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ABSTRACT

Mobility as a service (MaasS) is an emerging concept in recent years, and it has
been promoted in many cities around the world. Understanding users’ purchase
behavior of Maa$ packages will help the authorities and operators to promote Maas.
This study develops a package-purchasing prediction model using data mining
techniques. The prediction model is built and trained using the data of membership
registration, package-purchasing records and iPASS card transit-ridership records
of Maas users in Kaohsiung. Through preliminary data processing and analysis, it is
found that significant imbalance exists in MaasS users’ package-purchasing records
for the different plans, and the imbalance may affect the prediction results of the
model. To address this issue, the study proposes an oversampling method, namely
probability distribution-based over-sampling (PDB), to generate additional samples.
This method is first tested and compared with the SMOTE (synthetic minority
over-sampling technique) method commonly used in the literature by using datasets
published online, and it is found that the proposed method is significantly better than
the SMOTE method. Then the study uses the method to balance the MaaS users’
package-purchasing data, and constructs a decision tree model and a support vector
machine model for MaaS users’ package-purchasing prediction. Through
cross-validation test results, it is found that the models constructed by the
oversampling data using the simulation method has good prediction results which
shows that the prediction model has the ability to predict the users’ purchase
behavior. This study also discusses the branch variables in the decision tree model,
and found that the user's monthly spending on each public transportation mode will
affect the package-purchasing of MaaS users. Moreover, month is also an important
variable. The results can be used as a reference for MaaS operators to take
appropriate actions on marketing based on the vresults of the users’
package-purchasing prediction.

Key Words : Mobility as a service, Data mining, Decision tree, Support vector
machine, Imbalanced dataset
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T , - , .
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TP TN
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TP TN
)

TP+FP FN+TN

2. Precision (=

precision EFELEAT A AL ERHER 715088 positive class (B( negative class) FYEE}
Hh s BORHREN 75 BEIERERY BRI » B recall i [ SR 7 AL ERHERI J71A7E positive
class (5 negative class) Hfl 3 JEEERAVER 73 g I UE R SR A » NS ERGE R R

275 recall ©

(1+B?)*recall*precision

3. F-measure (=
( B?xrecall+precision

F-measure 128 f /2 1] LIETHR%ERY - B DA% recall Eil precision & [HRIREEE » it
SEETEDL N ety 110 LAY F-measure H5k 25 FLAY Fl-score [l & recall B precision
HR ARSI F-measure &R » #{ F-measure 12 W] DA E R i A BRI R /7%
1453 ERE T JHEAE -

3.4 Over-sampling 75 ;%A 5% B LR85

FyRELt#Z PDB Jz SMOTE J53fA over-sampling #5582 845 » AMF5EdLfi A 15 i UCI
MR R ABIRR SR R IR ZOR (UCL ™) - 7E4GE PDB /LI R SMOTE i
over-sampling 1% » 73 HIRHHEE RIS over-sampling $2. 2 HERAE A decision tree + kNN
Bl logistic regression 732 » Wi HARIR 3.3 BT KIS THFEARACES T LU - FE LSS
WZERTEHZ PDB Jji% » H over-sampling &4 A BL#E 255 H] i SMOTE JHELLEE - I
REE—D FE IR B BR A ST B B MaaS & BAZ 5y &k} -

25 TRt 15 EEeg A BHERHEELEREH PDB J53EL K SMOTE BT T 808
HY over-sampling % - 43 7/{# F Decision Tree ~ KNN ~ Logistic Regression =fH&EFEHER
1% LE# Recall ~ Precision ~ Fl-score I B R BkfET » FTLUE 6w 218 R 0 —ERHR )
TR BRI (total count) /& PDB JiiEHYBS AR B= s SMOTE -
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&5 PDB /G AH SMOTE BE AZBALL

Decision Tree kNN Logistic Regression Total Count
HH PDB | SMOTE | %5 | PDB | SMOTE | S%=F | PDB | SMOTE | %5 | PDB | SMOTE | 33
Recall 9 4 2 10 4 1 8 5 2 27 13 5
Precision | 8 5 2 11 2 2 9 5 1 28 12 5
Fl-score | 8 4 3 10 4 1 9 4 2 27 12 6

B - uct

1Ry T HAMERRAR 2 172 S e I REL DRI 5 - ARWISERR THERE R 4
HMEERS 5 EREBSORE 3 T i FR A R AR A7 B2 5443 7E (Wilcoxon signed rank  test)
ZFIt#g PDB B2 SMOTE <5t /71 « Bt » AW 5eatHig— % A &R EE{E PDB 7
158 SMOTE Z IR HEMERE 2252 » SRS (i=1,2,3,--,15 5 ZEELEMEEHE) - 35 /N
KEEFFRTE v W BRI HHE A4S T—Ev —EHE 2 80 sy Nvdd THER 8L 26
/NG THREAI B 2 0 DUEHRE 5 T A B v R SRR TE DR - AR v 1y
s BT - R R — v RIB RG22 S RN TR 2 B 743 B0 43 A -
IEAMENAST BART 2R B ENWASEHILL R 205 » RTAIR &2 iy IMERITRT DU
B p-value ; 7 [ » AREFEZ BEbe e an s ¢

H, : PDB Ji& N2 43 BR B AR SMOTE JE A T2 43 BT

H; : PDB Jii& N2 53 BER BRI SMOTE JHEE T T

7 6 Ryflif] PDB JjiALL R SMOTE JEEME TV EHER over-sampling #% + 73 5I7E
decision tree ~ kNN -~ logistic regression —FEERIFREIGET » BN EEEMEETEH
Recall ~ Precision ~ Fl-score Z p-value ; fHE2EEFK R ] DIZEIR - FTERY p-value BFHAREE 7K
#E o =0.1 P EBE AR - BOATEREEE fERGEE Hy » 19 H(E PDB J73E N 2 BERIEEEE R
SMOTE {#H&RE N2 ERBARI AT R R

I} 6 LEE PDB 75745 SMOTE BRIAZ BRI EE p-value BEER

p-value
H OH Count
Decision Tree kNN Logistic Regression
Recall 0.095 * 0.081* 0.095 * 3
Precision 0.095 * 0.046** 0.085 * 3
F1-score 0.094 * 0.085%* 0.093 * 3

1 #xkp<(.01, **p<0.05, *p<0.1
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MRIE LSl 3 R RHRE AR - Al AIEa i .2 PDB AR RESI RN
B H A AR SMOTE - PDB J5 ik A IR D Bk AN BRI RES B BT IR ACE
MBI - EARITFERREL SMOTE J53A9h » IRif$ 25 25/ PDB 5152 MaaS #1553
BRI BRI - 238 A R T L TR AL B S3AT MaaS & 51
T EITRy

M~ ERIEREFEERIE
4.1 HEEFEREA

otV R MaaS S2ifid B T ETHIBAL - AWSTRA CERES - RS
SEEMER - AR EACRE - B SR ERICRE = H » S HE RS T MaaS 55
LT A BRI LM ER R B M P A E T AT B A s RS A g E (A
NAEE - HERIA
L & BatER

AWFFEE i R Ryl MaaS SRIIERVEERHAAEEE 2019 £ 5 H (B& 5 H) ZFr
HE BRENHHRERL - B2 B RS« R0aIRS ~ M & B A FI - B ~ 408
RFEER ~ Pl - HET 7 AR - REE R, 17,789 % -
2. i ERCER

AWEFEREFH B FormlfE MaaS SRAfels 2018 45 11 H 2 2019 4 5 HHET 7 @ H 13 it
AR RS & BT E R - 05 - B ~ R - Frfios  TEER - T
ZARUFEERE ] ~ BRGS0 H S - G 6 EMRAIER - IR R, 742,568 5 -
3. TRk

Eﬁilﬁﬁ 2 - ARWFFEEERBE A 2018 45 11 HE 2019 £ 5 H - #EH 7 HIrZ g A
ERAR GRCERER @S‘E AR ~ LR ~ SEER  RRERER R L EREEHS
NEREHS ~ EEERTE - AT 8 (EMIGIER - B SRR 1,048,576 5

42 BREIE

BHE 4.1 {iFHhZ o ATER - AW RESINEA S TR TR A B S T 5
B FEHRAUAENT - JREFIF python A2 3GE S #H ¥ FUAnE RHEI TIZ B - HRL EIANE 6 Frx -

I«i\a 4 ,' "“ 2z N '.s

6 BFRAREE
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1. HfzpzEe

AWTFEE Sest B SR IHFUEER MR ET TRRE AR - DRI T 5 Hor > &
It MaaS 2ffedr SELM RV A HITRHA S SR EG 5 =il MaaS il BT H
RO SR BRI = BT RE T R Sk i — 2 & B AE R SE RF PRI BG Y 7 SR Bl o DUR 9 a5
Z - HORWIE R R MaaS Seffedy BREMER g TR 2 EEMIAL > DU R MaaS
FRitfie BT EACRER L RO RE PR R e TOTEE - TR TR MEH
U1 ) WRRER R 5 il MaaS Rifiey B TR BA A T EEE S, B TR E
UHAHS ) BRZATBIERY APTZ0RL - H T N ERFH]  —fRIORCER A AEMZEER - #5IRR E
e = (AL -

2. RS

FHA R e MaaS SR & B 72 Hicika bt MRS - A& B EE I
GELEZEER > MHTAES " TEANEER ) — W) - SRR
BUTH b R BRI TEOR R Tk o A BN G S TR - RR A TR AR
RIS MaaS SRS BN EACER 5 R8T E - AWFEE JCLIRE MaaS R E
BEEME R IR IS AL E Ry EORH AL R LR - FELLIG I MaaS Rt e 87 W ERC
PRV RIAE EART & BRI H Y - WOACERE NRRFR RV SSIREE - SR T
EFE TR TS R EE AR 7 BRI ARSRA T E R R BIRIANE 7 - 248 AT
ot < BRI SEREL 16,003 5 -

PR - i MaaS SRS 5 T SRS RICER AR G AR R A B Y R -
HEFEEOR ] USSR 21— A — SR Sicek - AlRA EUIRERSAIE— R ZAFE
—Ni e BN FERER FRTE CE  REEE - MR 275 5 i Hifc ok« fiiig
2 [FIBBE A MaaS SRty SEE MRS LR IR - REt R & |
ARE—H BT SRS RS RACER 5 505 BN A B RS LAIRRGIE 25 - dd o #f
PEE ~ TEAH ~ QEEEGES BN ER R -

K7 EEETRBILBERRRA

ESEEWIE S £
0 EN A= IES
INEEMEIE T3 (— )
INEEA I TR (— i)
RS T 5 (— i)
Ny E A 20
INEEA BT TR ()

TR 5 (BB )
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7T AEBBEILBREHNDETEE

[EH]

3. MR AL B A B

TEFHE R ARG RN H —E52 g B SIS EACSRE R - DU ASER Y H iy
LB HHEORNE - AWPTEE— @ ma t R Ll e R Rk e i — & e A R
FER N E AR e &8 s A EEI A et 2@ BF B SHE T RWNRL—
WOW I — MR RECSR I T 58 HZBaH Hor - kR TRTERALN - ARTretisd SEEm
ZOR A ASEORHB RLEF TR - R AANR 8 EI5k 10 FoR  Hrr - fE i R RS

R —RMFEEH(IESHRREA

R &
1 BRI < 18 CRIKAE)
2 BRI = 18 (HIAE)
3 19 = Bl = 22 (KB4
4 23 = B = 45 (HiLAF)
5 46 = FE = 65(HHF)
6 65 < BRI (EF)
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% BT H IR A X B Z IR B AT A0 AT — A AT MaaS A& 8 &

RZFEMAGL L - ARTIERE 18 BRE R - FRFE R 18 SRl I E H (R A S E i
Rl ARG B BB - S IS E T T Ry RE B H M e B R AN - A 2 R
TEE T RLBIEBR - A2 RURME (18 BR) TR TR Ry — 0 S RfT: » (EARERATSERE
HE— DR I F A ARG R AGEE RS By TR R T R, o FELLHE R 2R
DUHERF HARAER 0 A A GER - BPHORACHES) MaaS JRGEFATBIE - MifE/E AL - T
RERL BRI BOE - HORHTZORRT ~ SRS BRI R SR T EfEs ) —HfL -

RO BEFFEHRBOIEMRRRA

D R
1 B = 15 (®Tv))
2 16 = gE# = 17 (&)
3 B = 18 ()
4 19 = ¥ = 22 (KB4
5 23 = BREC (HAth)
xR 10 FEEMECERERA
JEEHE R E &
1 R E A RE T
2 e RS E ARG T
3 2Rt
4 F AR
5 HAth R

4. ERERERHRAE 2

REHI S BRRR B % L BORL - S THERHIAL BB R BUE 24055 11 FoR -
5. BRITRE

A MaaS & SERHEA i REESA RS tRI2ER - KTt 5 5EE
BRI - B 1 REG B YL TR e DR GBI MR - RIS IR B
LERKIRE B S UGB E D Ry — i RER DU B R S i - AT —22
THIREAY » DUEZRE S -« YEREZ THIIRCR -
6. SRS

A ZE R ML R AR AR E MEDUSGHE R R A58 e S iR - [RIEEER AT S #7708
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3E W EEEE (stratified 5-fold cross validation) DIFEEIERIHEIRE » HOREEWIE 8 AR - 28X
BaigniE — PR Ry KB R RARBENS 43 1 5 BB RLHER - 28 P RREIRPE 5 (A& kR E Y
4 HEREEE IR E R - HEE AR IRy 1 &R R E R R - S =P BRI
AR AR EIRSER 3 AE AR HEE RHERAHEAE RHE 5 RV X sasats b Har s
BW—RHEAE R - AT EREEAER - HEFrE BRI G E M F R &R R
Folb o TIAHZERE F 7 g 22 X mie 2 B AE R A A SRS - HDRARTT
FREEIRIUBE B - 183% 12 m] DABHERTE A SRR 305 5 < Bl oAt 3 R IR B
i » 43I A XEEEE R H AR A — ROV E R &4 HR AR RE IR I 38 I AR B R 3 I B
BIRALR -

x® 11 EERERRMEERB

L ey - el =
Age Bl FEFHR
Live gy @it g B E i
Gender A g~ el
BusMonAvg EfEA GENHHAEE
IntMonAvg TEAEA EFEHILE
MRTMonAvg SHIE R gEEHIEE
NextMonth Ao TMEAZHG
NRATRE % iyt MEH P E 2 7% (B
Foldl [ | B | | | O Trainioe data
Fod2 [ N7 (W7 C /7 C e
Fold3 | || | | [ | | | || | | [ ] I
NE I N N N .
Fold5 | | | | N
| Class 0 | Class 4 | | Class 5 || Class 6 |

B8 5 I EAEXEESS (Stratified 5-fold cross validation)7R 2 &
7. FIFRERHIEAE R AR

FEB RS — i RELSA ROV 008 - HARES 5 150 e 50 a3 AR R
BLHEAERHERR - Ty 1 rT DA R BREE5E — Hi0AT RG R 8k 2 PDB J5k I &Y SMOTE
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% ARBATHRBAL A HZ B ZH BT L5 M — A5 4T MaaS % 4 & 1)

BB FFAAE R - R & T BRI B ] PDB 5% ~ SMOTE BdJfU4GEH, -
3 3 FERIREREORET TEEHE - DUERAE R Fold 1 Ryl AR AR BEANER 13 Fom © 1 Rl Of
ANFFERIBAT L VPR DU E R E BT - ARFSER B 3 B R BB AR
BORHE T PR AR B SR e b - G DURHRI I RS » LU SRR A < TR -

K12 BEFEAEBEIRIBE

E BN W
AHEE (0) 2430
INEGIETTE (4) 1300
NHENGEE TS () 425
R EE 55 (6) 10470

& 13 BAEF Fold | FIREH S A EBER B ABESEN

. AR E
EE E
JFEE R SMOTE PDB
RiEE (0) 1942 8324 8324
INERIESEE /T (4) 1050 8324 8324
NG ZE (5) 339 8324 8324
ERRIESEE 2 (6) 8324 8324 8324

5~ BESH

51 ERRIERIEASHRTE

RTIFARFIFHE BB Scikit-learn SEFFUSEHEIVESH + AR Python 2503
SHRFIRLAMS - R Intel Core 15-8265U CPU » 8GB RAM 2 BSESE FHEAT 514 - 234
WIS FH o DR SRS B S [ S AR R LA S AR 2 B |+ DRSS AUER max_depth
UG » Ecfti R Scikit-learn 2 YA FRY S I F Ry BREL EHLRE (Pedregosa e al. ™) »
R B ITRSHEEAER 14 o AR Z SRR E A - QEA]A Scikit-learn
Z SVM %% SVC (C-Support Vector Classification) » 345 1) Pedregosa er al. ! s>
THA SRR G R
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® 14 RREMBREIZEERTE

z2 ¥ CL
A gini 5 entropy Wi%H » entropy (KR H B EGHE AT DHERSCRIIK - —

criterion fise i = Al o A gini FREGEIHAT -
splitter A best 5L random Wi%H - B EFERHETH S0 Birh T R S B -
B S FEREAE AT > B0 B rh =l i R B 70 - FHE L, best
o donth PRERRIN e KRR > THERME B None » BIPR SRS (E IR R Er IR AR A0

J& o AW LIEER R - FHBEEGER 6 -

EI R R R AR R - A log2 B sqrt {IH - FHE{E Ry None » 5l
BRARFEECEE NS AVINR 50) - SEEREEEE HIFHRE None -

B RGP B o B P A /DN BR R B o A0 SRR B R Y B R B R
min_samples_split (VESENE - AsEA S il - e 2 -
T — B RGAY f/ IVER AT 01 SR S 1 R A T 2 1 S B RE B AN B N
min_samples_leaf - AIBLHTATEGRE AN & HE - THE(ER 2 -

LRISE © Pedregosa et al. P ; AT gessm o
5.2 EXWIEIEERAH

B TG T = HETT MaaS By SEAEC AW T & B A EE AR WP A
R BEALEIT AT » BHSERESHERETHI I S ME T MaaS G RIREREFRARIE & » 15 LIM EAE
& EREER I B AT

9 B ANBHSELL—% K Fold 2 Pt a7 PRI AL 2 #f1 - Ha oA ds SR n] DA AR
0 119 recall Fy 0.77 » AARFAHERIER MEH A GEETENIFE 410 AR HE
1y 314 A - RIERAY 96 AR A R &S ST E - BGS HETT MaaS Braii kg
96 A 5 55— J7TH%RT 0 #Y precision Fy 0.79 » g 400 A 2 # I AU FERAT T H A~
HEGTFENEE » & 400 AHEIE MEHAGEETENgESR 314 A - #FERr 86 A
A2 #ER A A e E T RE - AfiE 86 AHE MiIHERSEEE » sl
MaaS € [K] F3E 8l TEHIS SR 5 26 S BRI MR 8 ~ PR TiE S & s /755 86 A
5 | o FrDURIERFFCEL S E EH B - %551 0 1Y Recall ~ Precision ] LIFRy{E MaaS & B /7%
B TEIM - AYRSGER - 2501 0 7Y Recall F1 Precision {E AES#% = 84T » 1 F1-score j2& Recall
1 Precision HYFHFIN-EZ4 » 5@ K Fl-score HI{E= L Recall ~ Precision F{EBLE @ #
IR B A (i FAE classification report _|%E%1 0 (14 Recall ~ Precision [k F1-score Ji%
Rt MaaS & B 7 208 E 7 LAY FLifa s Bis: -

5.3 —ixFoh
& 15 Ty R 3 FRIBA ZAIFRERAIHEAE RHEE D AGTEE - & 16 K3k 17 A%

max_features

min_samples_split

min_samples_leaf
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% LA ABAT B IRAS AL A & B R 0E B AT B2 — A ZH AT MaaS 2 4 4 17

— it R e BB SCRF A S B PR SR T ARG S $7 70 A BB A PR PRI SR A

A -

AHAFE (0O[[ 312 [6__a__sel
guarewaye (D [| 9l 177 1 2]
HRSpFEWRFTE (2) [| 2 1 121 ¢ 1|
sxemmuye (3) [LZ8] o 1 2398]]

precision recall fil-score  support

AHEAFTRO |e.79 0.77 0.78] 410

KR oRWEFEL 0.96 0.94 0.95 189

SR NRLEEWH R 2 0.95 0.97 9.96 125
HEEmWHTE3 0.96 0.97 0.97 2474

9 —f%F Fold 2 JRRETRABR

RIS —MFERARNEBBZEHNBESH

- Bt —
R HEAE R
JFAEE R SMOTE PDB
THEE (0) 1633 9889 9889 409
—fgk /AT Z (1) 760 9889 9889 191
—ffk | ATEBSEE (2) 506 9889 9889 118
—ffe e/ MR ZE (3) 9889 9889 9889 2496

w16 —MRFN SVM XX EEFE 2 A ERRIEIFZFHER

gy Ei= i .
Precision Recall Fl-score
AR & IR
yiEy=y s 0.832 0.676 0.744
SMOTE 0.680 0.852 0.754
PDB 0.812 0.824 0.820

IRIEER 16 o HTHER » 4E 5 K SVM 2 BRI RS 2K - PDB J53AH) Fl-score
FaREAS - 1M Precision F1 Recall BY&RIR5IR FAAE#HEL SMOTE e ft: - (2 HHE PDB
THEREEHE AT 3% - HIFIGE IR ERHERESTEETT Precision HYYERESR -
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SMOTE HYRIIFREFIREFIEE T Recall FYHERESR  HAA] L FEH I AIAYE T Recall AT Precision
AR - RPEEOE IR - BESE R R BN DA DB S A EE SRR H | - thigig st
AMERITERIZREL LR A6 E kB SMOTE 1 Fl-score [ RIA PDB iz A 6%«

® 17 —RFRRREYRZ X EEE ZAABERHEVIEIRFI9ER

TR FEAE o
— Precision Recall F1-score
7 r%:\\': :l:du.E\
JFIEER 0.796 0.778 0.788
SMOTE 0.660 0.852 0.740
PDB 0.842 0.844 0.844

R 17 SR - 18 5 RITREIAR EEEERIAS 9% - PDB J7iEHY
Precision Ei Fl-score f5 54T » 1 Recall FyZR¥E SMOTE ix{E - {Hi2HE PDB JiikH
SMOTE FHZEANE] 1% » iIfi H SMOTE RYFNIFREFHEREFIFE T Recall HYMERESRTHMI 2 Bl
e er & - (R E A T Precision FYZRER » BB e i@ E e B R H)
R B » Bl S B TR B A A D AN DAEERY S AR IS 2E3R A | 72 SMOTE 1 Precision
AMERYTHIIZREL F3E I Fl-score By 3 THAVRERYFNIBRER! N i IR -

e 2 X EmaE I TGS SR T DU HY - PDB JiERTFIRRERHE SVM B R SRts T gt
RIS SR AT DU R B R T R R R o ARWFSEtE— LIRS 7 U e i MaaS —fig |
BRI 20 SRS IHIANER 18 AR o HHse# s Ml SR ] DI B - SR —f R
HEESE A ARE KR 280.177 JURREr 3 AR EE A+ JIG0E /558 (B2 KT/ & i
+EEE T e B FEFGEHEE S AR 1440.341 Tt - 1fiE thEd ERE S i MaaS
TR B R A+ 50 /7 ZERS R - AEE AR EE A+l /75 E S AL
1Tl BEE AN T e BEBTT R EFHEN AR » B a4 8B A+ RBGE 50
G EFEREHIEE S AN 1440341 - {H2 HE S BRYESEH BB AR 280.177 i
PRTHHIAE S A+l 72BN » ThE e St Re A E H a7 % F3s s E] -

=T MaaS — iR & BUUSRBIER T _Laliny E 232 DI - W IETEB AR 53 5
feef » HASIRANER 19 FiR o ARIERI W] DI BIAEARRIRIIEERTEE T W MEH R 12
HGEAEETTEE » A H 0 & TR 8 S R 7% - S MBS E R FiE
g SAE 12 H 1 HIEETEDE 12 H 1 A iy - iR HE 1 H -2 H
% MATEARAE | HREE R &R 2 A aEnEod . 800 & 1| A EE %
BHAEAE 2 HSZ A5 5EN bR 7 S mEREEFERaT6E - hiEa HEr 228 8k - &
BE 2 Hipey LEEHEIAZ - #8E TR B R AR RS A RE - A E

==

il 2
Fp

_k\
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% BT H IR A X B Z IR B AT A0 AT — A AT MaaS A& 8 &

IRIE—i R & B RRB ATRGR rT LR e BT R i L LR BNy R
st HAeE - 8 B ELE e G s i T2 B EI - IHE A aRiE
MEERTGE  BrERTRISTENERAEER RS B TEMETR -
MaaS 58 S B BT B Ry T+ AR Bl PR RS L A - IR mT 2255 AT SRA'E R i
HEEEZBHEGE - B AR R BAERRGEER 62 DIONZ or SRt > T2
WRAEE T2 A 2 BEFTERAR - 1 MaaS 238 F B n] DUERHTE e A
EREERITIA D - EE RS SEE DGR E TR L BIPRL - IIsnl SRR T
BIER VISR « BRI ZETINE - 38 12 AAfHRRERK
BAKNG BEREHEGNETE TR LER - A GRILBEEEE % -

* 18 Sl MaaS —fi K& B8R RBEE D &M
FEEHI 53 AR (B ¢ JT)
ZEHAEE = 280.177
THE (0) HEEH TS < 947.928
NEHATEE = 138483
ZEHAA{EE = 280.177
HEEATEE = 947.928

—fR / AHEEE (1) ANE AR > 138.483

(AEHAEEEE >329.406)
FEHEE > 280.177
(FHEHIEEEEE > 1440.341)
FEHEE = 280.177

—R /IR T () HEE 162 > 947.928
(HEEHTEEFZE > 1230.231)

iR/ DTEGEE G (2)

& 19 Sifh MaaS —figx & B RREMFFR D 2 1RG4

TEERGER 53 S fee
FHEHEE = 0.006
947.928 < FEHEHtE = 1230.231
NextMonth < 25 (MAHES R 12 H)

PEETTZ (0)
B RAERRIEE 2 (3)

54 BERSH

720 RBEAER 3 HRHIRA ZAIRE FHAIHEA B BHEE AR TETE - 2% 21 K3k 22 Q%
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TSCHAEELER A L - g e NMEMTRHIZE LSRR iaE R SMOTE {£ Fl-score

Eil F1-score #5547 » 1T Recall BYZRIFAIE SMOTE fxfE » PDB J53:E1 SMOTE #H7 4% »

—184—




% BT H IR A X B Z IR B AT A0 AT — A AT MaaS A& 8 &

EESR SMOTE HYBNIBRE I RESTHE T Recall RYMERERFEIIH R 2 BRI AR S & » (HA
EHARYE T Precision BYRIL - KEEEGET 2 (& il H AV e SHGRF R BIRTRA  thg SMOTE
AE Precision NMERTHHIZR FIGREH: Fl-score Fy 3 TAUREAVFIBRE R N EEAVRER

eSS SR A FIIAS R L] DUE H - PDB J5iARTRIBRERHE SVM BLIRTRH At
NAUTHRRSR I DURE R th PR A i - ABSERIBER T MaaS B8Ry SRR
FEGSRAFIHANGR 23 R > BRI SBRM rT DI - sS4 iy B R
FEBLAIR 656 TURL T & SR AEAE N+ IG0E 15 » (BRI G E A+ &G T 50
o B EEGH A BB E AR 1141.108 JC - g thE SRk MaaS RARFTIR R A+
Wil i MRS 6T - AE th ARG E Q&G TG B HAeE T B E H AT
EHE BLBEIT R AEVIE AR - W B A ME A FEE =g B L EESEHTE
TR 1141.108 JT - {HZ R EEE BRVEE HAEEARR 1141.108 JURt e Pl
DA FEAIED - S R R REAE AR Ea 5 5 3k -

® 23 Siffth MaaS B4 K& B RRBERD 2R

EE 53 AR (BRAL ¢ JT)
FEHEE = 656
THEHE (0) HEEHTEE = 761.611
NEHEE = 197.099

FHEHIEE = 656
fEEHEE = 761.611
NEHTEE >197.099

(ANHEH{EEKZ > 460.008)
KEHEE > 656
(FHEHIEETE > 1141.108)
FHEHEE = 656

BAR /ARG5S (6) fEEHEE > 761.611
FEEATEEEE > 1235.442)

fE T MaaS E2/E K& B RIIER 1 bl 20 324 - AR EEAHBR . 50
SR > HAGRANT 24 FioR o B o 2% 24 B3R AR DL RAEARRIE 2L RiEE | -
B ME A IEIE 1 AR (NextMonth>1.5) » A58 o FHI R i B PRG035 - 1158 IRpIATAE
For BHHEH e AZER 761.611 JTRIA] > A1 E ME H 05 1 K (NextMonth=1.5) »
IEERF Ay B R B H B TR A 1590.093 JTREHY A @ a8 e B fepR s % 5
0 FERLHERIATR 2019 47 1 H 2 B2 L BRIG IR IRAVIR ] - HUE 12 H R THHIB R o
fEm 0 12 HRFEHEIEE A EMRETRRNE 5 - 1| AR AR IRRTE e

—185—



EatEEF FR % =8 RE—— %A

NEER NIRRT - REZEEGAEAR T LEEBLINIRERT RBIANEME) -
WAL R B E L5 8 B e G A B ENE B 7FRRAE

FRI - PR AR A ] DABSRAEMHRIRUAE B RITE | - AR IR 18 B (Age=
25) Mg & MEAPREEELAREEGE > REE B aEETE - RitELL
HICE SRR AT E R A T ZNEE - SEHE — R BN R e =
ALUNHERAER S - AR PRIt S - I EACRHRSF H A G R B ML BT
2 PR e E TR T BTl E) - ANEE HEE A R S ERR R R E T
LR BB TR - DI R DURHEF AR 18 BRIV SRR FTRAYBaS nIRET
RHOCEERERAT AR @ G ERERIE SN SRS LB THIR - Kb
HACEA R ST B R B E AR G 5 O A - A g AR E T & R Al
RIS BT -

SHEERAE Rl BB T RER L - BRI NEE T E L LB SR R R R RRGE
i HAEE: - MRS PR GEE H e SRR — i R & B4 &l - REHTEE 203
RIS ER R ke 5 - BURBA R BEINEE - AHZFRKER - RIS RS
AR I R L B NI T R DR I B - AEA S H A E& DN oy
SR EZERZ > RlR A Boa/ IR 18 %k - Ao RIS ~ BEEBER -
HCEAR T I FIHE ST 2 ~ R T2 E R A T8RN 5 SO A/ N 18 Rl
TRSZMRAE L o RS ARTR Y SRR M AT REBL A TR BRI R SRR BB H B B iEER - 1 18
BRSCRE I E R B R ~ RERZ 735Ul - HORAIR A B AR SR A < SRR IHEH AN ]
LEHETTE AN KRBT BATIE A A TSRS - SO R R I (B RS B
R R R T AN DR H i SR - o v rp AR KB AL G B2 58I - YR
St < T oREGR - BMDE E RN 2 Ry R A ERREY - s rh A BURS 5 S AR o )
MR AR T PE i - FEL TS R e — S Elor -

} 24 JifETh MaaS BEFE B RRENFHR D R4

ARG I3 AR
FHHAEE = 656

NEETTZ (0) HEEHIEE >761.611
BRER A R AR 0E /7 5 (6) NextMonth = L5(FEAES R 1 H)
FBEAEE = 1590.093
ZHHILE = 656
NEETIZE (0) HSEHTEE < 761.611
HEE R AT (6) 133.623 = AHHATE < 197.099

Age = 25(FFEGE A/ 18 5X)

—186—



% BT H IR A X B Z IR B AT A0 AT — A AT MaaS A& 8 &

AR —Eo L

AW FE 1 B LU AR D < PR T iR — =R T MaaS SR ZE 8 E FHEIEOR -
LI MaaS Rifitefit o & SREMEr: - 5 ErciR DU R T 258 fEsRic st TR e B -
AR ERHEE ] PDB 53k « SMOTE B[ Anafi Ak A — Al < BRI E i AR} - T
DRI ST Z IR e R 2 MR R, I AT NL IR AR I RIS R, iR 5 9o
J& 3 X R # 1 PDB JivArE R BRI L DR ORI TR AR AE — M- Rp B B2 R 1)
EAA SRR TERRIECR - DU SRS R 2RI H AR S L 2R -

6.1 iR

L. AR ARSE T MaaS SAEFTIES . & EEEM 0 A S R A 7358
HSTRAER » TIPS 53T ST B B 2R T H T 6 AR ELAE LR
FATE Maa$ & B2 FAMETE -

2. FAHEUGE SMOTE 775k i ASEEAZ R AURETC » LR IITSIZERH B S5 B 2 Bt » KT
FELIZORZ A MITIURE R )N B S LB SN R BT AT 7 Ak 1
SRR - VEMLIMARS A BB S T RIS B + R BB AR Z over-sampling
BN SMOTE J73% + iR PDB J7 kbR B SMITH L ERM} - IREVE RS LR
FAZ AT 74 -

3. AHWZEAE PDB - SMOTE %Hi# over-sampling J5ikZEA SMTEEIE + WA MaaS
FFSET Ry TR + AR08 5 74085 LB AR » LU PDB ik Ak
R T YRR BT R F BASTE) - ST~ Sk e IR R TR SR - 75
— i BT R TR T - PDB 7 ST MGE 81295 84.4% » BHEf
7 B S TR SRS BB 77205 83.8% -

4. TSR SR TR T R R TR L LB B R A R H
1622 » e MaaS BHEEH BB AR ATRRBGRR » DISHISE (75 AT A
SR A -

5. BRATUEE A TELZ 5 ST + —Ie-RELERA: RS IR R 5y SRR 2 T » B
of Y DISE(E BB 2 A BRI 7502 1T R fAE - W MaaS BHEREH
A R AT AT e TR T T - SRR BT RS B
7 ST A TR P

6. MEDSEB TSRS  AFFIE/RRIRE A e BT 18 BB 18 BRLL T2 AT
BRI » SrRCL 18 BRI B A P R TS+ HORRFSRR e
L BB A AR E A - FTREE T S e T TR S AR BIR  Y + Win
MaaS B4 R AT — S e p L T BB A 7 TR A TIESY - BIL S
A T £ R SR R B AR -

—187—



EastEEF FEF-F F=EH RE——=FAA

6.2 &

1.

AWFFERTRE < & SR EDR » T2 B RO DU R T SRR FESRAC SR (£ ] 2018 4F 11
HZE 2019 % 5 A3t 7 HAVERER - SAREEEEAIUS E SRS R - JEE
EAT BRI L ST E TR A -

- ARWFFEFTE Y EORHA R B8 7 SRR RS SRAC SR L B BORHRR R » 4+ N ERIRFR] ~ B R EG

# 0 MEERSE R AL AR AR - FHE A E e RIERL - IR nT DU BIAS BE 2R A i
MaaS Zfff HEMEEHEIT T -

AW FERTE < S8 DGE BACE R MEPRE AT A S 8 - {H R e i R - 22
3B LGE AL Ty Ko I REAE A 2 IR B LB B e vl LU
LRI SRR - SEREDE H B S LA TS RS AR AR B 25 -

fRETT MaaS SR 2020 45 ~ 2021 FRIFTHEHEFZ H FEEEBE 5 - AWIFeiRE
—i R RS R AP £ B SRR th L SCE R JRREEL Bt ATIR RN
DT AN ST e v — S H BT R R S RN e &
R S8 E B thRERE LUBERE AT T2 AT .2 5 S B THHS R E B G S B Ty
R o

AWFFERIAEE T2 £ 2 Bk SRR IS T 2ST%E ~ s - MERTseis
R IR PREEEN e BB A GRS - MR A B — B B =S MR S B - M
®riAREE R ST R HE NEE B INFR - RIS AT ST s R B
8 i DRI - WA ERERE SR AR TEMEIT R B -

ZENRK

BESRE - EEIT - E6E) - BER - TR MFE - R B - T RETE)
ks & B SLEE R R -LUS HETT MeN Go SRkl L - EmatBIZ=T - 28
51 S5 30 - R 111 4 » H 195-230

BHRT - T EFERHRE R A B SRR IS 2 WS ) RTTOR R B R R
TR AR L K] 104 4 -

PR~ ZEP0E - T DUSHE-RARBIBVIER YouBike FHE SESRFEEI Ty 4 - #BTHERE
F33EEI1H - EFE 107 4F - H 16-36

ZIIEHE - "MATLAB JEHR A HIEHERSNT-LLEHTH 35 BAHERE, - EFAE
SRR TR R IE A S RE 105 4 -

PREERRE ~ 5RER - BRIAEY ~ TRWIRE ~ YU3EEE ~ 2258KIA] - TIEME T EEE R AR
SRR AR A A BB ) - EEETEIZET - 2B 47 % 5B 1 B R 107 4 -
H 128 -

Long, Y. and Thill, J. C., “Combining Smart Card Data and Household Travel Survey to

—188—



% A BATH IR H 2 B 2R AT AW — A S KT MaaS £ 4.4 %)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Analyze Jobs—Housing Relationships in Beijing” , Computers, Environment and Urban
Systems, Vol. 53, 2015, pp. 19-35.

Morency, C., Trepanier, M., and Agard, B., “Analysing the Variability of Transit Users
Behaviour with Smart Card Data”, 2006 IEEE Intelligent Transportation Systems
Conference, 2006, pp. 44-49.

PRiGEE - T IEE R R ER IE R K SOE SRS fOEIRE 2 IH9E )+ RV E s
BRI ER IR LaR s IR 105 4 -

Rodriguez, J., Semanjski, I., Gautama, S., and van de Weghe, N., “Unsupervised
Hierarchical Clustering Approach for Tourism Market Segmentation Based on
Crowdsourced Mobile Phone Data” , Sensors, Vol. 18, No. 9:2972, 2018.

Meng, C., Cui, Y., He, Q., Su, L., and Gao, J., “Travel Purpose Inference with GPS
Trajectories, Pois, and Geo-Tagged Social Media Data,” 2017 IEEE International
Conference on Big Data, 2017, pp. 1319-1324.

BIL > B~ FAREE - BRHEE ~ DR BROPEE - T TRME SRR
JEIRE AN HEERRES LW — DHEERR B TR B ) EEMETBIFET 2R 48 %
52 HY - BB 108 4F - H 105-131 -

FEESR ~ Bh#RES » TETENE BRI R FIETEG o T - 5 33 %
5 3H . BB 110 4 - H 285-309

Ramboll, Whimpact, Insights from the World’s First Mobility-as-a-service (MaaS) System,
MaaS Global, Denmark, 2019.

Wong, Y. Z., Hensher, D. A., and Mulley, C., “Emerging Transport Technologies and the
Modal Efficiency Framework: A Case for Mobility as a Service” , 15th International
Conference Series on Competition and Ownership in Land Passenger Transport, 2018,
Collected Papers.

Barua, S., Islam, M. M., Yao, X., and Murase, K., “MWMOTE--Majority Weighted
Minority Oversampling Technique for Imbalanced Data Set Learning” , IEEE Transactions
on Knowledge and Data Engineering, Vol. 26, No. 2, 2012, pp. 405-425.

Chawla, N. V., Bowyer, K. W., Hall, L. O., and Kegelmeyer, W. P., “SMOTE: Synthetic
Minority Over-Sampling Technique” , Journal of Artificial Intelligence Research, Vol. 16,
2002, pp. 2825-2830.

BRIAE ~ BRACHE T HEFANAE DI Er TR B BRI 7 v R £
FIBRARAEREE |+ SCBABLERER Y B L3S » R 106 4 -

E§ 0 T PDEBERERA AR AT ISR R B - 3SR - 4 16 30
1) » R 105 4 » B 39-54 -

Chen, M. C., Chen, L. S., Hsu, C. C, and Zeng, W. R., “An Information Granulation based
Data Mining Approach for Classifying Imbalanced Data” , Information Sciences, Vol. 178,
Vol.16, 2008, pp. 3214-3227.

BRI - T AR EREE SR DB R By —Ee R 5k R EE
A LB FTRE LGRS R 106 4 -

Malerba, D., UCI Machine Learning Repository - Page Blocks Classification Data Set,

—189—



EatEEF FR % =8 RE—— %A

website:  https://archive.ics.uci.edu/ml/datasets/Page+Blocks+Classification,  Retrieved
January 27, 2020.

22. UCI, UCI Machine Learning Repository, , website: http://archive.ics.uci.edu/ml, Retrieved
January 27, 2020.

23. Pedregosa, F., Varoquaux, G., Gramfort, A., Michel, V., Thirion, B., Grisel, O., Blondel, M.,
Prettenhofer, P., Weiss, R., Dubourg, V., Vanderplas, J., Passos, A., Cournapeau, D.,
Brucher, M., Perrot, M., and Duchesnay, E., “Scikit-learn: Machine Learning in Python” ,
Journal of Machine Learning Research, Vol. 12,2011, pp. 2825-2830.

—190—



