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Decentralized Data Allocation for Automatic Toll Collection
Systems for Transportation Services

MIKIO TANAKAf

For the purpose of an automatic toll collection systems for linear transportation services, a
decentralized data allocation method in distributed communication systems is discussed. A
simplemodel to formulate the movement of users (passengers or vehicles) along a linear trans-
portaion network is proposed as a first step. Then the merits of user-ID based toll collection
gystem is introduced. For the purpose ofthis user-ID basedtoll collection system, the alloca-
tion of replicated data over a transportation network is required in order to reduce processing
time at exit nodes. Some methods to implement this system andmethods to evaluate their
costs are studied.
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Fig.1 Method of user carrying information.
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Fig.2 Method of transporter storing information.
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Table 1 Comparison of 2 methods (user carrying information vs. transporter storing information).
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Fig.3 Method of transporter carrying information.
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Fig.4 Transportation network and the entrance/exit of a
user.

Nov. 1996

BEIKEE L, BMD: ) —ERETRBES
LBEBEEIZIEKIEL 2\).
o 55/ FICHFETAFAED, BABEAICK
/= N \BIHE (BEX):
a (0<ax<l)
RliAy 7= 0BT ARE GRHEE):
B (0<B8<L1)
&E¥ 5.
ML/ —FEErRRI1-—a-BLR3. 22T
FEMRFMAIC2 /- F QR #UkRIIEET 2
(BH2ViZ 2/ — FEGRRZ BT X 250 2 BT
BlE Lzt bnia).

7, KA v FT -7 ORREBK 1 kT), B
FL, BIK S5ICFNo0EES, e RN
ZZONBN, ERLOBITIE
o MXFRKIIME (MMizBEHK) Thh, &k

ZW
E¥ 5.

ERDE ) ZHHRTEZLLZE R Y T -2 LOF)
HEBBOTFVIIRS DL Ik B,

3.2 HAEEBBHETTILOMRK

ATET TRAI2E 7V IEHNICIE, SBEORITEE
THIX, LTOL)IZMRTX%. »5B5TH2ER
DENICHFET DFIRE, ROYMBEMAIC 208
DYALBOZ M2 FROHKD 8 THD., FRkOM
MRBERIC, XOROERAECEROHEEIL o T
5. ROFNEATEY, BALANE Do TH 2 BRIE
BIFIAE L o TEND ) —HTIRIEV. ¢thwz,
ROBMBEMAIL, CHE50BRICOLET 2 VRER)
FHEL, #Wh(1-a-p6) Tha.

LEDE ) REFADOHE, EROICIILUTOLS
LEXRN UK E» NS, DT, [FIAZ] % Entity,
[FIHBA%] % Entry, [FIF#T] % Exit £ ¥ 5.

W, W%t =0 I8vT, Nodef0 |2 Entity #°
FELTWEET 5.

e £ Entity #°, B t B#IIKEFAY FT—2 A

WHETHHE .
E@,t) = (1-p) (1)

o % Entity #°, B¢ ¢t %2 Nodefn (ZHIET 2

BE (2L t>n):
P(a,B,t,n) = (Cra™(1 —a - B)!™™ (2)
o ZO Entity #°, B ¢t ~ (¢ +1) M- Nodefn T
Exit ¥ 558% (Z72L t>n):
W(a,B,t,n) = BP(a, B, t,n)
=fiCra" (1 —a - p) "
(3)



Vol. 37 No. 11

ZERROEHEERNO D05 T — YRR 2131

ﬂ”ﬂ”ﬂ”ﬁ

-

o a

Node¢0 Nodew ) NodeﬂZ
8 B - B *

Noder3 NodegN

B B

5 X@ivb7—2 LOMBEBBHNET N
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Table 2 An example of the value of W.

t/n 0 1 2 3 4 5 6
000 | 0.100

001 | 0.070 | 0.020

002 | 0.049 | 0.028 | 0.004

003 | 0.084 | 0.029 | 0.008

004 | 0.024 | 0.027 | 0.012 | 0.002

005 | 0.017 | 0.024 | 0.014 | 0.004

006 | 0.012 | 0.020 | 0.014 | 0.005 | 0.001

007 | 0.008 | 0.016 | 0.014 | 0.007 | 0.002

008 | 0.006 | 0.018 | 0.013 | 0.008 | 0.003

009 | 0.004 | 0.010 | 0.012 | 0.008 | 0.003

010 | 0.003 | 0.008 | 0.010 | 0.008 | 0.004 | 0.001

011 | 0.002 | 0.006 | 0.009 | 0.008 | 0.004 | 0.002

012 [ 0.001 | 0.005 | 0.007 | 0.007 | 0.005 | 0.002

013 0.004 | 0.006 | 0.006 | 0.005 | 0.002

014 0.003 | 0.005 | 0.008 | 0.005 | 0.003 | 0.001
015 0.002 | 0.004 | 0.005 [ 0.004 | 0.003 | 0.001
016 0.002 | 0.003 | 0.004 | 0.004 | 0.003 | 0.001
017 0.001 | 0.003 | 0.004 | 0.004 | 0.003 | 0.002
018 0.002 | 0.003 | 0.008 | 0.008 | 0.002
019 0.002 | 0.008 | 0.003 | 0.008 | 0.002
020 0.001 | 0.002 | 0.003 | 0.002 | 0.002
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Table 3 An example of the process of computation.

t n R w Tw Cost ¥ Cost
1 0 0 1.0000 0.3000 0.3000 1.0000 1.0000
2 1 1 0.7143 0.1500 0.4500 0.7000 1.7000
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8 3 3| 0.3644 | 0.0375 | 0.7162 | 0.3430 3.7742
9 8 4 0.3187 0.0113 0.7275 0.1176 3.8018
10 6 5 0.3187 0.0113 0.7387 0.1176 4.0095
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Fig.8 An example of the value of hit-ratio and cost using dynamic method.
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dynamic method.
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using dynamic method.
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