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Abstract In navigation system, a primary task is to compute the minimum cost route from the . .

current location to the destination. One of major problems for navigation systems is that a significant
amount of computation time is required when the digital road map is large. Since navigation systems
are real time systems, it is critical that the path be computed while satisfying a time constraint. In
this paper, we have developed a HiTi(Hierarchical MulTi) graph model for hierarchically structuring
large digital road maps to speedup the minimum cost path computation. We propose a new shortest
path algorithm named SPAH, which utilizes Hi7i graph model of a digital road map for its
computation. We prove that ths shortest path computed by SPAH is the optimal. Our performance
analysis of SPAH also showed that it significantly reduces the computation time over exiting methods.
We present an in—depth experimental analysis of HiTi graph method by comparing it with other

similar works.
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£ Atk == yo DESTAIY AR f28=9
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gAY =9 dojgHoj2dA EE

begin

/:?\ssume we have & level k HiTi graph defined on a level &+ 1 8§T; */

J* {SG1,8GE, ..., 8G5, } and H*(P¥, A*) are maintained as adjacency ligts; */
/* Al the edges in SG1 for 1<t < m are agsumed to be level O edges; ¥/

/* All the edges in A" have thair corresponding edge level */

Step 1:
For 1 € i,j < na, find G} and §G] where smnr € §G} and DEST € §G};
Let § be the level number of LUE,;T(SG’1 Joles]
for {p=k+Lip>lipe—) % 55(5G1) = 9-’(55") »y
Mark all nodes in SN(So‘(S:(SG;))) with level p—1;

H@=1) /"8G =56
Mark all nodes in §G7 with 0;

else {
for(p=kp>1p—=){

Mark all nodes in SN(Sg(SE(SG'}))) with level p~ 1;
Mark all nodes in SN(SG(S (5G}))) with level p— 15 }
Mark all nodes in $G§ and SG’ with 0; }

Step 2
Let AMm) = oo For all the marked nodes @ and A(START) = 0;
FSet = { START }; BSet = 0;
while (F5et # ¢) {
Select u from FSet with minimum Alw) + #(u, DEST);
/* the function f{u, DEST) esti the En
from node u to0 DEST */
FSet=FSet-{u}; BSet = BSet U{u};
it (u = DEST) stop;
Let 7 be the highest level number of the edges incident on node u;
if {u is marked) {
Let 8 be the marked level number on node u;
for each odge u —+ v with the levels from 8 to 7 {
if ({v € FSet) and (v § ESed)) {
Alv) = Aw) + 35
FSet=FRetU{v} 1}

else {
(A} > M) + &) Me) =MW+ 13 1Y
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level 431 MEIIZER olFA it o|FA wWE
o1 level 4 MBIHZ EF STE the2oA SPAH
g 487 Y Bad level 3 HiTi 1H=ZE A
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714 |NHE Jevel 1 HH:LEHJL SGIA A Bojd &
E AA ==59 & N4E depdoh Level 391 7
HiTi z1efze} 2y 7—%1} Jgzel g, gel=
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Aol tigh 20719 M2 92 A" ARE Atk H,
A, & Zt SPAHS A9l & UEH edgeE2
Z Aeta skAt

B E=RAME At DEST F3 Z3 edge coste
e 285t EF3Hnormalization)str] fa)A, o] F
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= AZrl 10]3 F =ZA10l9] edge costZl o=
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ozA Hws] Erh ow, o] FHe TE sourcest
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Th 2 3 a2 7ol Roxio)h o] 2o, x F9f 14
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72 Hlgo] S/ wey ¥ A/H.0l 54
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the number of shortest paths
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o] AolMe= o7 Heje) edge ¥R EIZI7} SPAH
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10=IV]<20% DESE AX5(F, 5719 seed® 713 4
A dd BE)NY level 3 HiT: ZH=E e
4719 ¥ EE(Uniform Distribution) [100,1201, [100,
200}, [100,3001, [100,500]2 Ztzt 20%, 100%, 2009,
400%0°) sl@slc edge BlE WA o-gdth el
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82 SPAH® Aol g edge HIE 239 o
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- HEE 45S AFET 99 B4 fEH= A
g FA4o] T A lﬂ =g 188 W, MDE
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5.3 HE level 9 A&k

o] HeMe o8 A leveld) HiTi @it
SPAH (%, MAS} MD)9) A%l tiste] ojHe o3k

& FEAS B3 2yt o)F ste] 4 level
1 MEOg=ZEe 598 AgoaHE ME T level
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AT}, olHY AL LHEtA B o) CCAM YL By
% HA7AEZ(Single Pair Shortest Path)Al2be] =
L/O "85 2o]7] 98] Yo HiTi 22s &8
Aog Agshed AFgsivin Aok

Mo r|r
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Iﬂ%

13]75?
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HAg 2= do) ey o] 26 A

/* Agsume we have a level & HiTi graph defined on a level & + 1 subgraph tree ST; */

. Let IF be & set of edges of G(V, E) whose costs are updated.

. U can be represented a5 UL UUL U U2 U--- UTUS where
U containk the updated edges in U}, §G2,
U} contany the updated edges in U2 B;,
U5 contany the updated edges in U, 2 B2, .
UE containg the updated edges in UhlB

. identily the level 1 subgraphs whose edges are in U) and let | = 1.

. Recompute the level | within edge sety of those identified level | subgraphs.

. Let X contain the level { aubgraphs whose within edge sets are updated by the recom-
putation.

. Let ¥ contain the level { subgraphs whose between edge sets include the edges in Ub.

. Por each level I + 1 subgraph SG1 in 5% (X UY), recompute the level § +1 within
edge set Sy (SGH) by using Saw (So(SGH)).

. Let I =1+ 1. IfI < & then goto stap 4. Otherwise stop.
/* When | = ¥, the recomputation of level k+1 within cdge sets is not mecessary since
the within and between edge sets of a level k + 1 subgraph (i.e., the root node of §T)
are alwaye ormpty. */

©

o e

e

2

% 10 Level k& HITi 2 ZE 98 A &

ok 9 (locally) 0.2 w8 A4rE 7] g_oﬂ 7} s,
S#EE, edge Hlgo] WE ), B
109] step 7oA Kol Az go Hﬁ] Ao ggﬂ
within edge ATE2 =)otk peol We = o #

Az B4 e, 548 AFE westE 24
FES AL Level & HiTi Z#iExolN  Uce

¥ W2 BAET AUE lvel 1 AuIdEE )

b walE u), gyl olEA Hex ] 93, 64
el level 1, 16789 level 2, 4749} level 391 AH 1)
ZZo] 1000071 MR AR agE GUol
Helg ot 74 s kAL % 29 118 level 1, 2, 390
HiTi 29 ZE Oig A4 858 nojzch
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400000
200000

Level 1 HiTi ©—
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number of level 1 subgraphs updated

a9 11 Level 1, 2, 3 HiTi 2= E9] 784l #1&

o] el M level 13 291 HiTi 1e)328) Al Hlg-

& WEE level 19 ARIHZEL A4 =719 A
7%«} ABHoR 7RI JEe & 5 Atk 2,
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aYEARE d¥AHeR FUleHrL 1709 MR
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3 Z2Yd tS A level®] within edge AT &3

A 54 A= o] A Het 441

A7) wjitoltt, AxAez A HlLe A% U=

NE B9 level?] within edge RIEC] AALtel
2% O o2 A% level within edge BFES 7}
2 o ot} 9o} e AgL THAAA level 2
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