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Mathematical Model Analysis of Travel Distances in Shared Taxis
Yuichi Kozakai,Yoichi Shimakawa

Abstract

This study investigates how transporting multiple passengers simultaneously affects the travel
distance of a shared taxi, a transport mode widely used in Southeast Asia. While previous studies
mainly considered one or two passengers, we develop a generalized mathematical model allowing
an arbitrary number of passengers and analyze how the travel distance varies with passenger count.

The city is modeled as a circular disk, and passenger origins and destinations are assumed to
be independently and uniformly distributed. Additional passengers are accepted only when their
destinations do not hinder the approach to existing passengers’ destinations, which geometrically
constrains feasible locations.

Using Crofton’ s differential equation, we derive the probability density function of distances
between two random points and obtain the baseline expected travel distance. Distance multipliers
for multiple passengers are then formulated and generalized via a recurrence relation. Assuming
passenger arrivals follow a Poisson distribution, the overall expected travel distance is evaluated.

The results indicate that although travel distance increases with passenger count, the increase
converges to a finite limit, implying that ride sharing leads to only moderate additional travel

distance.
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ErNThRONIE I, [d1,d2)f5[d2,s2][ &
BN TREMICHET 2RENHND A% %
BT 5L,

e HRA: [dl, A2 THRMFIZ~Y Yy F9 5 F
Z3INFS TL DHZR

o HAEB: [A22]Al THRMFIT~Y Yy F9 5
B3INFESTL AR

o HKC : [d1,d2]IH[d2,s2]f 1L B & hTHM:
I Y FIEREINVFESTL HHR

&9 5,

FTIEP(A|C)([d1,d2]f »[d2,s2f ¥ B & AT
Bz & wd ETdLLd2)E CRE BN D MHER) D
LRDD, RAZXDEHLLD,

P(ClA)P(A)

PAIC) = =5

(15)

TH 5, P(C|A),PA),P(CY2ENhZThKkd5B
&, EiEERIZdz2 UT,
P(C|A) =1
3
P(A) = a’dz
9
P(C) = (a3 + b3)dz

97
s, ZhoE2A(15)ITRAL T,

a3

BESND, FRKOEIELETAZIEP(BIC)LES
j/]-/\
b3

IS DEGIFRERALET BRI W3,
A(16) £ R(17). go(z) DFEH(FEHBIN S X
TEfEIZ7:2 2 )2 MAT 2 L HERZLIZATO
£5R(18) %3,
3
o) = (LD
=~ 1.28437x

b3(a + kb)
a® + b?

(18)

3.2.4 BEFADHZE (ga(x))
JENPUHOLGEIIMDO L S LFAEDOEZH &
0. BEADFEAEM B TG ED T 217 2 130



1ABOREHNFHE

2 NBDRENFE

B9 EEBIOBE

REBFLLT D X5 X (19) & 4k 5,
3 3

L
a3+ b3 a® + b3

b3
a’ + b3
b3 a’ (19)
+ a3+b3(a+ a3+b3(k¢a+b+c)b
3
+ m(a + kb + C)b)
+ c)x = 1.32809z

(ka+b+c)a

ga(x) = (

+ (a4 kb+cla+b)

325 EEHEDZE (9i(2))

PLE% =ML Tg(x)% kD, g(x)h
5ga(x)D ¥ EAgy, go(x)h Sgs(x)D
HAGD XD ITHINEEZ KRBT 5, Thbb,
= (k=1

= (P(A|C)(k —1)a+ P(B|C)(k —
Agg = (P(A|0)?(k — 1)a*+
2P(A|C)P(B|C)(k — 1)ab+
1)z

1)b)x

P(B|C)*(k —

b, Ihe—id s &,

Ag; = (k— 1)(P(A|C)a + P(B|C)b)"!

Thb, £oT. gi(x)ldAgzHANT, WifbR
9i = gi—1 +Agi—1

THRITES, ThiE ¢g=(k— 1)z = 1.08,r =
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P(A|C)a+ P(B|C)b = 0.31& LT,
¢ gri=t
1—r 1—r

LRDSENDEM, ZORNRS, i — ok T

9i =91+

gw:gr+Tifng&am
-Tr

R 5N B,

3.3 EEHITEDODIEHBENESy, & FIOFENER
BEXDEH

FHEBZ L OV B Lg(2) & fx(2)%
IZRALTKRD B, FHRMERITER2E 45,
|EBDUNS & 5 XL BHERP,; % i )12 & A
P UCTEIBREIEHX 2517 5, BEIIRT
VURHTHET D ERET D, T4hbb, P, =
AT THB, 72 URENIAL EOBE % 5
RIZLTWBHDT, REOFEREREZuL LT,
EIICTHET ZREMD VI EZN = pu— 1235,
TYVUNRKI2AED THL I LEHE AT,
p=1---,82L7&XDXDFEREE KR
ER

(1%

* g = paj_1 + qri T IBOWHERE & R L THELTW

%
B HRAKI, 21 = 22 THS,

6 NTBMORERDOFEE 2 KT,



FAAIESE

K2 REBT L OTHBBEM;
[ mEsu | VBB, | o2 OREg/x |
1 0.905415*° 1.000000
2 1.079797 1.192600
3 1.162591 1.284042
4 1.201900 1.327458
5 1.220563 1.348071
6 1.229424 1.357857
7 1.233631 1.362504
8 1.235629 1.364710
9 1.236577 1.365757
10 1.237027 1.366255
11 1.237241 1.366491
12 1.237343 1.366603
00 1.237434 1.366704
£3 THBBHMEX
FEOVH | VBBEMX [ p=10r &
S B L D
1 0.905415 1.000000
1.5 0.982097 1.084693
2 1.041069 1.149826
2.5 1.086421 1.199915
3 1.121299 1.238436
3.5 1.148121 1.268061
4 1.168749 1.290843
5 1.196812 1.321838
6 1.213409 1.340169
8 1.229031 1.357423
4 FEDH

AWFTIEEITME LR LTREX 7Y
— OB TR OB E T L FHRZ2 1T 5 7=
R & OB EIEEE & — M2 AR B
xRz, REMZ L DODOEIBE M, 1XRE
BOERIZHEZ 722 U Thr, = 1.273283TH b,
FELE LEARTHL.406350F2 12U F 5, B E)E
X ZIEEE IR VWE WD 2ot 7272
LINEHET IFEEXI Y —IFBRIZEHEL T
WAR IO WNEEZ B E T5ENMDOK %
T TLIFOTHE L, »DENMOREE IXHTORE
DHEUZRBITHRETT 5] LW EITBRNE
AW ETOMETH B, ZORENEML
BEDETMEIZSHOFETH 5,
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ARFFE Tl lpz BRIV REDE UL TH-
Tzo FEBRTIZMI TIER S MAEICEEZRE L &
S eMTFRINDG, FEVIRILENS K 5 7224
HThNIE fFEERTY FTEIEDEHNDALE
WEEDEWAEIZRS Z EIEHFaEEI NS,

RBIZ, 787 hroMa AL WS FIEI
DWTH, —MINIZ, [ RD SEED RN DI
FEZ BRI 2DXEBEN. EEOEP SR
D AN YRR DO FH IR T H G EH L\,
LnrL2zua7 bryolahiglens FEEzHV
NIEES Vo ZMETEHREERBZ KD LH
MHBETH B, T I HFEHEERD SN DHAR
FHEOEHLRTH 5,
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