIIATO LS 1c5 2605 (B
FHANCRBIEINT VWS D, KrigliaffcEs).

max Y [ 100 -0 - e
ijeL
—Zlfﬁhmw ©)
reR
subject to
Y v- Y vt - ti) = =00, Ve 1 i ()
keNO(i) keNI(i)
t
mm:-]ﬁg@wsswwm (8)
0
h(T) =0, Vr ©)
2T, BBy () R 2 V7 (0, ) ICiAT B SAV
TR K= r OEM T B = (yi(t) = Lrer (£, holt)

FIEZ 232y T —2 BITEET B 7anNS X—r D
(7254 772) SAV HE O, g, (t) (XFZ] ¢+ (2 i
Hiriz«“xy MCRHETZHB 70— (le., BljHH
IR 2 EHE 5 BT 2HMZELFIWZE D),
Thb. £z, NTA—X CFHEGEER, d; 7)Y >
(i,/) DY —EAZITS DIZRELREH, BRT T4 7
72 SAV UG U THh D5 3 A b DIERE, S, 1 SAV
TaNA X—r DA T 5 SAV Hilifiz &£ L T3
HIBEROHE—IHIZY >~ 27 TE S A R OMRFI, 2
TIEIESAV 22w U — 2 ETHEMT ARBIZhANS
MaAbzERT. HRERME (T IEE/ —FTo7a—{R
FERI, HRIZEE (8) 1% SAV EEIEIR, HIRIZM: (9) 1k
RS R D BB IZ 2 T D SAVs A3 Hj LIz B%E L
TWBZ e 2HHETE2HLDOTHS. ZOHELMED
BOEMESAEE, GRS (1)-9) B LT

U;(t + ti]‘) = [Cpi]‘(t) - ei]‘(t) - d,‘j] + U:'(t) if ylr](t) >0
T);(t + ti]') < [Cpij(t) - ei]'(t) - d,']'] + U:(t) if y:](i’) =0
vt i,r (10)

{mmzwm—ﬁ >0
() <) - it () =0

THEABNG. V(1) mlt) i, TNTN, BRI ),
®) T 5525V aRTh Y, M
W 12 — K | £ TIREGET 2B A ORARIME,
Y i TR r O SAV Bili 1 5% T 25 1 71T 5
flifE (FIIEORMMS) LMIRT 5L MNTES. Z0



&, X(0) 1%, SAV HlORBKERNSGM2RT. X
(1D 1%, SAV 7unNA X—DH —L AMIEEERL TV
5. Thbb, l@ET 5 SAV i i o R 2 LR
ol(t) — B A%, Y — BRI & AR B BRARIE o, (f) 125
LWEBEIZY —E 22TV, BREMEATE S
Y—UCAEHWMTIEIEERLTWVWAS.

(3) WIHBERH
SRBF ST, HETREZMHET D X 5 ik
DIREBI NS, o T, WATHIEITSE SO MS 1%

OEBIMEIE, TRENUTFDO LS L5255,

ii t = ii f i1 t 0

y]() H] 1 3]()> ,Vt,l] (]2)
yijt) < i it () =0

ii(t) = Cy;i(t if ii(t 0
xij(£) vij(t) if  pii() > Vi, if 13)
xij(t) < Cyii(t) if  py(t) =0
WINORSEANFEEEZRLTH Y, HGilrtinz
X9, LT, P EDHEITIEFERIT—HLTS

b, flitgAnnigs, HEIIMHUTE L5,

(4) HERREEDINEFRME

VAT LB AL OYIMRIREE (2)(5), (T)-(13) X, #E3k
OBITHERG I E N OErkEEr —{bL7z5DTH
5. o T, WITHEEBIHIEZEDE F UWHEEDSZ Tk
PNdZ e/ TE S, EE, BREHONER
&b, YERREOE RS ISR TH S Z L 2T
LZEMTES. X BRI, HAEIRBIZIROSE
fifi 72 Fof AL [EP) 2 2L TRH2Z LN TE 3.

T
i . toxi () + t 1) s dt
o fo {Za i)+ Y wal)fu )}

ijeL odeW
T
+f Y dijyii+ Y it de (14)
0 ijeL reR
subject to
vij(H) < wij, Yt ij (15)

22T, Q,Q,FFnTh, FHEDEMER/MUME,
SAV 7unNA X —DRERALMEOFF AL TH 5.
HEEIZ A Y N =2 NTEPINIRLBEMT
HY, H-HIFMHEOEM, H_IHIX SAV TuNA
X—DEFEMZRL WS, FIEFEZENETN, ¥
ARG, MS Y —E2ftHNTH 5.

4. AVTYAVTF—=2ay - AAZX A

METRUZE DI, AR THRE T H258Y A
TLAREFLWIEEREEEELTWS. L, YA

% 64 BLAFEAMAREKRS - BRE

T LTV A ADIEEICREL, 72, EHLR2D, 5
U 72 ¥R 8 2 rh LS ME A 7 R 7 = K 2 CHIBE I E AL,
TEHEZEIFHLW. /EoT, BREEZ VT XY
NS 270D HEMENN A= XL %2 HRHTEHE
WHD. ANZALIZ, EFEERPHES REFEIL—IL
EHGHBIL—IV RS, (a) FAROITEID HAME,
(b) EAROITENIL— IV OfEERME, (o) %~ NDFEIRDOKE
RelLTHEUrxmREozelt, 2z e
F LW, DIFTIE, PIRRRE & Gl 7tk 2 R A8 2
A/ MU [EP) 2 @Yz s 52 & T, AA=X
LRt HrAtEE R,

(1) FEEOLE

VAR 2 B AR R ik 3 5 720 121E, wWIh
» (or M) O CHEBHEELZHTHELDHD. OF
n, EEEEHF (15), MS ¥ — A HHAHIR (16) Dl
WE BT 20ERD L. EEEEFFOBEMIEA
AHRRIBIZ B 1) 2B 2 T Z 200, — ey
N7 =2 D% 5 U7k R TR IR 5 X1
FIZ 2SN T WAV (le, HE (c) 27232
LU, TDRHIITIE, MS Y —E 24
WE 575y MU ME [Relax-EP] 2% X 5.

Z(p) = . UC(x, f) + PC(y, h)

min
(x,£)eQ, /(Y/h/g)EQs

T
Y fo PO (1) - Cy(B)dt (A7)

ijel

subject to Eq.(16)

Z 2T, UC(x,f) 13 [EP] HIESDH—IH, PC(y,h) 1%
BEOIHERT.

Z O [Relax-EP] i, MS ¥ — ¥ A i D R
flitg p 2502 LT, 2 00 THEICHRT S &
MTE 5. 1 DIFMAFICEHDL S Y 7HE [SP-U] TH
v, A DOEHB/IMEME (1)-3) IZHEIZ—HT 5.
£ 5 1 DILSAV a1 X—IZfb 5 M#E [SP-P] TH
D, WOLSIHEZLN5.

T

f [Cpii(t) — dilyii(t)dt
T 0

T

—Zlfﬁmmm
reR 0
T
=Y [ Xicrio -y~ gy bt as)

rer Y0 \ijeL

subject to Egs. (7)-(9)

Y v <py Vi (19)
reR
Z DOREEIZ SAV Ta N+ X — DR RbREIZ X <
BLTWBED, BERAERKE WS Ta1 X—Z2BW

max .

h)>0,g £
(y/h)=0,g i



HHIND 2720, TNFhDTaN1 X —OREIZHY
fRe Bz eixTcERN. £/, HOBEBUZ @FTHEAMRE
ERIEP VA PR AMEE 225, Db,
ZUE SAV T aNA X — LEBEEE ORI ORI %
ALY 2@ THEMEEZRL TWD (SAV 7o
A X —OBITHERSE A X EREHEDINA L F v~
VT RNTB).

(2) BMIZOHREHE

WITHERS G IZ & D 1 > 7 ) X v I REFTEIL,
A TR U728 [SP-P] TH 5. 5 L7mEkgEHE
CIBITHERS RO 2 BAROEITHENL /3 RIREIZ 03 %
WA 7= A L%, Wada and Akamatsu??-2D 72 ¥ CHg
EINTHBY, TS ZEHENICHEHHET S Z b AEE
Thb. 12770, /e 2 Z TORMETHRERIZER
500, BEIEEKDE (BEF 5K DROBETHB &
WO RHTHD. 2%, FEREIMHZEEANDE D % Pk
Y B T DIZ R B AliAL & 172 day-to-day DA — 2
VaY AN ANEZEZTOZD, REDEEELR
TH UL one-shot DEMELENG B+ AAHETH B, *
7=, BRI BREEFHETH D 72 DORNM 7 R A I 7
BMGEE A R(b) MEL2 TS BEMESEWN. 2
S U7mGHREt0FlE LT, 3UDIZTERARE
HHEGD By, ZZTOETHERNSIHEOHRHCE
WTHRWIZBHEIZRDETHAS .

MS TGOV TIE Y AT AR OEHIREE LB T 5
72D, IRD T 7T Y 2 [ [EP-L-Dual] % 1
YTVAVNTBERENDB.

max. Z(p) 20)

p=0
ZiE, Y7 [SP-U], [SP-P] Tt >z MS ¥ —Vt
ADFEL HEEFRT 5 & 5 it 2 e 28T
H 5. N tatonnement R 1L Z ORIE % A EC 1L
TS ZLIZHYT 5. LrL, Z0iEFfEIX Walrasian
auctioneer & X4 5 k&A% % E 5 rh LB HERY
IRANZZALTHY, AFEOEHET Ak e 374
5 (MEE (a) DT hen). MSTilBe LTk b AR
RDIE, & SAV U NS X—=nH 6D —EAIZH L
TAlik& %2 21, FIHE IR — Y 2ARE (REEOREER)
RN OMEEZEREL T - AEBRETS, v
S3HDTHAD. 5 ULIpiiaiisror 2z &
D [7E [EP-L-Dual] % f#< 728D Aik& LT, Nesterov
and Shikhman??2% 133772 72 % A fd{% (quasi-monotone
subgradient method) Z#EFEL TW5. ZOFENERE
P ATROMEIZEHATE 200, I6HE LTEHAD,
EO & D RIPNREREZ WS DODEIZEHHTIZ R WD, A
BhARETHEEEZILND.

% 64 BLAFEAMAREKRS - BRE

5. & YIC

ARFZEE, 2N, ¥ 7 R EEhERE 28
RENEHTL2ODF LWV AT LARERELE. *
LT, BEVAT LEATOHHRIREIZE W TEIEW
BREFEESIPERINDE I E2RT. HFWT, 20V
AT LAY TVAY NTHEBREAIRA =X L
DFEZZ A, SHHITKO 6N 5 BEHPHE
HIZODWTEEET L -T2, BFEDA VT AT —
Yayv - AHZAALIZDOWTIE, BRIEETHAME 2R
TIZHE > TWVED, R TIE & 0 BRI RIS
REBRETLITFETHD.

SE

1) Fagnant, D. J. and Kockelman, K. M.: The travel and envi-
ronmental implications of shared autonomous vehicles, us-
ing agent-based model scenarios, Transportation Research
Part C: Emerging Technologies, Vol.40, pp.1-13, 2014.

2) Xu, Z., Yin, Y., and Zha, L.: Optimal parking provision
for ride-sourcing services, Transportation Research Part B:
Methodological, Vol.105, pp.559-578, 2017.

3) Cohen, T. and Cavoli, C.: Automated vehicles: explor-
ing possible consequences of government (non)intervention
for congestion and accessibility, Transport Reviews, Vol.39,
No.1, pp.129-151, 2019.

4) Levin, M. W.,, Kockelman, K. M., Boyles, S. D., and Li,
T.: A general framework for modeling shared autonomous
vehicles with dynamic network-loading and dynamic ride-
sharing application, Computers, Environment and Urban
Systems, Vol.64, pp.373-383, 2017.

5) Zha, L., Yin, Y., and Yang, H.: Economic analysis of ride-
sourcing markets, Transportation Research Part C: Emerg-
ing Technologies, Vol.71, pp.249-266, 2016.

6) Ferdman, A.: Corporate ownership of automated vehicles:
discussing potential negative externalities, Transport Re-
views, Vol.0, No.0, pp.1-19, 2019.

7) Hahn, R. and Metcalfe, R.: The ridesharing revolution: Eco-
nomic survey and synthesis, More Equal by Design: Eco-
nomic Design Responses to Inequality, (Ed. by S. D. Komin-
ers and A. Teytelboym), 2017.

8) Hara, Y. and Hato, E.: A car sharing auction with temporal-
spatial OD connection conditions, Transportation Research
Part B: Methodological, 2017.

9) Zha, L., Yin, Y., and Du, Y.: Surge pricing and labor supply
in the ride-sourcing market, Transportation Research Part
B: Methodological, 2017.

10) Wang, H. and Yang, H.: Ridesourcing systems: A frame-
work and review, Transportation Research Part B: Method-
ological, Vol.129, pp.122-155, 2019.

11) Mourad, A., Puchinger, J., and Chu, C.: A survey of models
and algorithms for optimizing shared mobility, Transporta-
tion Research Part B: Methodological, Vol.123, pp.323—
346, 2019.

12) Cramton, P.,, Geddes, R., and Ockenfels, A.: Markets in
road use: Eliminating congestion through scheduling, rout-
ing, and real-time road pricing., Working Paper, University
of Cologne, 2017.

13) Beheshtian, A., Richard Geddes, R., Rouhani, O. M., Kock-
elman, K. M., Ockenfels, A., Cramton, P., and Do, W.:
Bringing the efficiency of electricity market mechanisms
to multimodal mobility across congested transportation sys-



14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

tems, Transportation Research Part A: Policy and Practice,
2019.

Cramton, P.: Electricity market design, Oxford Review of
Economic Policy, Vol.33, No.4, pp.589-612, 2017.

RANFE, /EREIE K BR, and Long, N. X.:  KFfEH AIA S v
Fov 7 @ATHENG | R IZ B 258, TARZERWMNED,
Vol.62, No.4, pp.605-620, 2006.

IR — Yy N =228 5K MV gy 2 5@81T7HE
51, tARSERMIXED, Vol.63, No.3, pp.287-301,
2007.

Akamatsu, T. and Wada, K.: Tradable network permits: A
new scheme for the most efficient use of network capac-
ity, Transportation Research Part C: Emerging Technolo-
gies, Vol.79, pp.178-195, 2017.

Zhang, Z., Tafreshian, A., and Masoud, N.: Modular transit:
Using autonomy and modularity to improve performance
in public transportation, Transportation Research Part E:
Logistics and Transportation Review, Vol.141, pp.102033,
2020.

Iryo, T.: Properties of dynamic user equilibrium solution:
existence, uniqueness, stability, and robust solution method-
ology, Transportmetrica B: Transport Dynamics, Vol.l,
No.1, pp.52-67, 2013.

FIHEARAR and RERFE: 2 v b7 — 2 @ITHERLS | T 45 0
F—rvayv - AR=ZX L, TRERWXE D3 (KRG
B%) , Vol.67, No.3, pp.376-389, 2011.

Wada, K. and Akamatsu, T.: A hybrid implementation
mechanism of tradable network permits system which ob-
viates path enumeration: An auction mechanism with day-
to-day capacity control, Transportation Research Part E:
Logistics and Transportation Review, Vol.60, pp.94-112,
2013.

Nesterov, Y. and Shikhman, V.: Quasi-monotone subgra-
dient methods for nonsmooth convex minimization, Jour-
nal of Optimization Theory and Applications, Vol.165, No.3,
pp.917-940, 2015.

Nesterov, Y. and Shikhman, V.: Distributed price adjustment
based on convex analysis, Journal of Optimization Theory
and Applications, Vol.172, No.2, pp.594-622, 2017.

(Received October 1, 2021)
(Accepted October 1, 2021)

% 64 EILAFFEAMAEERS -

DECENTRALIZED IMPLEMENTATION MECHANISMS OF TRADABLE PERMIT
SYSTEM FOR SHARED AUTONOMOUS VEHICLES

Kentaro WADA, Taiki WATANABE, Yikai ZHOU and Takashi AKAMATSU

HEE



