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Table 1
An illustration example.

Factors Choice scenario A: from Choice scenario B: from
home to shopping mall 1 home to shopping mall 2
Bus Metro Bus Metro
Cost 5 CNY 5 CNY 5 CNY 5 CNY
Travel time 45 min 65 min 45 min 35 min
Real choice Chosen Not chosen Not chosen Chosen

Note: 1 CNY = 0.14 dollar.
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An illustration example.
Factors Choice scenario A: from Choice scenario B: from
home to shopping mall 1 home to shopping mall 2
Bus Metro Bus Metro
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Table 2
An example of choice scenarios and data formatting.
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Step 1:

k . |4~~~ Scenarios Choices | Alternatives Features
Data preparations as Figure 1
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1 Cija 2 Xija1 | Xij22 | Xijrm | e | Xij2k

Step 2: i
* MCDM-based approach Integrating knowledge-based decision
¢ RMT-based approach > making theories via feature

¢ UMT-based approach transformations using the proposed

Cijg q ijg | Mgz | o | Xijgm | - | %ijgk

E!'J‘R n Xijn1 | Xijnz Xijnm Xijni

approaches

1

Step 3:
Processed datasets with new transformed
features

1 Training data

agei
Step 4: — F
. Tree-based ensemble algorithms to model |~ Bagged sample e N '
Cross-validation }—’ the relationships between the dependent B 7 T

~
variable and new transformed features
1 Single decision tree

Step 5:
Testing the performances of proposed
model in choice scenarios using both
estimation and test datasets

Fig. 1. The proposed framework.

Table 3
An illustrative example of a choice scenario about mode choice,
Scenarios Alternatives (e.g., transport modes) Features Choices
Cost Travel time Travel time reliability Passenger density in the carriage
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j 2 (metro) 4 (NY 50 min 2 0 Gip
3 (Park and Ride) 16 CNY 35 min 10 0
4 (bus) 3 CNY 35 min 14 6 Giia
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Table 6

Predictive performances in two test datasets.
Models Datasets Accuracy Precision Recall AUROC score F1-score
RF 0.6869 0.2174 0.2174 0.5108 02174
RF-TOPSIS 0.8483 0.6208 0.6208 0.7630 0.6208
RF-RMT1 First test dataset 0.9014 0.7537 0.7537 0.8460 0.7537
RF-RMT2 0.9260 0.8151 0.8151 0.8844 0.8151
RF-UMT-RMT2 09110 0.7776 0.7776 0.8610 0.7776
RF-UMT 0.8257 0.5643 0.5643 0.7277 0.5643

First test dataset — RE-Topsis
= RF-RMT1
Accuracy RF-RMT2
= RF-UMT-RMT2
UMT

Precision F1-score

Recall AUROC score

Fig. 5. The predictive performances in the first test dataset.
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Table 7

Predictive performances in the second test dataset.
Models Datasets Accuracy Precision Recall AUROC score Fl1-score
RF 0.6471 0.4706 0.4706 0.6030 0.4706
RF-TOPSIS 0.6598 0.4898 0.4898 0.6173 0.4898
RF-RMT1 Second test dataset 0.6693 0.5039 0.5039 0.6279 0.5039
RF-RMT2 0.7036 0.5555 0.5555 0.6666 0.5555
RF-UMT-RMT2 0.7158 0.5738 0.5738 0.6803 0.5738
RF-UMT 0.7078 0.5617 0.5617 0.6713 0.5617

21290740 — 192616b 1291 brods2
ITMA-3A —

\261U20A

STMA-3A
STMA-TMU-3A ——
TMU-3A

91022-I9 noizina9g

91002 DOAUA llsoeA

1291 2ieardinye odi i 29onsmotiaq svidibsiq st gnoms 2nozitsqmod .9 .8
192516b



wiS o ) RF 4 G 6 g oS cimsisions 0,5kee RF-RMT1 s RF-TOPSIS osls ac oz
5 RF-UMT-RMT2 4 RF-UMT RF-RMT2 . Jl> ) b i)l g5 L slocsglis Ll

oo 00ld (4L B S 4o a5 jelailen wiyls 0aisS o ien sloo Shee o (s ydan sble RF L avslis
oS sl 0.5738 s 5Lial glls 50,00 Joe ds oy o 1, 0,Skae 00,200 RF-UMT-RMT2 o
e |, s skael RF-UMT s RF-RMT2 .ol (0.4706) RF s jlal 51 55,5 21.97
e 39n2 RF L auylio 0 (0.5555 15 0.4706 5 %17.9 4 (0.5617 «,0.4706 ;) 19.37
=9 b6 polie RE-UMT-RMT2 3 RF-UMT AUROC RF-RMT2 il o
RF- 3 RF-UMT RMT2 45 sas o oLt syl don ams oo olii RF b awglin o1, 25,5

3 pgd cialesT ools acgamre Gl slogs s 15 (6 5 Hlows s i b Ul UMT-RMT2
o i &y o ,0 57.38 Jlis! slls RF-UMT-RMT2 Jow ¢ e -5)ls RF L as i
2ol AUROC 0.6713 Ll clls g o3 cislo;l o0l acgaze bl slog s ;5 sl 3Kl
Sl slogy L .l Galisee glgil jo LBl 3 Kle s sl (Jod LB gouails ans o olis &S

2 e shilejl ool asgaze 3 1) 55 srioter oo Shos oliiing w7y 2 (S sladoe
Dias p 0 gl (ctalej] (slaosls acgame olusl 4 Lol waisS o a1,) RF L as lie

51 pleite jlans oo (ctalejl 00ls dcgama ;0 3990 (sladns ;S sla S5g aials a5 sl opl ogally Lo
13).@ 99y Ay ool b oS RF o, cpl 5l (0t donos jo |, OlS5) s oge] sladiges
@0 o i (6, ] ctwsg b anlllas (pl jo (solpiiun gl 4 Cas @l Cillas sols e

o0 (2l o3 LBl Glagy L (3590l slo aiged o Dbl Slagy sl b alin po 5 o5 15k
RE-UMT-RMT2 § RF-UMT RMT2 459 0l b 5,005 0455 90 (9051 00ls acgoame 4o g0k
Sl aS s co i pgo 03l 00ls degemme jo ORI H8, o s j0 (> BB Ll jeie

w0 e Gl Db 9 (ot 2UlE e o 1) (IS p (e (6 S el slaay Hlas pleo] i
Gazg b jaw 0 6 S peeal (§ilw o iy Leﬂ)’lt;w\ 03,5 wix |y Hladze soble 650k 219,

WJ ol b oS soliiwl s e @l g Ol i1 asle souzen Luly, 58,5, 0 0 Ll sblje

Caillae 00ld  ins B (Slogad & i 40 (6 a5 paoti b a5 iiile (5 ,u50l (ganaids slagi 65!



ot 4,08 ol Jow s 5,5 e 0ol |y ol 8les ool sl (6,L8 ) lapaslSe wijlo
Sl o (6525 el 3l Johe Slo ane 55 2b 5 2UlE (Jl cnl b i it 2L (g

slods s pleal by (6 S penal GilwJow slp 1) (2b Gap 2 siue 9,509, Ko b aalllas (ol jo
U ol e s e el a5 e )5 Slosieg ML ag 5 sl 55Ul jo (2ls (e (68 peensd

LSl Cnl ).o...u RPNV} Lg)'L.uJ».\.o 6‘)-.‘ cs‘:’9) R d.3|)|

b a8 5 oauzm Lulgy 4 B (6l S0 Sie asgazme ML slagi 51 5l soleriny 0 S0,

S o oolainl esei sl st o oduomy Ml yioren § o Loy (S i g Al e o

b aiS o pleal (g 8, pole 511, oniiaislis il e (6 paenctl (sl 55 0,533, il eslojad
A B Heb ]y Jaw b n @bl Gl sl o S eeal sluyn) )18 GlapasSe

>

S 30

asglae dlol b 505 18 puonal a5 0SS |y (6,L8 ) (slopanilSo Wilgh oo 0,504, () e 5 ol @
Ly 3 a4 55 (o3 Sl (g4 )l S50 (00l SO sla Sy des Gl 4 a5

SG Jolis alizen 00ls degoasmo dw G,k 5l 0920 g, b (golpiinn 5,0, 0ASS Som i los Sles
L o Joe osgel sl 0,90 00ls dcgoe gl oo dun e GJ;J”LA)'T 00> dcgamms 93 g 8,91 00ls Acgaze
49 o=l LSL“’B-.’.)L‘-“’ 59 6)*me (S 5O L:aJ,u. e Q)XLQ..C &Lnﬂ 3 JJLQ.A.A ‘S?L;.MJ)L.\..;.C‘

D o oolaw! G;';,)'yﬂ sladiges LSQ;L.M 03940
el el (S b bl slag b o b Jow o Gy U155 2 sl o 35505 Lo o] 51 yiagee
w0l b an 2UlF S o chieel sla diges edgaoms

092 Ls;u}: quLO)] Ls‘)" °)’5 A LS'W”L‘))T ool dcgoe 9O RHRW ) c\.}ag.:).o &_JL.JO‘ 59 &5"'7:"“’ EY LQ.,.)‘
9 on ooliial Galiien sl Jaa b



59 0 (RF s 0,57 m) Slasl j0 09290 (g, 5 ool Joo 39 0 45 w0 i b
Qi Bl s ls bgel (sladiges

acgozme 10 il (Bolas o i oA SGop a5 )b sl st oo, Slee RF (> ol L
Sladiges b duslio 10 o3game jl 7,5 sla g lls a5 Sl slags liw b Jgl cole;l slaosls
L (590

Gl o1y &0 5 S acgasme slapn oSl 5l puiiins oolatnl a8l olsg p oUly oy @bl
Lgl.coﬁ)l.;w 4 RF POV o).;)lf L awolis 4O LgoLg‘...‘...... 0,500, ‘J..Lo.a PRRREX ot QLM g™ LSJ“EW
sloo Sl 5698 s b 90 2lle S it 0ogae 3l ) o Sy slylo a5 Sl

.A;SGA 43|)| |) GQ’?‘J‘LQ °4~55~*-U-’

e jhitel Wl oo (RF-RMT2 ) Lo gleiinn 3,500, 2 e oo e sl sialojl ool acgame ;o
2 e Joe (6,50 ciulesl acgame ,o sl RF 51 28,5, 7274.93 oS ams 331 #.81.51 4 1,
3,5 b anslie ;0 2219 b1, cds Ll wlgs o (RF-UMT-RMT2 ) Lo soloiion 5,50,
el 53l Joo sl S (2l 2 S 51 ooleiiay 9,505, (65 bl i Sgre 5 RF it
DS o3l a6 5

i (6 5lwdity 5l Colox (gl i (6 S el (S5l ]oe slp ) Gouaz 0,505, pol> aalllas 4 S
3,90 ouis| sl xlgs‘, aS 5,0 044 ouis| sb,l5 g lecusgaom (B aiS oo olpriog Jaig Jo

2y I8 Az gl

S SaSS ol p yaw 6 S pweal 38 (3l Jode donpe Sl (os 9 (5,5 A g0 ya 0 B

o Gl & e sancaglyl @l Lolul aiile 5050l (slats, al 5L 3590 (reble (6 50k
Aloads b (6,L8,

aile oredlo 6550k slapia o8l gl 5l i 6518, slagiin glul ln (plagts, axwss (nlple
Cesd & RF (glo oo 5l (S egly po ool (65950 (o Sl gl Lol 5 coloyy a0 Lilos glaiss
o S g )] pol i o gl s e sla Cudguome S 4l 8 Sl (g Camal 535



ol ozl sleolainl (pl g ogdle sl LIl ol bl o (6,L8 ;) gl pas <8l )0 (>l b

plo g cuuie Gl ol e Clil aiile Koo slaaio) jo Ol JLs, oy (g3lwJoe sl
2 6olping 9,504, 0,8l e gy Sl A o glao bl 5l 518 6, S eal slacoadge

el (6978 5 FEPIe § B sbaosls acgerme ]

CRediT soisg o8 Liwe asly

g et~ R8s samy Jelo g 375 (olid g e ool (651 ez sl pseie KUN GaO
ol
Sl g owop g (emlid (g (3l porie 1 SSL S

Dlslgiing (yibg o as ass ik Aoyong Li

salB, pdlio adlel

oo b 4 a8 Wl (gl oad aslis casd Ly, b ool Jlo alie g 45 0iiS e oMol s

S NSy 5l Wlie ol 4o 0o yl5T L s oy

Dgd oo Jlo Cole> SMUITS Ly, ol JPI 059y dawgi 059, oy

0)9T).g o3l A€ gomo O (SP) ol ﬁ)'{f-‘ w9J5| 65.9)L.~u ‘5>‘).'a 6‘1.5 L@‘j C}.‘a.w 9 oolazw! S,y90 LSLQ k;)"9

ol 0ol G g3 AL oo o



a6 bl slgime >l [37] wi ooliul bags Jbw (5 Ll Slgizms adgs slp aal,l5 >lib 3g,
22,55, b aslaie ik asile (o5 slaghs, Gsb 51 SP (g5l o y0 (030l la S iy e
2l I aS e Joleie | calisee sla (55l slaylnl wel IS b g, [44] o s o lal wal s
[44] oS 6 sl ) Sen 5 5, @ glo )| slogs lw yo b aiy 35

Snbe 5l e Sl G le Shgas 0,8 Kl B o ST pl 5l bl g5l 5o (e lgie 4
g ol b Sy e OYoleo 0SS Wl sei 15 09 Lol Wl gl G jo e a5 5l

50 ool 8,90 SP (g95 )l G AL S ams 4511 8131 (6115 e 0955 3590 50 (godeds )| el

A2 o lid |y i s

Table A1
Features and levels used in SP scenario design of estimation dataset [37].
Transport mode Features Possible levels (values)
Mean travel time (15, 25, 35, 40} min
Car Travel time unreliability {4, 8, 12, 18} min
Cost (oil, parking fare, and tolls) {10, 25, 35, 45} CNY
Crowding inside car None
Mean travel time {30, 40, 50, 60} min
Métro Travel time unreliability {2, 4, 6, 8} min
Cost (ticket) (3, 4, 5} CNY
Crowding inside metro {Level 1, 2, 3}
Mean travel time {25, 35, 45, 55} min
' Travel time unreliability {2, 6, 8, 10} min
Parksitide Cost (oil, parking fare, and ticket) {12, 16, 18, 22} CNY
Crowding inside transit 3 (Level 1, 2, 3}
Mean travel time {30, 40, 50, 60} min
Biis Travel time unreliability {4, 8, 14, 20} min
Cost (ticket) {1, 2, 3} CNY
Crowding inside bus {Level 1, 2, 3}

Note: The travel time reliability is measured by the standard deviation of
travel time distribution. For the in-vehicle crowding, three levels reflecting
three typical situations during commuting in Shanghai were set in the survey.
Crowding Level 1, 2, 3 represent the standing passenger density is 0, 3 and 6
persons/m?, respectively.
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Table A.2
The features and levels used for SP scenarios in the second test dataset [38].

Transport modes

Features

Possible levels (values)

Short-time commuting

Travel time

{10, 20, 30} min

Car Cost (oil, parking fare, and tolls) {5, 15, 25} CNY
Crowding inside car None
Travel time {15, 25, 35} min

Metro Cost (ticket) {3, 4, 5} CNY
Crowding inside metro {Level 1, Level 2, Level 3}
Travel time (15, 25, 35} min

Bus Cost (ticket) 2 CNY
Crowding inside bus {Level 1, Level 2, Level 3}
Travel time {10, 20, 30} min

Taxi Cost (10, 20, 30) CNY
Crowding inside taxi None

Medium-time commuting
Travel time {20, 30, 40} min

Car Cost (oil, parking fare, and tolls) {10, 20, 30} CNY
Crowding inside car None
Travel time {25, 35, 45} min

Metro Cost (ticket) {3, 4, 5} CNY
Crowding inside metro {Level 1, Level 2, Level 3}
Travel time {25, 35, 45} min

Bus Cost (ticket) 2 CNY
Crowding inside bus {Level 1, Level 2, Level 3}
Travel time {20, 30, 40} min

Taxi Cost {15, 25, 35} CNY
Crowding inside taxi None

Long-time commuting
Travel time {30, 40, 50} min

Car Cost (oil, parking fare, and tolls) (15, 25, 35} CNY
Crowding inside car None
Travel time {35, 45, 55} min

Metro Cost (ticket) {4, 5, 6} CNY
Crowding inside metro {Level 1, Level 2, Level 3}
Travel time {40, 50, 60} min

Bus Cost (ticket) 2 CNY
Crowding inside bus {Level 1, Level 2, Level 3}
Travel time {30, 40, 50} min

Taxi Cost {25, 35, 45} CNY

Crowding inside taxi

None
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