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-Determining the Most Vital Arcs in the Weighted
Network of GIS- |
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- Abstract

The purpose of this paper is to develop an efficient algorithm for determining the most
vital arcs in a weighted network and implement its algorithm on GIS. The most vital arcs
in a weighted network of GIS is that arc whose removal from the network results in the
greatest increase in shortest distance between two specified nodes. These studies. are well
applied to a situation where a logistics or communications network is broken by
unexpected accidents. Because a user of the system wants to know which arcs are most
vital to him so that he can reinforce them against unexpected accidents. We first present
an algorithm to find the most vital arcs in a weighted network then show that how its
algorithm can be applied to a geo-spatial network.

1. 4 &

HAAZEAE ST F 1y Aol ZF2 FoA 71 &S Zol FZE e A
tH1l. o] o Fol HEHIANAN T Z7 AAHY AAD o) " HaBF2e ZHolrt
‘501“—1_* FE YA FE FE Ut o]l A & 39 AA=Z HIAY MF A EojvE %
2 = BEAE FIdF2EA N MVAMost Vital Arc)E &= A8 §v41,2,34,7.8]
olgid AFE He FF dlo A& AL olHAFTY FFolv ERF Ere FAUENZAAA
oj &7} 7HF AHAHAA Lol Ao FHLZRE RFAE A AY o= TE HIA
Aok FHe] ANxele] FEAHL /1 A AANE & AR A e EAd F HEE
4 AtH24,7). @WEbA AFARSY ZE ol AHAS e A A BA 2 (Geographic
Information System; GIS)olA el 2%, AdS-caAY, A7 59 44 L #, FAE B
F2Y EFAAMY Fuisd B, A9, £ VEYZ 5 39 AAZ A JEAZY
Ao AgHoez FFg vAe FLY UEHIEA L8 F A

olo] th3d VFE Corley & Shal4]l, Malik[7], Bar-Noy[3] S 9&lx F3 =t} Corley
& Shal4]x kA A G732 (k shortest path)E T3 HPE o839, ADFZEANA 1
Me] MVAUQ-MVA)E ZE i3, ke MVA 3= EAK-MVA)Y g 22248 AA
sttt Malik $[7]2 Corley & Sha®] W& /NAste T4 UEHINA 1-MVAE -

o £E& 1979E AFUYE FEATEAM o5t ATHAS
« AFUGT A F 4B



182 35 d GIS9 7t EH N MVAE 233 e WY

e #YE AL, k-MVA9 disix e k/le] MVAE e vgitde A Exx
(nonpolynomial time complexity)& 7}A& siHE& AAedct. 28 o] A= Bar-Noy 5
[3]o1 ol EE 4 AT vEZE AA Hol Ao FIF e Aoz #AFHN[AR, kA
MVAE #+& #4017} NP-hardg ol 4= Ut

(B 1] ASB2EA MVAd dg d7d%

1-MVA k-MVA
3 37 2 (k-shortest path) 3§y &
AL&3 1-MVAo]l  oig s AA
(Corley % [4))
1-MVA°l g &E&FH sHAA | k-MVAE ZE A9 &g AA
(Malik % [7]) (Malik % [7])
Malik F[7]e] A|AIZ si el wray A
Al. k-MVAE ZAse ‘A%
NP-hard € 2 Y.(Bar-Noy % [3])

k-MVAdl o3k FEZZA  AA
(Corley 5 [4D)

Malik E[7]e] AAE 1-MVAS o
sy o] uhal AlAl(Bar-Noy % [3])

wetA HGAHZEANA 1-MVAE e FA dd gL dA7tA Corley & Sha’t A
ANE o] fAE Py, k-MVAE Ze A ddA = Corley & Sha’l AAE F&
Z733 k-MVAE #& FA7F NP-hard e AMdRHe] A A H o] fle AAelg).

et B dFoME Corley & Shazt AlAR By 2o o] §&34Q WHos HuF2
Al MVAE e s /MEgstz, ol AA GISY 7FUEYZNA FH&) 2zt
o},

%

1

r

2. MVAS] §4 2 sy

B QA7 g2 HuAREA G=(N,A)E 9 $7 INl=n 132, 59 47 |Al=m
A $4% tFUEN I, ¢,k B (i, )eAY Bol, s t= G=(N,A)Y ALY 2
34¢ vebdch

o

o
)

™ %
o

AR 71E9 dTolA #wEA MVAY did 423 Fes 2 A, HdF=27 fdd 3
I HEA HAGHRE T TE TAAH MVAZE EAsA Ao 23y HEA4=27)
3tA @I, HDBEE Abolel FRE TVt EAY BS HAAFEEA S MVAE /3
Z Atolelq EAGT. WA HEARE Aol FRdE I7F EAEA @S Aol o
g 5o AAE THME HDHA2E s8] FA Rte B4 ABH, o B FAA
YEAIE FA3}= ZE E7F MVAZE €471

o e 2

i o P

919] MVA©l tid A2 utet Zalol nig FaRzs =3
@3 MVAS ZAY 4 gou Fagzrt 498 Asols ARz g TS
37 MVAZF 2 § AdeXg s s 28 Holol @t AL ¢ 4
£ olgld MVAS] tid AEL ol&std 71&2wy uo & o AA
=t

1o
3

4
2
I A

WA AV AL A FolA G=(N, Aol A& solH ¢ 7=l AvFRs FoiA
g Folxd AU B WPUEAAS A e gk

o



TRESHRGE £ 204€ F 4S8 1998%F 247 183

[Hel 1] 998 FE PySAd) t@ 9g HEAD G =(NA)
G=(N, Al qe st 79 Aele) 32 P,SA% FoiA U& W FJ2 Pyl ue
BE MEQE G =(NA)E et 2ol g

G=(N,A) 499 2 (a,0)7t B2 Pyl $8 B G=(N,A)Y A'els % (a,b)
HAlol & (8,a) 8 FAANNG o] f HPFse 39 Ho] QT cu=—CuE FET

(e 1] 938 G=(N A U FIAZ P/t F4AE old tiy W vEHz
G=(NAYE THZ + Y. o) dFNEHZ C=(NANAA A9 &3& 3 =8
(boa)@z 82 2dL Gy’ =(N,A\{(b,a)}) oA vt gollA &85 ot p2 S0l
t ¥e32g Phdn A £¢ oy bdAM AFHA F (5,08 T M3 S 2
ol9] F(cycle)s % (b, a)9 HA2HUYE F(minimum directed cycle)olet 31, B2 7
#712 sta W 3 (ba)eA'd HAANT & 8 = (5,0} UPY 7t €t oldd
HAg o3l HPGAR 3l & 37 AAE o FdAR Holrt gty vﬂﬂ*‘ﬂ
Axg & Ak

At A2 & 37t AAHE st 2 7bE Agzole 23 AzE A Hed
o] Wl 3 Fo AMAR Ute] T 93 HAF 2 HoloA FoX HuH R Holsgte
AE #9348 (distance of minimum reroute path)EtE 31 Th5-3 o] A} al

(Mol 2] HBP2E FHSE & (i) Pyl Ha93AY

3 (i, H9 A2AANE 742 HVRFR PR 999 @ B (i) ePE AHIA
4R st st AvAoldd Fold HUFEe Lol @ o2 AW, o] W e
o (i) P8 ARAA G2 sotm e A2 EARA ¥ FLAE 5 (4, ) A
298 ADE PRUR BFU

AreEAdE gty AuAzd S & 37 AAY o Az Ho|st dnp
NAHEANE Ut AEZ A" § ok olAF & (4,) €49 A2 AdE HARE
P,CAd A G =(NA)NA & (Do =&viriel i§ Zustd Edada jz go
o= A2 Pi % 5 (5,09 B o]&std AMNY 5 AUtk ole Gy =W,ANG, )} A
s A9l AvA2e Plegn & 9 5 (G, )9 H2508 8 gt {(G, 91U Pie 27)
2o o] whel HA$IAAYE HaA2 P,U GE B3 €& & At ZF, [F9 2194
A2 AAN & (4,)) €P,E AH3AA ¥ stz 7hE AvdoldM FAR HAuATe
Zolz W goldm  Adagenz,  soA  HuAze  AolE (P,
Gi =N, AG,INANM i 7R HdAZ Plol Zolg g PhHolstn veid 4
L3 AEE (U Py) —c; + LU PDHY - U(Py) = K P}) —c;7t Btk o] &L (j,)eAd 9 3
AR & 86i=(U,)UPE o Zold sigsel 2 (i) 49 Hzx$aAd: 34



184 4 54 GIS9 7tFUENANA MVAE ZA3e Y

G =(NA) ZAM H2/8F & 6ol Zojgt 2A 0. 4dA s—7A g HBA=7} &
A A4S, AFBAHSE FASE 2 T U AL /LT T dol7t AR € &7 MVATL
gt

olg AstE v Zoh

[ME 1] s—otARe ASA2 /U8 39, JLHRE o|FE & TN 29 HaF
W o) dolrt 7bg & &7 MVAZE €0

a8 APUEYANA &9 dolg I EAY B FIGFZEAE £71 A A
A4 B35 (complexity)’t & Dijkstra W& AHEE + ok 234 BE% 2 HAE o
23l JEYIE $45A 59 Dijkstra $ES A6 & JA o
A HgRzed U WG veEdIdMY AHdA SBe= HAUF(optimal spanning
tree)E MH3 o8 58 & 39 AYNE ¢j=cij+m—n 202 FARAYY. @, 1,
A" solA AR AR FolE Yehdda . W o]& 3 HDAH=R Ao
7} 2% 8189 £3Y UYEHNIE TFY F dod, dridA HDARE FE HEd
Dijkstra S8 & o] &% & UGBl o @ H2/HEF & 5o AN I 2o

(M7 2] 999 §203 3 59 Q29 virie] A7t ( node potential ) x;, VjeN 7t
Zol4 Q& AL Dy =22 ¢ (&, ¢ =cy+ m—m;, & (i,7) €8olvHll.

s—iHA AvA I fFUEA] g ASole st AGARE Aloldl FH3E FUH
Z2A3A G A4S Fhee 3V EASE A2 Yol EAsol @

AR, sot7hA e HABRAEE Aol FRIE B7F EXEA &€ BHolE HEARE 7
Hete RE 39 H293A7 02 BFol g drh webA o] Bede oHE T AA
2 SHME JUA2E T8 FA 2t A9 dZH, WEHIE FAHdE BE IV
MVAZ gtk 23y sot7hA e QB 2E Aold FHate T7t EAFE Bl A
28 FAse RE 39 HA$IAHY 00 obd &7t EAdte Bl HTH o] 39
AAE B34 ADA2E E8FE & A A& AxLAYs MY & 37 HGHRE
7t 2A sdFA 4o

olgl g Mol YAsted HFUEYIANA MVAE e AdYE Festd g 2o

Asy ( HEHREAAOM MVA 3= Y )
(2 1] 3SR ZEAE £
G=(N, A)°l H& s>t7hxlel HIAB2E T3 ol Pyota £
[EHA] 2] FBA=2 Pyl 98 G =(N,A)E b&3 2o 74T
Y & (4,)ePyold A"~ AGNUNG DL ci=—cy
[EHA] 31 G =(N, AN tE 59 AYE FAHEUT
(3-1) HGAZ Pyol 98 G =(N,A) AN FaAHUTFE Y437 e S8 &



TEQEEE F 214% £ 458 19984 2/ 185

28 BRI RENYAAY AuAEE Rt
(3-2) ZE vioe)] Y& @Y7t x,” ViEN & T8k
(3-3) G=(N,A)AN ¢ A2& treat gol £y,
ci =cijtmi—m, V(E,)EA, ol Wel me soA j7AAe HAdAze 4
olg eugg, :
B 41 G = (N, A)NA L(g)E AL
WY 5 (DA el (,)ePy W, & {(, DU Pl
HAGARE TSI JE EE T (i, P, Uil 3 (,)eA'2 HA25wE & g9
Zo] £(8)E T8, |
[EH 5] £(8,) 8 Az A

A2 & 8.9 HAUgH Yo 3 (q,b) & FHTL
(@.8) = (Gl JoT, 1@}, o= T 48
[E} 6] MVA 23
WY (§=0) oW MVAE 318 Ae =E 247 @t}
DY ((§ = o) oF o L FHAE 5 WEJF MVAZA "ok
B ( §#00lL g+ ) olH § HE ZE F (a,b) 7t MVATL Bk

3. A R GIS vIEg) 3949 4Y

sigel g olE &7 A [2¥ 115 Zo] mds7t 5ola 59 F7} 82 7HFUEY
3E 8 BA ’

(28 1] dA YEYA G=(N A)

BA Fold WEAZ dstd [27 219 2ol HEHRZ Py=P;=1{(1,2), (2,57t F
3} Aok A



186 4 3 4 GISel 7I3YEQ A MVAE AAs: By

(28 2l ENZ G=(N A Ud Je3 =

(@A 2]e1A ¢ HGF 2 W AFUENIE TS [29 3] o] €t

[2¥ 3] G=(N, Al dig RFUENI ¢ =(NA")

(27 318 G-DIA e52dole) 371 g WEAZ dB HUAZ AW ALsG A
A sdlH 7 sz s ARPEE R F olE olgstel [BAY (3-2% Zol Z o)
o FA7IE ToR (29 4sh o) et

(29 4] 7 vt o] AA7L



IRBEBLALE B 21€ F 458 1998F 27 187

[2A 319 (3-3)3} Zo] MBVEHN AL 52 Ag $39 [29 519 zo}.

[2" 5] G=(N, A9 29 AYE 4% 2

(@A 4)elM HEB2 Pyl g ABUENA ¢ =(N, AN A2 =99 521)H

G2l dal x| H2{KWF §& FIHA AF LCu)= 0, LCx)= 10 HH, o] B § = 10]
29

(28 71 20,2)Y AAE B8 LojAE S8R



188 A 5 GISel 7t E I MVAE AAste Y

(29 8] & (52)9 A2/ &

(2% 9) 3(25)9 AAZ S8 dojNE L33 =2
g 8 ;e ¥E I (257 MVAE ML)

olg1g H#AE GISHA TE37] A & AFolAE C Al Ut =2 YEHZ B
GISe AEE 883l MVAE ZA3 A

GIStE Aoz &z 7t5d BE Fde AEE F}¥ez £33 - A% -4N-23-24.
EIY F UEE HAY AFH =0, 2ZEd, MEH Ry 22 AHAYY
A2 Aogoh F AEE AN & AESF AFEHA g AFH 25t A4
g, 222 A B AYEE, FFRE T &= HEAAHoEH & £ vk B
FolMeE old BHANM FR7ED BUE GISY MEE 7148 GIS A& & UESF
Zg AAS Buz g}

N{ﬂ ofn
o o

oF

GIS7F =9 € #okg %3 As e o5 9 2o



TREEEEGR F 2% F 48 1998F 27 189

[# 2] GIS7t =€ £°F

2 oo | ~ i 4
Ageet  [ZEAY, AGAY, =AAY, HAAS AY, G2AY

Ad@e EoF |EXNALRE, 5 EH, FEALRY, 9@
DEEE  (&5UAY, AEA YA, HH Y4 A 0
‘ BRAAA BA, 8AALe #, 8FAA, TAEA A4 4
. ~_|na - <

Fugol (RO MR, AMEN, AR FY, Y7AY, #4AY
8 araaer B EAE LA, FEAF B A % oIF 242N, FA

COTNT A, 2uA Ray P 387 YAY, A TE

wggs&a ;g R geArE, 2F e L fdB, Fa AdE JZMi
AEAREE (AYE, 4F FAE, ZALE 59 AY
EZ JAZcl (A8 2 AZAY 29 EBF AN, AAES FHEN

BAEN AAATEA, A58 B 37
71 1318, 1%, REARE, AT L AGNFEY

glol EelM vehd viel go] GISE WEYA EAL 2= INAR A9 T B
2 EMe) ¢ 4% ETZ F LHA UvHel Yoz GIS AR 1UY Azt T
AR ARE FAHY IR AR &3E IAPL LFNE FHY 22 5 & U
BUn 2 2R T2 Z (M9 Fu 229 Fo] B¢ vgdtt M GIS AR E
ALgElE A AAdle] BEAE =83 YEYIATAZ TYAIY] dMME Y vide] ¥
8% AEUE YA et Jdd £33 w239 3 AY e under-path Y over—path
o g BAR o 4&e 2 & U] "R oo diF WG EAo] Wasts, GISA
IR 44 42€ 4 T translator7t ALY Wart ok '

E AP E sollA Al ASAZE 27 YA GISY AT Aol ALF s o 234
t8¢ vEhd $ A St mEA B ALER7E GISY AR HAYARE RS 9
FOE TR 2IALGA np$2E 2IYFoRH A= APEL AR 5 U oYy
GISe] =79 vENa HH3} Aloje] AEFHo|2E $8 2 Y MVAE HAe] vehyol
AA |t

GISY A& E Ag3le YEYIEAY e 2L o YEYIY & 5= GISY FFRAA
AMstg B Moz TAHYE £ AUk 2 olfE GIS A&7 7 A9 Hedo|zsE 2
o ARAZE FAH7] wFolth mAAANZ GISAE HAVAZo W MVAE GISol Azd
AYAA A9 o2 Mo os YelE § ok way ANA NEQIEAN s
dneZe ALAL ARAYS MEAIEA] 20 TA EaA FoHIL

ole) F YL C Aol digh =2 HEYIGA §F FAHLY ADRRE 2ol 3o
FEANF RE YERd ot o] AP HEIY PC(133MHz)ol A PC arc/info version 2.1& A}
43t FARADT. MVA HZHE Ao o8 H3 7837 984 9oz Ygne
9, dFHe F AQFTY ASGF 2+ 2731100 HE AAHAG



190 354 GISY 73U EH I MVAE FAAse ¥4

(229 10] GISY ==2vEH= (29 11] §3¢ F M AFH= MVA

4. 3 &

€ 279 534 Corley & Shavlt AAE WY 2o o 23 HPos YRR EA
oM MVAE e siy& /NEsta, o 4AA GISY 71F vHEHIdA FH}E Heoldh

Z1€9 AT o HEAZ AYPe AR FEE o9 LEXRTLE YdEo A
e EYH wEo, & dydMe MENIZY BRE & 1A g g9 & HaH
2E T3 HIB 2o U B MEHIZE 743 MVAE HAE & e PEe AN
Rt :

HA Joje] HDRBZ Aol iy WP VEYIE HYstn, o] M YEYIN Ha
T8 §& T3 o o A ALAHE A HE VEAIE v Holo £H UEY
A2 39 ZHolg A% AX MVAEASL AL EIAEE 7€ BEgd d3Es 4ye
Al A& ATt

FF o)d¥ A7 kY MVAE ZASe EAZ &35ojof & Rolt},

FLEH

[1] Ahuja RK, TL. Magnanti and J.B. Orlin, Network Flows :@: Theory, Algorithm and
Application, Prentice-Hall, 1993

[2] Ball M.O., B.L. Golden and R.V. Vohra, Finding the most vital arcs in a network, OR
Letters Vol.8, pp 73-76, 1989

[3] Bar-Noy A., S. Khuller and B. Schieber, The complexity of finding most vital arcs and
nodes, Univ. Of Mayland Technical Reports CS-TR-3539, http : // www.cs.umd.edu /
TRs / TR-no-abs.html

(4] Corley Jr. H. W. and D.Y. Sha, Most vital links and nodes in weighted networks, OR
Letters Vol.l No.4, pp 157-160, 1982



THEERE% B 214 5 458 19085 28 191

[5] Hamacher HW., A Note on K best network flows, Annals of Operations Research 57
pp 65 - 72, 1995

[6] Jeffrey Star and John Estes, Geographic Information Systems : An introduction,
Prentice-Hall, 1990

[7) Malik K., AK. Mittal and S.K. Gupta, The k most vital arcs in the shortest path
problem, OR Letters Vol8, pp223-227, 1989

[8] Murty K.G., Networking Programming, Prentice-Hall, 1992

[9] Samet H., The design and analysis of spatial data structures, Addison Wesley, 1989



