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Possible Travel Routes in Time-Dependent Networks

Student : Chia-Ying Chien Advisor : Jin-Yuan Wang

Department of Transportation Technology and Management
National Chiao Tung University

Abstract

Time dependent route guidance and travel estimation are important elements in a

Advanced traveler information system ( APTS ) . Most previous researches focus on

providing shortest paths; but neglect the occurrence probability. This shortage results

in the extreme low probability of the provided route.

We propose three proeedures to determine possible travel routes and their
associated probabilities in a time-dependent network. The first and the second
algorithm generate possible-travel time range of the suggested path based on the
algorithm proposed by Miller-Hooks and Mahmassani (1998). The third algorithm
calculates the occurrence probabilities of a given route. The computation complexity

of these three algorithms is also analyzed.
We use simulated data to evaluate performance of these three algorithms. The

testing results shows that these algorithms are efficient and can provide useful

information to travelers.

Keywords : Time Dependent Shortest Path ~ ATIS ~ Traveler Information
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B 3-1 Miller-Hooks and Mahmassani j# % ;% § &3P 2 3 i B][6]

% 3-1

7 kR Miller-Hooks and Mahmassaniy 6]
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t 12 Miller-Hooks and Mahmassani [6]%45 B 2 % — it & i 0|3 4
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Arc c

Arcd

Arce

t=2

t=2 t=3

2(05)|5(04)|4(02)(1(04)

3(05)|7(06)|5¢(0.8)|31(0.6)

3(08)|6(04)

7(0.2)]7(06)

4(02)]5(03)

6 (0.8) |8 (0.7)

2 (0.1)

9 (09)
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§ 8L 3R G ACEE 0 S EEAARG g8 o FhwiE B BT
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JEXL P BT FrE A4
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#H 20
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At =1 VieV,tel
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#-iz 84 » SE list 222 SE = {4}
# 1 JSE={4pd B Al 52 BAELK G P oW 8 j=4,SE={}
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$eehda s o B 5 e23) 0 RATE  HAERESR2
=238 L PRS2 I o F g 7 pE R fodp Wk e
WEFE W g2a D  ZEESFRIAILINESLEL P IEER
2R =3 A kB H
t=2>
SEE2NEF 2 NE D SAG AT AR 0 B
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ki Bt ek > =argmin, {7y, (2)+ 42 +75,(2)} =1
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ERED VPR =2 I8 1 S BL4 B R FREERTE g A i
=P ()% 15(2+7,,(2)=08%x4;(2+3)=0.8
HATPEAR R oA AR EO o FRTRER R R T AT A R
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2A(2)=32 £(2)=08
7i(2)=42 7;(2)=min{2+3,7} =5

t=3
1, =min,_ {6+ 2,(3+6),7+2,(3+7)} =min,_,,{6+0,7+0} =6
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7y =0.4x1=04
7, =6<4(3) =0
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AK g L RT 0 Ff M-8 B2 40 3 SELists T SE= {2} -

i=3
A4 =4,24)=02,7(4) = 4,73 (4) =7
A(5)=52(5)=03,7)(5 =4,72(5) =7
A(6) = 2,2(6) = 0.1,71(6) = 4,72(6) = 7
A7) =3,2(7)=03,74(7) = 4,72(7) = 7

SE = {2,3}
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Iteration2
HF1:  j=2>SE={3}
# 2% 2
i=1-t=0> 4(0)=54(0)=0.4,7(0)=2,77(0) =2
SE = {3,1}
Iteration3
HF1:  j=3,SE={1}
K2 i={12}
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T

She

-
I
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~
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t=3 A(3) =5 £3) =008 z.(3) =3 72(3) =4
SE = {1,2}
Iteration4
HF&F1:  j=1,SE={2}
HA2 i=0
Iteration 5
HAL j=2,SE={}
”55/‘-?22 i={1},i=1 2% L 4%
Iteration 6
#H1: SE={}

#H 3. SEList 2 2 # & & dis ¥ R hdrd 32997 ¢

20



# 3-2 Miller-Hooks and Mahmassani [6] % — i & /% ¢ &) 55 %

74 kR Miller-Hooks and Mahmassani [6]

Origin node  Departure time  Travel time Probability Path
1 0 5 0.4 1—2—4
2 2 3 0.8 2—4
2 3 5 0.08 2—3—4
3 4 4 0.2 3—4
3 5 5 0.3 3—4
3 6 2 0.1 3—4
3 7 3 0.3 3—4
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® 3-2  Miller-Hooks and Mahmassani=j# i+ # 0|30 2 3 B Bl[6]

S| HEi| Hm | PR | RERR () | REER2 ()
a 1 2 bE 15~20 (0.2) 20~25 (0.8)
L 13~18 (0.4) 18~23 (0.6)
HEE PFEC 10~15 (0.1) 15~20 (0.9)

S| HELD| HE] | PR | REEm L (3) | REER 2 ()
b 1 3 E g 20~25 (0.3) 25~30 (0.7)
T uE 12~17 (0.4) 17~22 (0.6)
HEaE PR 7~12 (0.8) 12~17 (0.2)
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c 2 3 g 18~23 (0.9) 23~28 (0.1)
T E R 25~30 (0.7) 30~35 (0.3)

HE pEEL 12~17 (0.1) 17~22 (0.9)

d 2 4 L g 11~16 (0.7) 16~21 (0.3)
T 16~21 (0.4) 21~26 (0.6)

B g pF L 8~13 (0.5) 13~18 (0.5)

3 4 BRI 24~29 (0.8) 29~34 (0.2)

T T 15~20 (0.6) 20~25 (0.4)

HE pE L 11~16 (0.1) 16~21 (0.9)

Iteration 1
Lk
V=1{1,234}
A= {ab,cde}
c I e o o)

L 3

Tk pEEL

AM 7:30 ~ AM 9:00 =

PM 5:00 ~ PM 7:30=

BUERE = - X ¢ QBRI g

ZEBEN=4
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1020 ~ 1170




FprlEiggEF nt,= AM9:10 =550
PP EHE s SRR AR L - &) B ont,=-1 for i={1,2,3}
LB 4T L B e > ns; =4
#-iz8h4e » T SElist * » SE = {4}
HF= o JESElistB~ % - B&g- %L j=4> 0 SE={}

HEZ L HEB 4 A7 B PERie(23) 0 RAE AT} AFEnEkR

B FPLLER G2 i=2 H TR R L 9 =4 o

S L EENt, TR PR E > 5S40 < Nnt,=550 < 1020 5 BT HE g

FEE2 ZHRMEEARd A NP EEIE4 F PR, TR RE S SES
MdATE R o] e FEBL S = nt, —t,, =550 — 8=542

HIET N, T P B S40< Ity = 542/<.1020 0 s A pE g
nt, fent, B3 e PR R A R R TR

i=3

nt, = nt, — t;, =550 — 11=539

450 < nt, =530 <540 5 gt b= o g pREL

nt, font, B2 g FI G EAT R R EER o LS KPR g

Q;, =540

£, =550—540+24Xw:12.18

f;, =550-12.18 =537.82

H e

ORI PR R R R e fo A A R F R R BT (AT A AR
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# o T H3Z e 24 ~ T SE list
nt, =max{$ =542,nt, =-1} =542 > ns, =% =4 » & SE= {2}

nt, = max{9, =537.82,nt, =-1}=537.82 > ns, =9, =4 » # SE={2,3}

PR BRSRIRBE R LRSS 15254 & E BT SoaL )
B 4o 3-6 o

pE

-~

403-6 BTtz BOEELTNE E 2 0

& gk B di g R BT
1 AM 8:48 (528) 1—2—4
2 AM 9:02 (542) 2—4
3 |AM8:57.82(537.82) 34

35 PHEpERED G ZEFNFERFZ LA

MAPIREFEFRZME KBRS 2R THRTEE - s ek
BRI 40T AR L TR T o BCERT Y F R BRI
FRER AR A E A T RCEEL BTG T AER
AR EA R R R BEP R E S R E I E o RS EEORP -

351 FKiETH

PFBEAE A BEF e R L i P Eig N FIERRT
—E"ﬁ')\; (234:%) j\ﬁ* Lﬁx"\"'ﬁxlg_._ X ﬂé.'jlgﬂiv 1i15Q‘_L
SR NP AT RERER SR FRERE T i
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3.53 KfzH 3=
#H - A4 it ¥ 2= 2 Scan Eligible List ©
WORE A T E L R Y pRE e £ AT Ig BN 2 PR G Nt

nt, = M- # ¢ ic {shortest path} - M 5 - #&~ ¥ - 345 3.4 & Al 7 &

I
20 P T BB T 0 e B BT Y 0 E S Bhin ) B dins o H ¢ Ae gk

O ¢hmns, =0 » ¥ ¥ #-% &84c ~ 3 SE list» list 2 " A G5 BB 45 2 B

dor o B i G AREbS T plam g 22k B NG EEN B A o
K- EEP TSR

|%7TSElist &3 52 f & > FARBIHIRT 5 53 RULlist &7 &
k- BaEh ZEEhge

HFZ L E 2 PERR Y -
1. £ i=ns;
2. X8R A E B TR PER 0 ARG &R (1)) At BRI e
ARG, AR R E R Y Aot (24) #E o

B =t (24)

! J 1)
358y font, £F B e R FERBI B S FERALT -
2
'ﬁ’_%‘r ) a’éﬁ{ (1’_]) ﬁx-\’?»\ﬁfﬁkﬁ& ’E]‘Q\—"\‘ (25)
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Fo FHERR G RO AR EN ] o RIF LATE RN BT

FEERRLE  TREEF B AEEAN TR ERE RS R

354 FEE2A¥H

5 fE- dR(L)eA i e TN ()77 FHHTEAB] 2 PR
nt, - /&4 B, T B ek 4 s EEE S 0 £ P k=13,..,2n-1) -

P B 7 AL A 0 F R E R At =t

FHHEE T L E N (1) 7 > Pt - §8(G,)eAn 3 » #F

ol
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BRxRaMm,j)eA j el () ¢ 7 bz E@EEYy » #EF

nti"Zntiy:ntjy—tilj where x #y,j, €eT(i) » 2@ § =+ B & Rex BT R

>Jy

N 2 N I 4 . 7y 22 Ny
FEEZ 2 357 > &2 > nt) :ntjy —ti,jy P EIE o rE G ATy e ARD

E-EFRERIRESpRL T BREFEL R =, RIL, =
e E(2T) PR ERSARERFR A B AT RARFEFA S E
¢ g o] B o

nt' =nt, —t' =nt, —(t. +2R)

Ix 1,Jx Jx 1,Jx

>0ty =nt; —t}, =nt; —(t; +2R)

iy

BT A2 g E 2 BRAERREEOV) P BN E TR B2
& o

EAFEEY > TG BT 5 e SE list - e g 0 - L3 E AR
ﬁ%"ﬁ fs rj-*ﬂ» Foap L 4v P SElisto fd=4n it P ¢ Sl g (74 2 BT X 4e »
% SElist > F]pt SE list 2. &2 B #Hc s v o

PFEE- SEE o LR A H AT b AFEL o R AR ahB s P L PF
B d IR NG - R TR E - SR - B SR B FA A

£

AR 345 &2 RV JIF 345 & £17 bk

P2 B it
TR PR WL KSR N F > SR 2 Ris P ESE4
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d 17 e ARIERF G R R ML ER SR 1> >4 2 BT k
PSR NF LR R LS P B AT RIS 87 § 8
Tle B fede™ ot 52 PP podbER e gt s s B E LT

Iteration 1

# -

V={124}
A= {ad}
R B PR

FEREEE = AM7:30 ~ AM9:00= 450 ~ 540

TE QPR = PMS5:00 ~ PM7:30= 1020 ~ 1170

Yrof pEEL = - X ¢ A PFELL chpE

B N=4

TE 3t P aE ig B pF A nt S AM9:10 = 550

AR THFIEE 6 SFRPEIPEFF L - L &

nt. =M=9999 fori= {12}
KAIFALEHBR Y 97F $Zent 258> F)Y ns, =Dns, =1 ns) =2
Bap A EE PR 0¥t § 84~ 3 SElist ¢ 0 F)t SE={4,2,1}

HF= 0 JESElist ¥ Bl 5 - Ba&g > %5 j=4> P SE={2,1}

B REROREAY > HEB4 A 0 BRI =ns =2
F ANt SRR > 540 < nt, =550 <1020 > Ef 3t G pREL
FEL2 2SR dA P EEL4 FR gt TR FERE S 5B

FRATTEF B AGRARERF > 9, =nt, — t;, =550 — 18=532
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LT G PR 450 < B =532<540 o T E L pEEL
nt,fe % B2 F PR > §EATE RimmRE
B A B PP I EEQ,, = 540

£}, =550 540 + 21x¥ =19.33

9 =550-19.33 = 530.67

She
-
fen

A R R SRR e fo Rk AfRge 0 R s o RIF AT
A AR 0 nt, = max{$ =530.67,nt, =9999} =530.67
Iteration 2
#F= 1 j=2,SE={1}
Bz =1
nt, =530.67 <540 ® nt, =530.67 <450 - F/fp3t = 4 pEE
$ = nt, —t!, =530:67 —.25=505.67
450< §' =505.67 <540 - Itk =g g pEE
nt,fcd B> kPR > R R AT R AR
nt, =min{505.67, 9999} = 505.67
Iteration 3
HAp=- 0 j=1,SE={}
#H 3w 0 SElist 3 2 f &> B Ligh o
EREERLL S 1>2>4 BLERES BRIFEFERF2Z S5 4

3-6 4B > Ao dk 3-7

41



%37 BBFIE 2 BCERTINE 2 2L b %

)13 B G Ak pE Ry BoHE 0k pE R BT
1 AM 8:25.67 (505.67) AM 8:48 (528) 1—2—4
2 AM 8:50.67 (530.67) AM 9:02 (542) 2—4
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d S 5 BV R T R RET L R FERNERRE
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PEEN FEXF 3 Sl N RS S ST N
- HE R omm e
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REFF L2 FRFF Avria PR E A FR ¢ AN
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-

=
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2 | SElist 2 7 & &% 7 fuge

Jay
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oz A TR b KFEER RO A B BRI TG A TR R A

B RBAEZ A A e PR 0 R ] BAEL B A -

3.6.3 'f\ﬁ’iﬂ}%
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WA AE TS LR R R R 4 GidAcsk O 5 2 B
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PR ERE ] 2 AP R [y, 1o s S o) 0 4t (6)
"”TT‘T °
yi=nti+t 2 ogl =0ttt e g = p, xpj;

oy =t 4t L2 et o o = X P (6)

3.8t fry) AF B R FAMBIH I L FTERLT - H

4. 285y foy! LT B PR

LoFE MEA R SR (1)) 2% AR R 4058 (28) 977 o

1 1
i (Qi,j_nti )

t2 —(Q..—nt?
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gt (29) AT E TR L FRFER BApH R BT E 2 #
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nty —y;

F oG PR (28) 250 (30) AB|EATYE T EELj L R

Bz qey) » RITFBEj 2 B R 2 Q) ~3t (29) * 2 y]  Hip

HhzFEs (31)e.

pl =50 (6) F 24P =3V (30) o (31)
HIr L AT EARR

SRR SRS b S SR R ) U o R
TRy, rl 17 24 FERRAFFE R T4 r 2 &I RR/E L
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PARE S IE R SER ST BRSNS R
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B 3-4 A3 FE 2 5 IARPE R 2 Rt

P HEL 8 Fa jF B 2 P AT R B R S 0 T SR EE ko
FORLA RO T ARG RE L P TS L G E ] e
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m
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3.65 FE 2 i
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>2—>4 TR PR 2ZERET ek KfE s P N B L S gEAREE 1 DF > R T
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B ALY ISR S

Iteration 1

HA-

V={124}
A= {ad}
R B PR

P EREPEER =AM 7:30 ~ AM 9:00 =450 ~ 540
T o pEE =PM 5:00 ~ PM 7:30=1020 ~ 1170
BWEPREER = - X P MR R

422 0=1

R A =nt] =AM 8:30 =510
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352 %% N N P S 2 2 2
SIf R BT L & BE2 T AFERRH 0 frrins) =20ns; =40ns; =4

ol
ai

PRBERTTH &8> kK4 r» 1 SElist ¥ 5wz SE={1,2,4}
%=t SElist® B3 % - B&Z o £ 5 i=1,SE={24)
HAZ D AIEROREAY > HEE 1A 0 AT R j=ns] =2
LNt A PEE > 450 < nt'=510 <540 > F]pt e b 5 L pEEL
GEhl e Rad TSR SR TERERED G
Masrg Epare mREERE ] 0 SR RS E p),
73 [0]=nt! +t/, =510+15=525
ya[0]=nt] +17, =510 + 20=530
p,[0]=p, x pll’2 =1x0.2 =02
450 < y2[0] =530 <540 FpLfE b oo pEE
nt’fey [0] Bt e PrE > a3 Z AT B s A
Nt S RFERES GE S Ra Y R AR T R G
[t),, 6] 1 & Srip gt ciid 5 & pf,
yi[l]=nt} +t, =510+20=530
yi[1]=nt] +17, =510 +25=535
p,[1]1=p, x pll’2 =1x0.8 =0.8
450 < p2[1] =535<540 > F]p i3t b = o u pEE

Nt ey 2[1] B> e P > %3 ZEAT BTl
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@4 nty[0]= y,[0]=525>nt3[0]= y7[0]=530>p,[0]= p,[0]=0.2;

nty[1]=7,[1]1=530>nt;[1]= y;[1]=535"p,[1]= p,[1]= 0.8

Iteration 2

#H - 1i=2,SE= {4}
HF=&r 1 j=4
450 < nt? [0]=530 <540 » F)p e b ok pEg
73[0]1=nt,[0] +t;,, =525+11=536
7:[01=nt;[0]+1t;, =530 +16="546
p.[0]1=p,[0]x p}, =0:2% 0.7 =0.14

540 < y;[0]= 546 <1020 » FJds > a s p g

nt2 e 72 (0] B3 2 pE B T 7[00 7 2[0] Bt 7 I PR

B G A IR T ERTE R TR

5 - 2

b R ol ER A R8RS Q,, =540

10t 73[0] =536 72[0] = 540

540 — 536
01=0.14x>2"2" _ 0.056
P3l0) 546 — 536

EHE LS
T — 540530+ 18x 70340

=16.75

72[11=530+16.75 = 546.75
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71[1]1=54072[1] = 546.75

P4[11=0.14-0.056 =0.084

73[2]1=nt,[0] +t], =525+16 =541

7i[2]=nt;[0]+1;, =530+ 21=551

£.121= p,[0]x p,, =0.2x0.3 =0.06

540 < y2[2] =551 <1020 > F]pt Jf >+ dprad o gx

P00 72[2] Bt ? b PRE o 9 R B E AT R A pER
Ao RhpEFesQ,, =540

nt, font; &> e PR

z_'i'jj =540—530+8x¥=10.5

T = 540—530+18x¥: 19.429

@ 0yl [2]=530410.5=540.5 > y2[2]= 530+19.29 =549.429
£,[2]1=0.06
Rt REAE 0 (S BlRE R AR 3T 0

%37 LREIEFRFLGLZPFER

BT B R R ey R
1—2—4 536---540 0.056
540---546.75 0.084
540.5---549.429 0.06
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540.727---552.375 0.56

543---553.714 0.24

Bk s BRERFERIP s BRER R 5 LB BEEUE IS

e FERAT 0 RGEE A RS R T AT AR 380

% 3-8 LHIIEWRE LG RFE S

B Pl e AR $ Rt
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