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Modeling and evaluating taxi ride-sharing for event trips

MAIKO SHIGENO!

Abstract: While ride-sharing systems have been raised great interest and widely spread in recent years,
taxi ride-sharing expects high effective. This research investigates the possibility of taxi ride-sharing for
passengers having a common purpose like as an event trip, which takes charge of passengers having the
same reason for trips. Although solutions of the taxi ride-sharing problems are usually evaluated by distance
traveled by taxis, the objective of our model adopts to minimizing the total trip distance of all passengers,
without extending the minimum total distance traveled by taxi so long. This taxi ride-sharing problem is
formulated by a mixed integer linear programming (MILP). For this problem, an exact algorithm under
the restriction of a riding capacity and a heuristic algorithm solving general case are proposed. Moreover,
numerical experiments assess the performance of our heuristic algorithm and evaluate the solution by routes
of passengers and payment fare.
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Table 1 Distance matrix for Fig.1

P2 P3 P4 Pg
p1 | 19 24 25 30

D2 18 23 28
p3 5 10
Da 8

HY, ZOLOIZESNEZOREIHEECHMT 2, &
FZOMED TIX, BMH 1,2,34 ORI, Z20fn
dig+dy, = 33, dog +ds, = 28, d3, = 10, and dy, = 8 & 72
3. £oT, &ZMEDOREIIFEE 33+28+10+8 =79
L%, W, TRSP.T O TH 2 HiH OHFED 71k
T, ESMEORBEIEEL, 47428 +134+8=96 &
%%, HZz22NHFoRBIEHEioRIMLE T 545,
BEOMED FERA SN S, 72721, HWES: 2%
mEORBERIMLE T2 L, ESMEN1ANTY Y
CICEELTHED Z LAVOBIREDAEE > TL
£9. LEdoT, 7> —OMRETIHEE ORI D SHR/NER
LB XY 7 —RBERE L LT, 2FINFEOR
B A /M T2 2 ERHNET S,

22T, [FfEE 2 bR 722N BB 2 R
T8 7v—=74 Fv =7 ) v J7Ti#E%Z TRSP.P & T.
O LD 7. O, ZNENOREIIFPEE R0,
D2FDETDIie NIZBWT f;=1%&%%, TRSPP I3
BIFo & 912k (9)-(19) TERMLE N 3.

weMb Z dijyij 9)
i,jEN

> wy =1 VjieN (10)
ieN
i
S ay=1 Vie N (11)
JEN
i#]
D mio=) w;=0 (12)
ieEN JEN
Z Toj = Z Tig = k (13)
JEN iEN
vi—vj +(F+2zi; <F+1  Vi,je N (14)

yiiji—‘rxij—l—F(l—xij) Vi,jGN(lf))
z;; € {0,1} Vi,j € N (16)

(© 2018 Information Processing Society of Japan

Vol.2018-MPS-117 No.3

2018/3/1
v > 1 Vie N (17)
vo=0 (18)
Yij >0 Vi,j € N (19)

I Ty, i p S OHLE p; FTOR LTY Y
VI EO TR EBINEDOEERL, v; (T p; ZHFEL
TRED Y 7 =IO TR REDOHELT, b LEEE
EREL-OEAIE, 2o ucilfugtt (5)(7)(8) %
MRy, ZoEMuick > TR MED ik
1, Bk ORI T 2 2 LIcEI N », oM
Tl¥., TRSP.T TOIiERY 7> —8%x k& LTHWS,

3. ZLIVUXL

RONCIRAK 2 NETOSMERFETE S &0 ) IRHL
TTOTNVIY AL %2EZLDL, HlZIE, BRY—710
k9 %A RV TR, ENETNOBMEFZFHENTH
270 2L rRAETER, ZOEAIE, FfET 2T
OB X D AFETE 2SMEOMPBIEI NG, K2
MECTCLPEFETE R VWE VI Z EIE, FETIH2ZA
D LREE LY, ST 7Dy F v I HEICE R
T3, BMELEEG N 2/ — FEL, 2 AOSFHDFE
FAED &) D2 BT X > THER SN UEA E 9
5%5777 G=(N,E) %2525, wK2HPHEETE
2 L WHRBD FTlE, TRSP.T DIFFTAIREM 2 12K} L,
{(i,j)) EN XN |2 =1} Z GDe v F v/ ThH 5, i
2, GOy F 7 M, TRSP.T OETHHEM M %
DIFIick h o 643,

o M i D M DRI EFEHL Twiwvisid,
M=ol =1,

o H(i,j) BMIZEENTVELE, o)) =) =2}l =

1H50IE x%:x%zx?gzl

o LEITHRESNARVAL 2 = 0.
vy F Y MIZET S (i,5) 1%, i & jRFEFETLIL
WRHET 255, i & j OFFRIERFT 2@ ) OMTED 5ikh
WIHT 2., 2MIFZ02YH DI BETHEIVNS W%
BHT2LT2, Zhick), vvF v 7L TRSP.TD
FATAIREIR o™ DSIBT 5. W (i,)) € E ODEAZ, 2
Fi b jDMET L LICLo THIIS DI, ©F D,

xT

dz’g + djg — IIllIl{dU + djg7 dji + dig}

ThHZ2E, v F I M OEARE, WNIGT D M DFELT
e M I2EB VT,

Zdig — Z d”xf;[

ieN i,jEN
EEHELS RS, 2N I, G DIRKEAY Y T 7IF

TRSP_T DEGHEEIZAIGT 5.
TRSPPIcMLTIF, 597G =(NUN,EUE) %



IPSJ SIG Technical Report

#2725, 220, Nid2k—nflosys—7—F2EL,
E={(G,j)]|ieN,je N} TH2, GoRe~evFv/
1%, 7 —kBxHOIHED RIS T 5. 2D,
W (i,j) e EDER~y F o lIcains s, &
DHMIEHE L, 3 (i,5) € EXTREYyFr7IcgEins
BolE, ZFi L jOMHEED TS, A (i,j) € EDEAR
SN & j OR/NEBEIEE oD,

min{d;; + 2d;q,d;j; + 2dig},

THZ, W (i,j) e E DERL, BEiN1IATY I —
IR B BROBEINEE 4, T52 5. T5E, Ry TV
JOEAZ, WNIHT BT HIEICE T 5 2NE OREE)
LS L5, LEDoT, RhEAERSy F V7
1%, TRSP_P OEGHfEICNIGT 2, ML, 2flFTL
PRFETE 2\ E W) RECF ¢k, TRSP.T, TRSP_P #
o F 77N R EHGEZ EickD, LEAR
BT 2L TE 5,

Kz, 3 EDOMEZZ LY 7> —HED ML %
25, —MEy 7o —HFED MEIZ NP Hich s Z &
BHEISNTED 2, ta—YRATF Ay 27 7LTY X b%
AT 5. TRSP.T iy ns 7o —H8 k2 /R200 %
DIV TV AT, SR, @Yk zRO%ERE
TRSP.P %f#<. 2% 0, #bk k &SInE oo
DINS K22 X9 BSMEDOEEZRD D, SINEDIE
I HWHZ L & U 7R SR DT, BlR R
WNETEAY 4 —THEDOLIB IR, SEHNMZ L E
L7z & EDOEMM OREREREARIC X 2 294 VEPUTS
L35, Thbb, SO (i,7) Korid, Higip, LHisp; O
FEEERL,

Alat;Alat; + Along; Along;;
V/(Alat;)? + (Along;)?,/(Along;)? + (Along; )

THAGLN S, 2L, Alat; & Along; 3 p; & pg D
BERES 2 DETERT. 2 LT, STl Yz
FAZY Y TEEHOCTN %2 X1, X, ..., X WWHHIT 3
UY, X, =N, 7o, FED1<i<i <K ISHLT,
XiNXy =0 %073 )., =70, 279A%Y v 7T
WHRERTEZEZR L2\, 220, BRETEZMT X
IHEDIRL 7 7 A% ) v 7iExEAT2. Zo7Lray
A L% Algorithm 1 IZ/R$*2, 703V ALTIE, 200D
BE ST A =% 0L aZzH\n5,

Algorithm 1 TES N7l X = {X1, X, ..., X} IC
NLT, &X (I=1,...,kK) ROSE 25T 2 fi
AT ZHE T2, FRARELZVESZE, X, HD
ZMEDTXRTOHMNETF 2T L TRb RWHDEHLD
T, FOAKEWE Z IR =L 2 < REICNT 2

it

Vol.2018-MPS-117 No.3
2018/3/1

Algorithm 1 iterative clustering

[initialization] h := 2, X := (0 and N7 := N
repeat
obtain a partition X1, Xa,..., X} of Nr by a clustering al-
gorithm for S
if |X;| > F foralll =1,...,h then
h<+<h+1
else
for all X; (I=1,...,h) such that |X;| < F do
if | X;| < aor s;; >0 for any ¢,j € X; then
add X; to X and update Nr < Nr\ X;
end if
end for
h <+ 2
end if
until |[Nr| < h
output X

Algorithm 2
find partition X of N by the iterative clustering algorithm

construct a tour of a taxi assigned to each X € X
repeat
find a maximum weight matching in Gx and combine pairs
of clusters corresponding to the matching
update a tour of a taxi assigned to each combined cluster
until there are no appropriate combination of clusters
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Fig. 2 Compareing dist_T and dist_P for F' =2
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Fig. 3 Compareing dist_T and dist_P for F = 3 Kashiwa

&
3

distance (km)
distance (km)

B4 F=30LEDFZED dist_ T & dist_P DIl
Fig. 4 Compareing dist_T and dist_P for F' = 3 Totsuka

distance (km)

K5 F=30DtEDMAED dist.T & dist_P DKL
Fig. 5 Compareing dist_T and dist_P for F = 3 Sendai

DFFENPEHLTELIICRA S,

&5l ¥r7v—ReREBL, 7] ThRoNTWE T
WOMHED Lt 2oRE2 Rk 2, HMEHO L EZOR
S TR T % HIEL 3 & DEA 77— A CORLSy %
AL 7AER, /B ORSIcbTrRERH2HD
DZ DI L TRIZFIFF R E o7, F=3DL
Flln=1206n=25 FTHEPLL A5, Algorithm 2
TRD AT D FHFITH LT, WA SR o kR
Z3ODMEICH L Tfro iR 2 PF®cELT BT
ICRT, ZDe—=bey 7L, ZNEFNDT T 7IEWT
n=12 DROREZ 1 & LK, n OB X > TR4:
BENE TR T 202K LEbDTHS, T, K50
FEORGOBEIZIZEAEDN 055056 15 [BICEENT
Wicted, E—bey 7RETIEIL 05206 1.5 ITREL
T3, FBSBMEZISHELTED, HIvHd S O
PEOIHIZRTH 2., BABn WG LTED, 125
525 FTH5. HOWD LI IZSMBELIC X DEADK
PR RL 2 2 E b H B0, L oflTiE, Aehiko
Iy REhENIRL, £, HH S OIS T
TRODBHZZEbleholk, 2D LD, BEcBL
TH, REBAFPELZ L IEhwEEZONS,

(© 2018 Information Processing Society of Japan

Vol.2018-MPS-117 No.3
2018/3/1

5. EiE

KWHETIE, A XY 2% LD HIHE U gD 5
73— MY Ml EE 2 7. FEORBIEEEZ RIMLd
2a—YRT 4y I TNITYRALEREL, MED HE
PR TH D RN LT,

PN

[1] Agatz, N., Erera, A., Savelsbergh, M. and Wang, X.: Op-
timization for dynamic ride-sharing: A review, Furopean
Journal of Operational Research, Vol. 223, No. 2, pp.
295-303 (2012).

[2] Ben-Smida, H. E., Krichen, S., Chicano, F. and Alba, E.:
Mixed Integer Linear Programming Formulation for the
Taxi Sharing Problem, Smart Cities: First International
Conference, Smart-CT 2016, Madlaga, Spain, June 15-
17, 2016, Proceedings (Alba, E., Chicano, F. and Luque,
G., eds.), Springer International Publishing, Cham, pp.
106-117 (2016).

[3] Chan, N. D. and Shaheen, S. A.: Ridesharing in North
America: Past, Present, and Future, Transport Reviews,
Vol. 32, No. 1, pp. 93-112 (2012).

[4] Furuhata, M., Dessouky, M., Ordénez, F., Brunet, M.-E.,
Wang, X. and Koenig, S.: Ridesharing: The state-of-the-
art and future directions, Transportation Research Part
B: Methodological, Vol. 57, No. Supplement C, pp. 28-46
(2013).

[5] Massobrio, R., Fagindez, G. and Nesmachnow, S.: A par-
allel micro evolutionary algorithm for taxi sharing opti-
mization, VIII ALIO/EURO Workshop on Applied Com-
binatorial Optimization (2014).

[6] Tao, C. C. and Chen, C. Y.: Heuristic Algorithms
for the Dynamic Taxipooling Problem Based on Intelli-
gent Transportation System Technologies, Fourth Inter-
national Conference on Fuzzy Systems and Knowledge
Discovery (FSKD 2007), Vol. 3, pp. 590-595 (2007).

(7] WL BN GEE B EE K S £~y R
FDTDD I A Py 2 7% —E 2D KSR 36T
FOEY—ERZRLEXREFRE (2018). B FE.

TRSP_P Dfi h.a. Of
6 FIEOMHED ik
Fig. 6 tours sketched for Totsuka
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Fig. 7 The changes of the fares of the first 12 participants in
Totsuka
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