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Collaborative optimization of multi-modal transportation

networks and generalized hubs: a review

CHEN Jun

(School of Transportation, Southeast University, Nanjing 211189, China)

Abstract:In order to build China with great transport strength, it is fundamental to develop a convenient
urban multi-modal transportation network, integrate urban multi-modal transportation, and improve the
quality of travel transfers. Based on the important connectivity and interchange functions of multi-modal
transport networks and hubs, the concept of the generalized hub is proposed first. Then, a review of
demand and supply characteristics, traffic assignment, optimization methods, and simulation research in
the field is conducted. Considering the development trend of multi-modal travel demand and multi-modal
network supply of the urban multi-modal transportation, future research areas are recommended, which
include the analysis of demand and supply and their interaction mechanism, the integration of mode split
and traffic assignment, the collaborative optimization of the multi-modal transportation network and
generalized hubs, the simulation of the multi-modal trip in the urban multi-modal transportation system,
and the simulation of generalized hub operation and optimization. The above key research could contribute
to the integration of urban transportation systems, the improvement of urban transportation system
capacity, the alleviation of traffic congestion, and the optimization of the travel modes structure.

Key words: multi-modal transportation; generalized hub; demand and supply analysis; traffic assignment;

optimization; simulation

T AR L F I I B Ak i R R — 25 bR, BT A2 P25 H S8 . SR . 24 11 30 TIT P9 4% Tl 52 5 o 25 15
A R — LR 2 A E AR A B B A IR 55 KT R R R WU, ok
S B T A A Rk kR, O A AR IR T A8 58 I 4% ik
Moek B 2022-12-:03 ) AP I AR R 45 I AL 5 3 T R N D) (R 4
EEWHE:HEKARP RS EGIH (51638004) . . . .
E—EEMA M RO972) L B LB omist o LR SSE LR R B 48 L HEE 207 A — 1Rk

Al SR il G R R b R MV ) AR T S 3 Y L i




<2 ZzodE M5 g ¥

525 &

T4, S B 2 A0 5 R T i UK T 1) Bl A OF- 1, AR
TGS DX 1 /0N 3 ), 4 THDE N R H AR 8 K
EQIRERTE T S

oA S AR R A RS2 T 8 [ 45 25 S AR A2 T T A
B, FE A T 52 R AR A 2 T ki
A (= Al BT 2R AL A P AL I T SRS IR 1 5 L 28
S Bent it e R g Rt TR S AL R W R 3 25
WASRFAE . 755K 5 T, VF 22 0T AT 25 4 IE iR AT
A2l T UL sh AL o 3= 2 07 AOF R AL s ik
T T 25 AR 22 R Y 52 3 5 Ak AR N B — T
S T O 2% i)y T S S 3 I 4% | L T S T ) 4 R
O SE P 2% 25 R ) 2 R S il R 4% 9 AL O i
22 3230 Ty 3 AT A0 20 A5 SR 45 43 25 D 3R i
8/ ¥ A @ b= =g Ll S K N VRS PR Rp A= 5
LSy U A s a i S T S R IV £ = 2 N 2 NN 2B
S AT o PH AR B B A5 IR 35, S8 3E 3 AR A T
WA RIES . 51 e 28 R A A — A FE 2R N, R 4%
ol 52 368 00 2% 785 2 A 4 L ik Z Bl TR L R B FE K4 DT
B 22 A AT 5 5K L IR 55 52 4k 5838 W 3 A7 % 4 1 A
F MRS 5 5858 7 A B4

TEYR T 2545 22 18 R Ge v . 2 Fh 22 1 7 U7 24
A ) 2% PN A8 A7 I 5 o 55 B i 7K F 19 2 05X 5 T
o 2 — AR A RO 5 25 09 K 119 52 R L Al 2 2
G S A R W) M DR D5 58 . T AR G S K A E
137 Ik i 2o A X 52 3 5 I TR) A2 1Y) 22 B A2l T X
TET % i, JER S IR 55 Ja P A it 3T 1 0 52 e K 2
RE I8 . TESI T A2 3 9 45 v, 3 0 3 52 5 4 ofe
uli B HR ALY a5 R 2 i A2 T 3 4 18 4 5 B
PR R 2 P IR 3T 20 468 552 T I 2% B IO R 4R AL &
IBATRCRE B B Bt . D TR A BIF 5 T A R 4%
HR AL 5, SCHORE T SRR 2L E SR i 55 3k i 22 b iy
777 2B e R 22 A5 X5 T ) 485 A 1) S T T AL
KR ) SCHXAL RE IR 55 R 22l -2 J 5238 7
NI - S AT O L SR R AR AL AT
O S 45 2 T A8 H L2 52 2 1 N 4% iR 55 g
TIAS R ) SO AL BE A 52 1 i AT A A 4% 2= HAb 1
P 2% 5 3T % S 3 AR G D S B IR 2% A fiE
R,

ST T 22 B A E W 4 5 T SCRK AL AE B A
P AR M T 25 5 S T R G kR B AR AT,
oh G 22 15 S ) 45 45 ) SCHK 2L W ) 25 T 5
YR IR T A 4k S A 2% 4% KM A S HAL B R
AT 35 W 1) T 25 58 R G, S IR i T 22 Wl
ENGE SR e NN e R PO S i L

AW A AT THRAMS . CPH L RSER
B LTS 5 AIE L 22 3 0 S L 10 Ak 7 L D5 ELOF 5
7 1) VA2 45 3T 22 5 Sl ) 4% 5 )T SO AL AR
KT AT R PR AR 3 204 & AT R -2 4
U2 5 SO AL 5 R AR 20 7 L Tl 22 X 5 3
— R A AT T K o 5 S o B B T MK
A1 bp ] A9 30 T 2248 X S 3 ) 2% 0 A O 1k AT 2
18 5SSO AL 5 L 05 35 25 F 8 T R
TETT 1], g 42 TH 3l Tl 258 45 2808 & 58— IR ALK L 4R
1o R T £ 5 S0l A G Az i e T | 22 il kT 52 5
8 AR AT T A HR IS

1 DRFARLER

LA (AN T R LN K o RPN RS R I R 28
T 2B S 19 2% AF 5 b R Tl S 7, 32 3 T 2
BYTZ IR A R T 2 5 2SSl ) 4%
ISR AL BE R R AR | 22 8 5 AT 58l 3 L L 2 X
238 9 245 55 ) SCRK AL A A 2 485X Sl R % T
SCHR AL 07 A0 BE X © A P2 AT U 90 B 45
L1 SEAZTEMES KRARTHETAR

T ST ALBER W R e R AT R B2 A
S, B IE S I 45 | AL 2 5 ) 2% I B 58
SRR AN A A o i L w  a
P iy B 2R Jr . ST 2 R XA T 45 2R
ke — LR R G, A% A T 4 Y
W 245 5 H | INF 25 B8 USRI A L 38 4T BEL BT AR 55 K 4
PEERP AR A7 A — E 22 5 . [ P 1 X 583l I 2% 114
FRHERF o248 F 20 40 40 ER. G ZERRES
OB Bl — & B o Bl 4 3k 7 22 4 S Tl M 4% 5 )
SCRXEL I 25 A 0T 2 1A %L 7 0 2% 2 ik 5 ik 55 0K
S B ALRE AE 5 JE G o 55 T T AR T R R R
RS AT 2B ST 44 AT SR A AR X
B AR EUR T — R IR R AT G T PR
DLAIRT TSR o R AH S BT 58 20 4 P A R 2% 25 4
TR ETT 1. o 2% S5 A BT 58 22 5 1 ki
B — ol A S ) 265 A 4 D B A A R PR AT
DA 2% 0 2% B8 Oy S Al 36 5t ¥ Sl 5 el o 24 A
O3 AT G IO 25 £ /N SRR L B O3 A R A B
SUITAl 9 265 T FE A1 2o A8 5 S IR 2% A A6 A 1]
1 RPN o B U ARE TR O THT 2 2 T e 0 52 I 246 7R 3
T H BB AT RE I K L M TR R A IR 55 K
-5 i O [ g 06 R T SCRK AL B it 4
P51 T2 0 5C 3, 3 240 5 X AL 1) 3 B 55
AR B S 1 VTR N AP 9 s R T
S ABUIE 5SS T8 5 R L S TR A 1 L LI 52 T



52 W 08 T 2SS 18 W 4 5 UK AL B [ 08 AL T 5 2558 <3 .

Fe MR 21 Jhy 2 TS G IR T MK AL B9 % U X A e s
ARSI ORR AL R R AR AE T T A DAY
T B SEAX AL PN RN S0 R A I B R AR A

e Sfe VLt AT RE ) L B U e MR 0 R A5 5 AR AT
B o IR 3 5 SR AL 1 787 42 2y B8 X K 2 2 AT A AL
fili R R A=

1 SRAZEMEEE

TEFT R, &0 © A W58 % I8 AT OD, 3 i
i AL AT OR L A2 R AR OGRS —
oy 2R 3 USZ 3E AT SR o A H SR B AT R AL
/AT R, 2R BT 0 28 X 58 3 A7 75 oK
FRAE RO 5T 2 2R AR TE AR ST 2 RO i, wi#
Py L N B R TR K (e B AN 5 VR el = i R D Y
B AE X BOULAS 1A AT 7 SR RO Rk B AT %
JEA BTN 2 o HLJE 25 52 3 2% A 417 5 ) 215 52 il
130530 O LAAS N R B AL A I 4R T T ik 22 ¥ 1
Ry 2o 5 5 5E I 4% % U o T R R EEE Y T,
25 LA O BL Al B T RO s L T IR K
JE T AT PR BR BT R 1 A R A AT R SR RO
AR AL 20 fad 90 AEARTFF UG L U6 ShAE L AT
HERZH A AT DA T 50 M R AR AT AT AT
17T 2% 7 1A E R R 2 R OG0 e 7 = A
A AT Garcia SV SR T — il [R] B 25 R
T7 A G A7 77 XA B Logit HAT R AR,
M T E XA AT 2 )2 L. BN
Hh2p B X PER, 2 NI K 4] 3 45 2 451 50is
T8, 3 7 2 T 8 X Logit £ & Fl 28 4 =X
Logit B 45 () 21 & AT R0 RS A0 25 e 46 ofe
WHE ) HEX Logit #BBIZEM AN 2 Fros , h FEAl
A7 AT R AR R 5 R 43 B A5 28 A 06 2 50T 2 )
AR AT RO SR TR R 4G AT
s SR ¥R KRB W28 — 28y BT (7 i 4
(Revealed Preference, RP) Hl [ i& i & ( Stated
Preference, SP) ¥4 B9 440 2K By %, o H T 42 41

AT AT TR AT AL 5 5 — 28 O 2 IR A8 R
B RO 3k B2 A 4 A s o 8ds T
DIRERES V€N S €1 o 5 S R A W S A E 12
A2 BT R IR 2 — 2P 0 AT 2 R 8 T
A AT R B AR S T R RRAE

B2 ZE#EFREHEN Logit BEEH

25 b BTk A 52 W 4% 5 T B — Y 52
I 265 BfF 52 L 2 A5 2 3 3 0 2% AT 5 B Sy B L X
2o WS T ) 245 4% 52 i T 2 4% ) 19 8 2 o 4
P73 A R X 55 i L2 A it phe 2 A R 245 7 4 e i
SRR P S TR UK AL D T, EA IR 2 R
TE B0 T 1) AX AL 7T 4 ) 20 A 552 i ) 4% B [
PG REIE Je — A 3t 25 P BE T T A F 5 38 A i IR
Ao RO BR B Al AT F R M AN E AR Z
HIH RP/SP 3 £ 5 22 P R K0 44 1 A7 75 SR 20U
SIFTEERL . BEIRBF IR 200 2~ 3 Fhag il Oy S



© 4o ZzodE M5 g ¥

525 &

B A BATAT N, 2R 48T SCHEL R 1 2 Fi
HAEMAT RGN KB 7301 A FE 8 7, 2838 Bk
i RN B ATAT R D3 R 2 R B R ST I ) 38
AR T BB E A B Rk, HZ R
B 5 1% g 1 28 SCRl ST R AL

1.2 ZEREAHTRESEAR

A3 43 e S 25 G 288 R ST oK 5 4 7 1 4y
Froy 2 F B, “pr Bk RER S M ik
— DR SR AT T B B, 2 A 22 A RN 2 T
G3 AT B FERE T T IR AT R RO /AT AT R A A R
Al A7 #2238 J7 0k 5, 347 J7 R0 i s AR s
Xof I A2 38 ) 285 (%) BEL e 5 A8 5 3 6 4 T DA ) o 5
TA AR A 26w, Sy TR G b R b A% 45 DY By
Bk x 2 A sg i 7 AT RS A A 2 L BR A
G AT RFHOE TS, B A Ah 2 3 doxh 2 88
AT 5% T WY 5838 43 e [B) T J 1 K i o .

2238 3 e AR T S8 H 43 Sk A R Bh A g 2
A 1Y 22 38 43 0 32 2] T B0 ] P AE e AR E 1Y
Y40 RSN 7R 2o 458 X 5 3 ) 2% v 9 2 L 43 A, T Bl
ASCIE 4 BE 5| A B IA) 4B &, 8 T4 R) RS A B
REL | 52 VR[] (Y = 48 0] 8, O T 28 22 38 4y e 34
WP C 28 B B BT 5 s H P YA &R
G5 S A0 1 B M A8 38 A O ARE AR R 2 B B
F YA 1) B AL A 3 Sy e AR A R X £ R K

A2 W 28 1 #2543 B, Evanst | Safwat Z:H%  Boy-
ce FU LK AF £ HoAh 2 . F Shelfi™ F 1984 4
it J7 :K 43/ 228 43 BE LY (Modal Shift/ Traf-
fic Assignment Problem, MS/TAP) i Al I #E47 T
5635 WA B3k 45 O T BIF 58 X 5 N — AT
Jr 2 2 Fpo b A7 5 UM & AT O AR . Mer-
chant S51 7E 1978 4F & Wk #& T ) A& 32 38 4 i
(Dynamic Traffic Assignment, DTA) 25, I %
FHEC 7 R0 1Y J7 125 K 4 3R 2l 285 22 3 I 43 B 7] 7L
B B BT 588 2 iz TR 6 40 1 50 A R B Y | A8 4y
AR A Logit BRI S RAUR R £
B 5C 3 % B Bh A A e A T AT DL AT M
7~ 2 7 AR AR AL S 26 1 Y ) s 3 AR A
A& G AR I PLIL, fif BT 22 4 8 A AR Y B A ARk
ML s “ % H ” (day to day) 3l 25 4 7l & i
32 B B DY % H 3h A5 52 4 il e B
45 F Horowitz™ Al Smith™ fBF 5% , LK Bt £ %
A 45 LAl EE R AY L ) D) A YA A T £ i
MR RIS RGE. WD ERE FMREHE
RASTOL ) i VF £ 0k Ok T AR S i R (Lya-
punov) PREL A ] AT ORI X AR PR R G X
ISR E H o A P e st. & H
Bl 2838 43 T B AR i B A AL an 8] 3 i,

B3 ZEANSKENERERETNL

SVASTIT A X 2 55 AT 58 3 4 e )
FEZ2 R BR T B — I 2% ml ] B 2 B R 4%, H L 5 I8
T 2~3 Mgl 7 UM B 41 I AT AT O HE LU R

Z A 46 vh R Y A AT AR 52 T 19 4% A 20
b B Bl 2 B S H R A BB B i Ty R
BHE AE LA RO



52 W 08 T 2SS 18 W 4 5 UK AL B [ 08 AL T 5 2558 © 5

1.3 ZRAXENES KRARULHAR

T SCORR AL it ¢ IR 2 A X A ol R 4%
AR R 7E— R AR AF T 5K 2 Sl AT
e K AUHX AL 55 R 45 40 Ak J7 S8 oA T T B Y AT SR AT
55 o T A 5T T 2R A 2 5 52 ) 45 BT
it C B A R AL | E B AL A

TS AR SC AT 5 T R AR T v Ak 52 T &)
HUOHr . Ak BE 280 2R RO ST
AR A w3 T e 4545 200 R G0 PR A SR R AR A
Ko A% 25 3Nl AR G 1Y IR 55 RURE - 5 JE 22 Bl 52 il T
A ZZ 38 W25 0 A 3 1 BOR B2 19 2. Gall-
otti FF Rk W 4 2238 Iy A2 M HEAT U 5 A R Y
ME L B 2 52 19 45 52 2% 1 G 38 i R REARE B £ T i

K. WL, FFH R LENE  GIS B M RS
P2 | 8 2% [N 24 S 4SS 7R O i Ttk Ay 22 458 5 50 3 ) 4%
BAY 2 AN R 2 oL, O &% B AN ) i £ 4k H AR5
N Beaton %V S Ml T 2 Fp A iy Wi 178 5
25 [B) 75 3K % S 4l 29 W PR 2 R G AT T B IR
PrR T TR, — 22 3 4 I R O T R S A B
G HAR, M 15 2 B b5 00k )8R A TR B IF 5 A
SRRy A X 5 4% R A A 56 AR ) A aE
177 A5 07 1 A AR G 2 S 58 5 5 Jk 5
PR F WG R G AT T I 5N, K
] 27 3 7E 2o 68 o 5 3 W 4% AF 5% L &R e B R L VR P
Ivi) Fic 2 45 7 T BUAR T — R AR, 2R
M L&A Z G & 4 s .

4 ZEAMNERLER

Il 25 S X 20 S 22 M 5 0E Hh AT IR FE Y
SRBETT L, PR AR A1 B 0 1 T 8 o J2 o 2 Y BF 5
PRz —, Hi AP B i LA RS
PR A5 B8 7wk N T A 8 A A1 1Y 38 Bk A JRy A2
Bowe . Hur. KEZEWR 2 R & T i
ARG ST B X AP SZ AR AL, 40, Lin 480 76 0F
GE RN B ARl P+ R B 0y AL AT T S, L
B EAE AL, Yuan ST AR ALK AL
)25 RIS e e T J'e TSP R A, 4R 4 T AKX A IR 55
TR 5 AL SR mg . Zhou 257 X R 5T R b T B
THRE A AP HT T R UK o B, 4k BIF ST
25 MR T 3T A ) ) SCAX 1 B I Y IR L O R
ZRFPEAEMRAL, W Do ETHRE TRARES
BT A2 3P Y T R AT O X K A 48 e 1Rt A T
Do il — 2 35 D) S0k 0 38 5 3 X A i A0 3
LW S T R AT T L R T A
el s IR SR g . Chen 5577 231 T %1
T A 3 4 T X 41 114 3 75 FRAT Sy o LAGE T 4 M 4R
AW I, ISk, Song AFVY RLAE £ K

At/ FAR R T 45 AR R 8 SR 55 Y Bk
FMIRNTT %

gL R BRI B A T — o MOR L B
L35 A2 38 i o o R R U T L N0 2% A JEE Ak
S A A5 R AR T 22 A5 2SS 3 ) 45 28 RE 1Y T oK A
Jei 0] T BAT BE T R 2 56 i 20 A 552 W 4% 45
BRI BT IR AL . K 22 B X 20 48 g T W) 45
F% A5 X R 3 e = 2 O A T 4 3t R O R AR
PEHIFTE . B oh A A U R AT 5 i G 3 1 Tl
Xt 1 2 388 X AL A A 7 Sk T S aE R A Ak T A D
BVAIUR: (R AN O &= A DR Qi El o B ) N R R ]
A S Ve el L DR o N O A i 92
J7USCHKE A T R R R IR 2 W R K R e
FOAY B AT S SR A S 58 o 6 3T | SCHR AL
Ik i 22 A6 XS 3l 1 4% ) — A1 B U T ARG A P B
FIRATAL.
L4 ZEAXENES XRAHEHAR

it — 25 PPAl A T 8 U ARCR B 2 A X
W 45 55 HX AL 3z A 155 0 o (6] PN Ak 2 2538 R L 22 i A



© 6 ZzodE M5 g ¥

525 &

T B AT AT S . ST, B A R
rh RO A2 E AU B 5 47 TransCAD, Tran-
Star, TESS NG, EMME, VISUM, VISSIM,
MATSim #1 Anylogic %, H, 35z Z & Tran-
Star ( Transportation Network System’ s Traffic
Analysis Software) J& A fg K2 UL TR # 0 £

23 T AR 3 7F 58 38 i i U N 24 B RE 2R A 5
B FE A I R A T R G & BRI
TF R0 0 B2 3 45 T %2 10 T 1] B 00 58 38 17 L 4K
f TESS NG 41, B N A i B A M0 [ 3 5R
R 38 T 255 2838 2 e B8 1003 B 5 05 B F & Bk
HE AR E 5 piR .

B5 XIEZE TranStar BT ERAZBEMEHRHESTRGERE

B 22 4 52 W 4% L 2 2 fili ] TransCAD,
TranStar, VISUM % 22 WL 100475 204K 18 T R AT 5% .
WP oE FEE T H AT OD, B M i B 5E 42 W B 47
BT, H 22 0 o i 5 T Al . 1000 B O 9 o 9
75 1 . Crisan 2517 ff 1] VISUM X % 1 J@ 7 4 1
(1 22 W A8 38 AT T 0 L AR BOAS Fh IR O BT
W FNS R R EMA ISR R R, ZHaT Rk
FH /05 2R 43 25 2 3 A58 R0 DA 1 L 20 R0 S T
4 8 B 5 R RN 22 Ik A T 2R 4328 3l 43 L A
AR (8 P T S0 B o b A T R R
Chalumuri %55 5 T[] 45 14 25 5080 , 8 o O Z0PR A
TSN ES 2R A BT, 2R
W 45 32 17 5% R S M 5& 15 bR PE Y 7 1T, Cipriani 2502
N KA % 1T W LA S LR Bk S & R R
P B T Bl 11 52 18 00 4% 1143 8 A | He e f
PS5 AR s Ruyang 2609 38 (5 B F- B {00 i34
AL B SR MR T 76 % S84 AR 3 T I 5 F 1 A )
s, ULAh A B 9 56 1 AN [R) 52 38 B0 ok A2
HAF- B 5838 R GLAs AT R, A1 Gholami %
AR RN R U T o= Rl IR G SN i

SRR ARAE PN Y 22 38 M 45 B 0 1R &R L JF 3T EMME
D5 B T 6 ANt T H X T 45 PF 0 15 A5 59 52 R
Cipriani 4 56 B KR 2 5w i 41 3 0 9% B3R
IEIE TR A7 7 2k 8 45 A B0 X6 22 i 2 3 5
HEAT P LA . &F X UK 4, 2% 3 W 2 i FH Any-
logic, VISSIM & S WAl ELAR A4 L 3 T AX 20 P9 38 & i
G DA T AT B S BEAL, T AR T AR AL &
Tt 2H 2 48 3 A5 T R )7 B AR B 5L SR 4 N
AT 290 ] R0 Ay T DF A AK AL P e R 55 RE
FIT IR AR AL N & AT O S ok S R, An gt s
PSSP T R T U PR UK 4 3 AT AN 1 A R
G o A AX A TR i 15 A A ) R RN T N O G 3T )
BRI 5. A, AT 25 H FE 4 TranStar
5 SR A A L 2 485 2 58 3 I 246 32 A7 15 O R 4 B
J SRR AL P e TR AL o DI AL B A B 2 SR B
T b BREERE T SCRE AL 5 B R ) SCRK AL 1Y
e e it i it is UL A 5 0 R G E AR AL T Rk )
B

25 Lk RS 2k o O AT 0 22455 X 5 ) 45 A
J7SCRR AL T R Tz i JE AR A AR AE LT OR



52 W 08 T 2SS 18 W 4 5 UK AL B [ 08 AL T 5 2558 A

2 2SI ) 45 ) DT T A BE SR 2 AL
I8 T 28032l J5 2L I R K 2 A A & AT,
R S B 22 ) il 5 2L R AT R B9 Sl M 2% s
O B b o 7 SO AL 05 E075 T8 S 24 iR 22 0F 58 5%
{3k T X6 A1 5 K 2 ) BOUE R TR 3T 22 A
A28 v 18 28 36 5 3 e e ol 2 1 SCHK AL 2% 8 1 A
JA R 5 AT T O AR T R I 45 & A TR
AT SO A 25 1 AT T 304 B SRS T LS
FERR T Z R4 5T KA P R AL

2 HRERXEAME

ZE L RTIE A o BT B 2RSS R 2%
I SCHR AL I 5 SR AR 20 A7 L 2838 20 S L I Ae 7 3k L 15
HAFFEIT T 2 MW S (B AR S E 525 A7 16— 5E J=)
BRE. i 2 B2 AT RR .2
PR 25 E 25 e e a4, 22 I i AR il v KT
v )3 55 A A JRE TS A o T > R AR OC B 18 #fE LA
N 22 05 A A AT A HE LS o 2 e
i [ 24— R A o B 5 B RO fl . 4 A BUAR WF 5 25
WEARAR A S, SO AR LT BF 5T E R R
Jrla .

DI Z XU & H AT H K- AWM 5T
SURK AL L5 R ik 23 B

A S LR N NN T
F G BB R 2 R 28 S5 4 L 50 R T UK
A7 2 A58 S 2% v B0 16 1 e A T A B —
SISO AL 5 2o A XS T R 2% 1 I A R AR S R
TAZHAFAE . FEBEZE M, TR BT 5T 20 4 558 3 ) 4%
Hh A% I 4% 20 23 R L 20 B 22 1 S ] R 2%
(7 SCHR ALRRAIE S 8 57 SCHK 201 787 5 20 48 500 4% 1Y
— R 25 P RE 23 T B, D i — 2P IF 5 2 A
AT EOone s S A 110 A = W T N S 2 K
UL L3 oy WX AL 2 G A AR IS . AR AT SR TRA
et 2R 8- AL B B T AR R ST AL &
AT R 5 R PR HLEE L BF 50 % WLAR 31 R 5 A~ iR AT
N H AL S A8 E 7 Ik 5 3 kT 2 U A i K di
SRR WAL AT 7 SRR 5 R AR o M 05k
ARG AT R L B R 22 L) P 2 0L AT
oA 5 07 A e HOR BE AR A BEE S A

)3T 28 A S — R AL AL AT 07 SR -
By i A5 2 73 B

B 2 20 e B B i AT O SN LKL
AR AL 4 e iz 55 7K 9 4R e DL RORT P AT 7 SR Y
AL T 2 AR S T I 2% T iy 4 G R AT O R
i R AREC LTS, 5 BB B A 2

S ) 2% B AL A AT 9 7 SR 5 A2 T 4 T
BRI A AT 5 L Pr . WA L ERA R Z
Tr G MATH R 5 2R 2 45 i T pLEE
TEA S AT REFEAT o A i 6 Atk L DR AR 4 5 h AT
J7 330 7 ok B 4R i 4R 5 AR R I 5 508 0 E
B IF iR 2 B W 4 sl sy e h 2 05 Al
A IATIE SR 0 30 A B AR BE T B AR 4R AR L O
AT B ERAS Y AR T R E H ) 25 28 5E 43 e A A
14 22 15X 0 265 37 5 SCUEE 5T W B I A R AT
1 — R AL 2 5 T 23] 732 3 o e A 2 B 4 i A
B B AT AL G AT O7 U AR B R AT
N R 2R ST W 2% 5 T SORK AL A 1k B 3t i i 3t
it o AR AR S HE

3)F IR SO AL 5 3Tl 2 A5 X Sl it A 1k
4 I R AL T vk

DATESE X 3l el ) SCAR A 5 00 5 40 Ak i BF 2 2
RART X H0 % 18 HK AL 19 IR 55 1k 5 2 A X 5 aE
AR AL - ol = 38T Y A A 22 A XS ]
A PETRFAE > AT o e B HE OGO AL
Z RS 2 ¢ DR P [ ML Sl L KK A % A 30 Bt
BCE B 7 ¥ AL A ¢ 0 2% )2 18, £ 57 3T 2 4 5
i P 245 A5 TR AR AR AN [ 5 2 1 0 2 AR 4 L R 45
AR AT 2K R 22 0 58 3 9 45 10 45 4 ) 4
R ITE R HE bR BT ) KR A5 28K 3858
W0 28 ik R AIE A 05 12 B HESR fige 33k, DAk — 22 32 T+
ZRRYRE L e R LT P 4 s X AL )R T T s R AL R
SRR ELAE D7 1 A0 20 A Sl A AT R Y T
WX AL v 2 i <3 T 3R 4 ofe B0t L A R A R
T AR A AL PR, AT %
OO I AT N B A5 DA T B G il 2 AT
e oK A AEBERT AL 5 AR T8 )2 17 L 2 T 2 AR
2% v O ) 22 7 3 23 B8 IR AR AF R AR 580 12
03 M 2o B A28 28 48 0938 47 15 L 0 Ak 22 4 50

BRI E .
DA AT FT kol 285 m M 4 5
SURKEL (15 B T7 iR &

ST 20 WS 3 R 2% 5 ) SCOMK A T B A 1
B EHSUL Fe 2B P HE LB X i B s AR T e
KA RS2 B A9F 52 3T 22 458 2503l R 45 5 ) SR 4
5 B 5 4 SR B I Ak O S VA L % DR AR 40 BT 45
el S, HRrIR ol 2RI M 4 5 ) X
WX AL D5 AR M T 3 2 BN & AT T X
WAL SCTEA P AN AL o A Sy 5 B i Ji 22 468 5
S R 25 ) R A 2 07 SN A AT AT O T
U R AE 2> A, f5 i 22 07 AL & I AT 0 3R 55 O



e 8 . ES

iR 5

EZ B 525 &

S Z RS 0 2% 5 )T SO A 5 SR A AR RE T
fiti 2R A A T8 — A 4l A7 J7 SR k22 T )
TiC 20 B A8 58 W 2% 5 ) SRR A1 2 s B S AL
SEHCIIRE. LB B Z WAL UG AT R T
Z RS W 2% 3 47 5 BRI 25 g 22 J7 AT A SR 19
Sl ) R A B AT 7 H I8 AL AT SR T
ST 22 S W 2% 5 ) SO AL BT R &R

3 £

T i) [ K 2 22 18 22 0 S — IR L Rl R T Y
R 2R B X 2R3 T 22 5 X 5l ) 2% A R
i ke = Py [5) [ A

DA H I 1) SO AL A9 BE & AE L 9 [
LR 2 KA A W 45 5 ) SORK AL {5 4 A 0 BT L 2 46
AT 22 o BE L 2 S A Ak T7 ik R G H
W 5T A8 T3 W BEAT T W58 ik SR £33 5

DEEARK LRSI T 4 RUFTEE KR
TEJ7 ), A 458 T 22 B2 A 1 A7 5 SR -2 U 2%
57 SCHRAL AL 28 10 A L 3ok iy 22 468 552l — 1R Ak
A AT T A3 - i S Sl o e L 5 08 ) AR AL
55 3T 22 A S B R R B B ) AR O iR L DL
A AT SR R I 28 XSSl R 4% T SO
AP H TR AR

AR T AT T 1 K A A T B Y ek
LR ACHH AR G . S5 B iy IO A S E I % AR 4 L K P
L 2 251 i P A SO

%

e

7

N

L

(1] sl g, | 55 B, 52 3 9 e % 40 22 [ EB/OL .
(2019-09-19) [ 2022-11-20]. http://www. gov. cn/
zhengce/2019-09/19/content_5431432. htm.

(2] bk, B 55 B, B K86 30 388 W R 99 %
[EB/OL]. (2021-02-24)[2022-11-20]. http://www.
gov. cn/zhengce/2021-02/24/content_5588654. htm.

[3] VERHOEF E T, KOH A, SHEPHERD S. Pricing,
capacity and long-run cost functions for first -best and
second-best network problems[]J]. Transportation Re-
search Part B: Methodological,2010,44(7) :870-885.

[4] WONG S C, YANG H. Reserve capacity of a signal-
controlled road network[]J]. Transportation Research
Part B: Methodological ,1997,31(5) :397-402.

[5] EWING R. Sketch planning a street network [ ] ].
Transportation Research Record,2000,1722:75-79.

[6] ANGELOUDIS P,FISK D. Large subway systems as
complex networks[ J]. Physica A: Statistical Mechan-
ics and its Applications,2006,367:553-558.

[7] DERRIBLE S,KENNEDY C. The complexity and ro-

(8]

(9]

(10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

bustness of metro networks[ J]. Physica A: Statistical
Mechanics and its Applications, 2010, 389 (17 ).
3678-3691.

BAKREE, B, E. SCE B W E R
HAMX B R @z AzR LRSEL,
2005(2) :79-84.

MR SRR W], AL T I R W 4 1 B AR
o0 6 e 1 S R g )], IR 2 i (T O
2016,49(5):701-707.

FAE. AL T A 2% W 28 19 23 58 4 I e 1 2 BT A5 0 A BIF Y
[D]. dbxt.Jbmi3gi K4, 2020.

A2 ST I Sl A A 2% A G s M T Y
(D], . FacE K. 2017,
BRIAN C, O' MAHONY M. Transit capacity and
quality of service manual applied to a bus corridor in
Dublin, Ireland[]J]. Transportation Research Record,
2004,1887:195-204.

KRUEGER H. Parametric modeling in rail capacity
planning[ CJ. 1999 Winter Simulation Conference Pro-
ceedings. 1EEE,1999,2.:1194-1200.

CURRIE G, LOADER C. Bus network planning for
transfers and the network effect in Melbourne, Aus-
tralia[J]. Transportation Research Record,2010,2145
(1) :8-17.

YANG M,WANG W,CHEN X,et al. Modeling desti-
nation choice behavior incorporating spatial factors, in-
dividual socio-demographics, and travel mode [ ] ].
Journal of Transportation Engineering, 2010, 136 (9) :
800-810.

VEGHE. 0T B8 52 38 15 ML 28 TC 88 18 HE T BIF Y
(D], K. PR A K%, 2014,

RN R A R A T R M R R LT R
N2 24 (B TR 2016, 33(5) :544-550.
At AT e, T 5 e TR A AL 114 22 5 32 5 I 459 g
BT S ITEH[D]. B A AR K2, 2019,

WRWE. 3 T 22 X5 3 A A %% Il 7 o g ) R ST LD .
IR AR AL R 24,2019,

TRAIN K E. Discrete choice methods with simulation
[M]. New York:Cambridge University Press,2003.
PINJARI A R,PENDYALA R M,BHAT C R,et al.
Modeling residential sorting effects to understand the
impact of the built environment on commute mode
choice[J]. Transportation,2007,34(5) :557-573.

LIU C,SUSILO Y O,KARLSTROM A. The influence
of weather characteristics variability on individual” s
travel mode choice in different seasons and regions in
Sweden[J]. Transport Policy,2015,41:147-158.

BiAe, Bog [, BRI, 5F. 255 KB X AR & H o 52
WA R [T] K% R CA BB,
2014,34(2):94-98.



%2 W M IR IR T 2B 2 A0 W 45 5 1 UK A B AR AR BT 5T 2 A 9 .
[24] BUNCH D S. Estimability in the multinomial probit (397 sk, 414 4788 2T 3k T 52 38 9 49 e A 70 5 8 vk

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

model[J]. Transportation Research Part B: Methodo-
logical ,1991,25(1) :1-12.

VOVSHA P. Application of cross-nested logit model
to mode choice in Tel Aviv, Israel, metropolitan area
[J]. Transportation Research Record,1997,1607 (1)
6-15.

GRAYSON A. Disaggregate model of mode choice in
intercity travel[[J]. Transportation Research Record,
1981,853:36-42.

KOPPELMAN F S, WEN C H. Alternative nested
structure, properties and estimation[ ] ].

B: Methodological,

logit models:
Transportation Research Part
1998,32(5) :289-298.

GARCIA R, MARIN A. Network equilibrium with
combined modes: models and solution algorithms[ ] ].
Transportation Research Part B: Methodological,
2005,39(3) :223-254.

ZHANG J. TIMMERMANS H., BORGERS A, et al.
Modeling traveler choice behavior using the concepts of
relative utility and relative interest[ J ]. Transportation
Research Part B: Methodological, 2004, 38 (3):
215-234.

KONO Y, UCHIDA K, ANDRADE K. Economical
welfare maximisation analysis: assessing the use of ex-
isting Park-and-Ride services [ ] ].
2014,41(4):839-854.

LIU Z,CHEN X, MENG Q. et al. Remote park-and-

ride network equilibrium model and its applications

Transportation,

[J]. Transportation Research Part B: Methodological,
2018,117.37-62.

RO, A W R T MU £ 07 X A AT
B AT D] B AL AR K%, 2018,

WVLE. ST R0 5y i Z AL G AT 40
[D]. Hiat: KRR, 2021

GRAYSON A. Disaggregate model of mode choice in
intercity travel[ J]. Transportation Research Record,
1981,853:36-42.

NS I P S S TNV & (R e 2R e
IIHrERIRLT ). RO AR, 2021,84(12) :175-202.
PELLETIER M P, TReEPANIER M, MORENCY C.
Smart card data use in public transit:a literature review
[J]. Transportation Research Part C: Emerging Tech-
nologies,2011.19(4) :557-568.

MAHAJAN V, KUEHNEL N, INTZEVIDOU A, et
al. Data to the people:a review of public and proprieta-
ry data for transport models[J]. Transport Reviews,
2022,42(4) :415-440.

EEVSRPUS ) M I e DY SR BN PN
#,2011.

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[D]. Jbat.db st scid R, 2013.
SAW K,KATTI B K,JOSHI G. Literature review of
traffic assignment: static and dynamic[J]. Internation-
al Journal of Transportation Engineering,2015,2(4):
339-347.

SHEFFI Y. Urban transportation networks: equilibri-
um analysis with mathematical programming methods
[M]. Upper Saddle River:Prentice Hall,1985.
SMEED R J,BECKMANN M, MCGUIRE C B, et al.
Studies in the Economics of Transportation[ J]. Eco-
nomic Journal,1956,26(265) :820-821.

DAGANZO C F,SHEFFI Y. On stochastic model of
traffic assignment[]J]. Transportation Science, 1977,
11(3):253-274.

DAGANZO C F. Unconstrained extremal formulation
of some transportation equilibrium problems [ ] ].
Transportation Science,1982,16(3) :332-360.

EVANS S. Derivation and analysis of some models for
combining trip distribution and assignment[]]. Trans-
portation Research,1976,10(1):37-57.

SAFWAT K,MAGNANTI T. A combined trip gener-
ation, trip distribution, modal split, and trip assign-
ment model[ J]. Transportation Science,1988,22(1):
14-30.

BOYCE D,ZHANG Y F. Calibrating combined model
of trip distribution, modal split, and traffic assignment
[J]. Transportation Research Record.1997,1607:1-5.
MERCHANT D K,NEMHAUSER G L. A model and
an algorithm for the dynamic traffic assignment prob-
lem[J]. Transportation Science,1978,12(3):265-273.
R, W A M 4 o B BNE S 9L IM. b
50 N R ASHE A, 1994,

LEBLANC L J, FARHANGIAN K. Efficient algo-
rithms for solving elastic demand traffic assignment
problems and mode split-assignment problems [ J .
Transportation Science,1981,15(4) :306-317.
UCHIDA K, SUMALEE A, WATLING D, et al
Study on optimal frequency design problem for multi-
modal network using probit-based user equilibrium as-
signment[ ] ]. Transportation Research Record, 2005
(1923):236-245.

LOZANO A.STORCHI G. Shortest viable path algo-
rithm in multimodal networks[J]. Transportation Re-
search Part A: Policy and Practice, 2001, 35 (3):
225-241.

LIU W, GEROLIMINIS N. Doubly dynamics for
multi-modal networks with park-and-ride and adaptive
pricing[ J]. Transportation Research Part B: Method-
ological,2017,102:162-179.



. 10 . 25

iR 5

EZ B 525 &

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

CANTARELLA G E, VELONA P, WATLING D P.
Day-to-day dynamics & equilibrium stability in a two-
mode transport system with responsive bus operator
strategies[ J]. Networks & Spatial Economics, 2015,
15(3) :485-506.
HOROWITZ J L. The stability of stochastic equilibri-
um in a two-link transportation network[]J]. Trans-
portation Research Part B: Methodological, 1984, 18
(1):13-28.

SMITH M J. The stability of a dynamic-model of traf-
fic assignment: an application of a method of Lyapunov
[J]. Transportation Science,1984,18(3):245-252.
SMITH M J,WISTEN M B. A continuous day-to-day
traffic assignment model and the existence of a contin-
uous dynamic user equilibrium[J]. Annals of Opera-
tions Research,1995,60(1):59-79.

HUANG H.LAM W H K. Modeling and solving the
dynamic user equilibrium route and departure time
choice problem in network with queues[J]. Transpor-
tation Research Part B: Methodological, 2002,36 (3) :
253-273.

MOUNCE R,CAREY M. Route swapping in dynamic
traffic networks[ J]. Transportation Research Part B:
Methodological ,2011,45(1) :102-111.

GUO R Y,HUANG H ]J. Chaos and bifurcation in dy-
namical evolution process of traffic assignment with
flow “mutation” [ J]. Chaos, Solitons &. Fractals,
2009,41(3):1150-1157.

SZETO W Y,JIANG Y, WANG D, et al. A sustain-
able road network design problem with land use trans-
portation interaction over time[ J]. Networks &. Spa-
tial Economics,2015,15(3) :791-822.

GALLOTTI R,BARTHELEMY M. Anatomy and ef-
ficiency of urban multimodal mobility [J]. Scientific
Reports,2014,4(1) :1-9.

X, 2@ T P+R 5 K+ R 3 R A
ﬂ:%@aﬁ[m. M AL AR R 2020.

BEATON E B,BIALOSTOZKY E,ERNHOFER O, et
al. Designing bus rapid transit facilities for constrained
urban arterials case study of the selection process for
the Webster avenue bus rapid transit running way de-
sign in New York City[J]. Transportation Research
Record,2013(2352) :50-60.

BEN-AKIVA,MOSHE E. Smart-future urban mobili-
ty[J]. Journeys,2010,11:30-38.

CHOW J Y J.SAYARSHAD H R. Symbiotic network
design strategies in the presence of coexisting transpor-
tation networks[ J]. Transportation Research Part B:
Methodological ,2014,62:13-34.

Bt E . 2)2 W2 RS 5 2C 3 P 4% BT BT

[68]

[69]

L70]

[71]

[72]

(73]

[74]

[76]

[77]

78]

[79]

[80]

FElT]. 2l i A5 TR 515 8. 2010,10(2) :23-29.

TIRHME, ol 2R G Gk R AL T His S
Jik[D]. B W5 R, 2012,

FIME. 5T 2207 =000 30T G % 5% U B 9 TG 00 Ak O vk
WFoE[D]. P At AR g K%, 2013,

Rfife . AR HE 507 LML deat iR R
fttt: 5 2006.

LIN T, XIA J] H, ROBINSON T P, et al. Enhanced
Huff model for estimating Park and Ride (PnR) catch-
ment areas in Perth, WA[J]. Journal of Transport
Geography.2016,54:336-348.

YUAN Y L,YANG M,FENG T,et al. Heterogeneity
in passenger satisfaction with air-rail integration serv-
ices: results of a finite mixture partial least squares
model[ J]. Transportation Research Part A: Policy and
Practice,2021,147.133-158.

YUAN Y L,YANG M,FENG T,et al. Analyzing het-
erogeneity in passenger satisfaction, loyalty, and com-
plaints with air-rail integrated services[ ]J]. Transpor-
tation Research Part D:
2021,97:102950.

ZHOU Z Y, YANG M, CHENG L,et al.

Transport and Environment,

Do passen-
gers feel convenient when they transfer at the trans-
portation hub? [J]. Travel Behaviour and Society,
2022,29:65-77.
DU B, WANG D Z W. Continuum modeling of park-
and-ride services considering travel time reliability and
heterogeneous commuters: a linear complementarity
system approach[ J]. Transportation Research Part E;
Logistics and Transportation Review,2014,71:58-81.
CHENG Y H,LIN Y C. Expanding the effect of metro
station service coverage by incorporating a public bicy-
cle sharing system[J]. International Journal of Sus-
tainable Transportation,2018,12(4) :241-252.
CHEN E, STATHOPOULOS A, NIE Y. Transfer
station choice in a multimodal transit system:an empir-
ical study[J]. Transportation Research Part A: Policy
and Practice,2022,165:337-355.
SONG Z.HE Y.ZHANG L. Integrated planning of
park-and-ride facilities and transit service[ J]. Trans-
portation Research Part C: Emerging Technologies.
2017,74:182-195.
CRISAN H G, FILIP N. Traffic modeling aspects u-
sing Visum software and effects on the traffic optimi-
zation[ C]. Proceedings of the European Automotive
Congress EAEC-ESFA 2015. Springer, Cham, 2016
495-506.
0. WOl EE I8 5 W A S E T R 5 4
BLBE IR FE (D], 7Y% KR, 2013,

(F#% 31 1)



%2 3

T UUZ MR BEALT B HILIZ T 2 R 4 AR A i T

e 3] o

[9]

(10]

[11]

[12]

[13]

[14]

H-S 9 2 % 42 5 2 B (). & 48 T . 2019, 37 (3)
105-114.

TV o SR, e R, ST T B (] R A A AT 2k T 4
MABERI[T]. R4 TR 5o 575K, 2020,42(11):
2553-25509.

ALUMUR S A, NICKEL S, ROHRBECK B, et al.
Modeling congestion and service time in hub location
problems[ J]. Applied Mathematical Modelling, 2018,
55:13-32.

GHAFFARINASAB N, MOTALLEBZADEH A.
Modeling and solving the uncapacitated r-allocation p-
hub median problem under congestion[]J]. Computa-
tional and Applied Mathematics,2021,40(7) :251-259.
O’KELLY M E,CAMPBELL ] F,CAMARGO R S D,
et al. Multiple allocation hub location model with fixed
arc costs [ J]. Geographical Analysis, 2015, 47 (1)
73-96.

GHODRATNAMA A,ARBABI H R,AZARON A. A
biobjective hub location-allocation model considering
congestion [ J ]. Operational Research, 2018, 40 (1)
1-40.

CAMPBELL ] F, MIRANDA G D, CAMARGO R S
D,et al. Hub location and network design with fixed

and variable costs[ C]//Hawaii International Confer-

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ence on System Sciences,2015:1059-1067.
KRG SO TR, L X A s 2 R AL BA 5 Ak 4%
I A MR T )], R GE LR . 2021,39(6) :99-107.
MAHMUTOGULLARI A I,KARA B Y. Hub location
under competition [ J]. European Journal of Operation-
al Research,2014,250(1) :214-225.
NIKNAMFAR A H,NIAKI S T A,NIAKI S A A.
Opposition-based learning for competitive hub loca-
tion: a bi-objective biogeography-based optimization
algorithm[ J ]. Knowledge-Based Systems, 2017, 128
1-19.
MARIANOV S R. Location of hubs in a competitive
environment[ J |. European Journal of Operational Re-
search,1999,114(2) :363-371.
. TE 4 BRIE R B bR 4R A ST £ 0 45 4 Ak it
[D]. W . U3 T k2% ,2018.
WA A SCAR. R PR BE R A 4 WA 2k 45 R AL
(10 2 5 H AR ,2016,46(3) 1 67-71,74.
B E KRR, ST CRITIC-TOPSIS ¥ 9 3k 17 58
P B AR ) 4R B e L) . 3T R 5 &, 2021, 23
(2):1-5.

[REHRE B ®]

(E#% 10 )

[81]

[82]

[83]

[84]

CHALUMURI R S, NATH R, ERRAMPALLI M.
Development and evaluation of an integrated transpor-
tation system: a case study of Delhi[ J]. Proceedings
of the Institution of Civil Engineers, 2018, 171 (2) .
75-84.

CIPRIANI E, GORI S, PETRELLI M. Transit net-
work design: a procedure and an application to a large
urban areal J]. Transportation Research Part C: E-
merging Technologies,2010,20(1) :3-14.

RUYANG Y, XIN L, NAN Z,et al. Simulation-based
analysis of second-best multimodal network capacity
[J]. Transportation Research Part C: Emerging Tech-
nologies,2022,145:103925.

GHDLAMI A,ZIAEE M. Development of a perform-
ance measurement system to choose the most efficient
programs, the case of the Mashhad transportation sys-

tem[ ]J]. Transportation Research Part A: Policy and

[85]

[86]

[87]

[88]

[89]

Practice,2017,106:261-277.
CIPRIANI E. MANNINI L, MONTEMARANI B, et
al. Congestion pricing policies: design and assessment
for the city of Rome,Italy[J]. Transport Policy,2018,
80:127-135.
ZULFADLY A B,SYAHRIAH B, MARIANA M O.
Simulating the pedestrian movement in the public
transport infrastructure[ J]. Procedia - Social and Be-
havioral Sciences,2016,222:791-799.
XA . T 8 B 5 T L T 5 e e Ofe it 1 5 g )
PEREWFZE D], dbat b at 223 K 4%, 2014,
Hh L 22 ) A S E A A b e T AT A A S 0
FAPHTD]. R - 74 R 223 K2 L 2020.
T, T 2R A B I % P A % U A T
D], Miat: A M R, 2018,

(SR E4%E WM k]



