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Abstract

The quickest path problem is one of the important things for quality of services
in communication networks. It is to find a path to send a given amount of data
from the source to the sink with minimum transmission time, where the
transmission time is dependent on both the capacities and the traversal times of
the arcs in the network. This is found under the networks that the capacity and
the lead time of each ring are predetermined. It is general to solve the quickest
path problem using shortest path algorithms. The relevant algorithms proposed till
now are based on the capacity of rings in distributed environments.

When the configuration of networks is changed, there can be two approaches to
find the quickest paths. The one is to find new quickest paths, and the other is to
update the current quickest paths. As one of the algorithms for the latter, the
distributed quickest path update algorithm was proposed.

This paper aims to propose the distributed algorithm applicable to find the
quickest path, when the configuration of networks is changed, using the quickest
path tree update algorithm, and to verify its possibility of application by analyzing
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the transmission amount of data from one node to another from the theoretical
point of view.

1. A&

T

HEYZd e SA EF FoF A9 JyEA Hd AL B2 EA
(quickest path problem)7} AtHChen, 1993]. ©] A& WEHZY &3H A$ Az
o] AHNAE AL, dAFY HoEHE HA A$ APer B £ JE F2E F
= ¢gxgFoln.

gty oz HY AN A2 EAe H9 FZ FAl(shortest path problem)& ©]&
s14 #l”ds 3 UvHHung and Chen, 1991]. M2 o & o zZ &3] disir YA
& oA Yute g FAHE RE VEYIE AT W, o] F AF A
g 71Fo HG ARE F 0T BEE F AF AT ALVl HE HEI}
Hg A A2olud. ol MIE HLIH HY A F2E FIE ¢ungFo
At HAHL, 2, 3). o) F B dudEFAAE Yo £H¥L VIFoz Hd A=
EE FAstT Uk

Y. Chen and Y. Chin& A s, tAtele]l A A2E 27 98 0(m? + mnlogn)
2313 ¢ndEFE AgsHensi[Chen and Chin, 1990], Y. Hung and G. Chen® &
E JAE Aol HY AZE 2] 9% O(mn?) LYZL AAST o8 HE
714 wAz] A 2o AL B4 duES AUEAHChen and Hung, 1994].
JB. Rosen and GL. Xuet F<ote] 43 Ag 1se ¢nzdFE Agsdey
[Rosen and Xue, 1991), o} &2 A AZ ZAE T3 71y o] 2= g
&g A¢HslZIE 3 tHRosen et al, 1991]. FEFE T2 oln FA=H Y& G
AZ EA UEHAY FAgo] M d, 7|E HG H2 EFE o]&ddq M2
¢ AW AZE 78 F U= A9 A2 E7 B ¢318SL AASIYTEEBFE
9], 1991]. D.A. Dunn et al.& k7§e Hd Z 2o digh ¥la ¢ UEHA Fu|9 B
TFE 9% g 2 FLHY BE 2udEHL ALsgoe™[Dunn et al, 1994],
AV. Goldberg® 9 Z=2 ZAE A 2AH dngdFE AL A HGoldberg,
1995]. T. Shibuya et al.& 4 A 3] g F2 & 27| A& JdFAF 71HE &8
3 dueZEL AQEtg ovi[Shibuya et al, 1995), E. Rupperts= 7} X & 243 7}
2ol W] afmeA FHFE Aleldl SAEE kY HD HEZE FolE ¥HE
g8 F-E Al <ts A Ruppert, 1997].

B =RdMe Jd A2 FIAA Qe AP EHIY YAte) ¥ o
9 Z2 EFE AL N2 FAE Aol ofYx:, on FAHY JE AW FE E
P& o]8dto AMZL P F2E 2 5 AL VIS P A2 EF A 2ag
FOREFESY, 199118 MAg BAF dugdFS AUdstn ole HE EAHE B4
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AEF BA4E F3t9 &Qste v 2 o)

2. MEHZ A9

E =39 2udEFE At ded 8% HEYA gy g9 A g
t}.

- EYZY F4 vEeEe SRR &3, T2 A2 Atoje] AL HE viA=

e AR 9 wvto g PR

- TRAAV AY3te TP FAsn

- dagEe] Ay Fo TaAA 2 P uF}S WA g

YEYI N 471419 A4 8428 ¥I¥3ls N=(V, A, ¢, D)oz Hogdt o
714 Ve MEAZ oA T2 AE 9udn, Ae T4 39 Jge
2N, M2 g8 T2 A2 &AM wE A FE Fodd. dE 5o, (u, )€
Fe (v, weAd A, Z2AA y,v Aoldle FWY Tl 7t T4 Ho
EAF "5 HEYAY B TG T4 AG Aol LA AR FA
ok, ce Fo £%2 Yguled, oRE 199 A 2 HE& T 2d $ 3l
= FHd9 diolg dolth. F, c(u, v)v H (v, v)€AY &%FE& Yedd E&, /&
Heol AE AIZFE FEAFeW, 1 Hel diojEE B W "ag AFE Jepdch
Z, Hu, v)e 3 (4, )A2 A% NS el

T3, MENZY T2 AFE x, Fo FE eE YEAT A HdEH
2 d3ElF AFRREH FEY W 74 T2 A2 AtoloA nE@dEHE HAAY F F
2 JErdT

3. 3¢ A= Ef AA <ugs

31 3¢l
B e e Aol Wad /BAA 54 2 Jbge e 2o, 2, 7).
(A9 1] P=(u, 4, ....., w)E (u,— )9 ARE iz, Pel WEAR
3 g3 42

/(P)= zl/(u,',u,‘+1) (3-1)
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c(P)= minc(u;, u;+) (3-2)

1<5i<k-1
2 Ao,
olo] wat, dAF 52 HOHE u AN », 2 BEUE Ho BLF AFA
+ HP, 0 e 2ol Hydr

t(P, 8) = I(P)+ 8/c(P) (3-3)

(4 2] MEAZ No| thatal, No| EAsts Z2H2E 22 5,37 € o, s
A t= AWF 59 HolHE BuE AEAN F Y FE A2s) A
Azt Azolth AW AR F2e gwmos B4 Ay 2@ 1 F o
oo S8 QP(s, £, 6, N)o2 EAST, o8 AEARE QT(s, .6, N)
3 s,

QT (s, t,0, N) = t(QP(s, t,6,N),8)
=min{ #{(P, 8) | P NollX9 s—¢t A=}

(3-4)

o] AgYsgrt.
(A9 3] Fdt A A2 EAE O3 zo] Fod
(7] ZH) 999 YEHNI NolX, No| EAstes ZEA2 5,¢, 282
A4 dioly A$F dv XA H U
(9] Ael) 4o EYZ N oA, sellM 2 69 dHolHE BulE
HG AT B2 QP(s, t, 6, N)E €2 9o
A=, QP(s, t,0, N)=(G=u;, uy, ....., uy=t) ¥4 4 =
ZA2 w7 w2 ASSE IS ¢ F Ak
(71381 G AB A2 EAld oM, T2AA sqre] 7] T2 AAVF €,
o] 7tHL = HAME T3 37 HF Held. deojo T2 hxo RE
Afoel 27 T2 AL He AFAE B4 HEF 0(o), o183 AT A
+F 0(n)E B34 so dnyFY AMFE ¢HFE Aol 753 HE
o B =&dA A¢tdte dnFY ASLFY ¢Ade 9% vx @
=t}

32 Hd A2 EF A dudgF
Ad B27F FHA Ye FHA MEHIY FAo] ¥ o, D F=2 EA:
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tee Aeis go] Ag AR =7 EA FAYFE ol§a HAse Aol HF

A=

(48 1] P& MEYZ N(g),j=12,......7 Aol A A2 s—tek 33,
/(P/)+a/c(1>1)=lgxgip{/(£’,-) = g/c(p;)} &% [Rosen et al, 1991],
2 oasle doletg Rule YEHZ NelA A& A7 s—t7F ¥

(F%] p2 o999 dHolgE Ut WENI NAA HE Az s—te} Y,
c(B)=cjo,ioe{1,2,....., 7}l =5, [ 1] A ps} p;, = M
93 Nc(p)dAe Aw A=z s—t7h Aok 28422, [(p,) = (D),
c(pp)zc(p)el Bastm, t(o, pi) < t(o, p)ol AT HA o) &,
t(a, p) < t(o, pjp)ol = t(o, p) <t(o, p)ol AE3ch maA, p<
srdlel HolHE Ru: YEYZ NN H& F2 s—t7F 9ok

("2 2] YEYZ N9 s—t 242 F A Aol Hxd A 9 3svE SLP
(s, t, N)& &z, EQZ N& FAsc 2 I M2 0e £FE ¢«
0 ¢...Kc,oldn & |, & (I<i<r)dl et N;=(V, A;, ¢, D)
oty dA7I A;={(u, v)€A| c(u, v)=c;}el B85 F, N;e NeIA
gao] ¢, P AL AAF Rolth 2,

I(SLP(s, t,N)) = min{/(P) | Pt Nelxsls—t 32} (3-5)
ol [ 11d o 4R,

QT(s, t, 0, N)=min{¢t(SLP(s, t,N;),0)} (3-6)

1<€isr

o] A7t
(29] (B9 119 4@33) 2 (39 219 HGel o

QT (s, ¢, 8, N) = t(QP(s, t,8,N), d)

= min{#(P, 8) | P& NoMels—t B2}
o] Hu, &7q [He 1]& HE3

= I(P,)+ 8/c(p:)

= min{/(p;)=0/c(p;)}

1<i<r
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= min{¢t(SLP (s, t,N;), 0)}°] A @&}

l<i<r

ojRE ol £33l HY HE FAE USF 2ol E F At F i(1<i<r)dl o
3led N;9] A% N 7HEX(weight)2 U3 Foz2x, s& FHoz 3= Ad
Az Eg ST,;& F&1, & ST, ddd s—¢ FE2 P;o AF AL 734
oloj A, P(l<i<r)FA A% A& HA2 & s—t F2E G AN B2
2 Fggo =N 7HEsint

olg} Z& WYL F3d, rA9 HG F=2 EE U= FEo ¢uIdF
9] A& AAZL oL o] LR A A=z EY F
A o] &Y. Hung & G. Chen, 1991]. o]} Zo], Z+ Hoh 73 EFE Uy
AXE HEE QAT 4zt A9 Az EFst A ASA &8 A, = FF
MEEH 4 Hd ZAZ Ed o2& Agst A ¥EA ¥ S, Y FE =
7B &3aYEFE ol A &HOTGIBEFDE 4, 1991]. oA UEHAN A
HH(EZ 2 A2 o 71 2 AA) 7 A A, 2 d3tE WEE g A= Ed
of ¥t gto 2 EE e drnFoith ojRL EFE AE TASE Rol
olyi, ol TAHY Y G FE EJE ojlfFoeM Y AE EF A B
AE A8 5 Ut

(-

oX.
m,.
u E
ulN
to
<
12}
)

4. Hg F= EF A dagFS ol&F 4 dugE

4.1 AgE 41 F
Hd 22 Eg Hi YduYPEFE o) 8do g FE EAE Folde BN ¢ud

ZFL g9 3gAE FAHT

(24 1] Mol g3t s& AAeZ 3te g 42 Eg ST, & 7.

(@4 2] i(1<i<r—1)° d3td &g 8% g 3= E3 3N ¢2lhF
& o] 88 ST, & AR ST, & F@ch o] W, Ny, & NoA &%
o] C;d & AAF Aolmg Hg A= EF 74 ¢udEFL o)&@#
STiv ol QAM, s—¢t AE P ol Wekd t(Piyy, 8) = I(P;y;)+8/
c(Pit1)& THHERZA L o AR EF, B2 Py ol et 4 =
2A2E ST o AdA F4e) HE A2E 798

(24 3] Z2AAM 71 7198z Jde BE HP;,0) (1Si<7r) FAAM HaXE
Bosle i Taoq j2 @t 2 ¥ Piol YgdE 7 T2 26 g3
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P7t A9 AN s—t AEY RS WG nAGoeg, 7 BE Z2A
28 AAAI7] A% WAAE Rd,

12 B4 25T BA

(42 3] 2% A A2 2AE Zolas wnIe B4 Asae O mbe+
re)olth, 7ol n, et WENINA 247 Z2Ax +9 P9 A5
Gehin r& 829 ERE Undt 29, 0<i<r—19 gatd ST,
S ST ol UM 2 Z2AMe FPoTRE Az wsF HUAE
d;& A (dpol daiXe STol YA & Tz FHAAM Ag
é‘tﬂi}i iﬂ‘), D= d0+d1+ S d,-1°]‘:]'.

[29] AW F2 =9 74 ¢nD2Y BN 453 O ndee + )olv, Ay
Az 29 B4 2ndEd A As%e OV nde + e)olth(d: 7 ==
Az AN AFe AW A EelN BPoZREe] AY waFel 3
o) RBFIK S, 1901].
o2RE, 2 EAZNAY ZZAA o BE FA A5FS O(noZ
Gee, eneld WA BN A8%e 5 00 adie + o))tk D= dy+
d1+...+d7—-1°]t4, o] gl'% d():dl: - =d7—1=D/7’%]_ lfﬂ 35“7]’
o,

S oW ndie + o) = 0L (ndie + &)

< O( Z}L (V nDe + e)) (4-1)
= OV mDe + re)
o] AYgct.
B =BoA AgtstE duIdEL D= 00(m/e)d AL 71E9 HY A2 Ed
Ao dndErd 54 A% YoM fgo Foh

T3, Y3 4% HUXNE AFEZ ¥ 9, ¢ A2 EF AU g2y ¥4 A
TFL

O(min(V¥ nde, d"*n*"*) + ¢) (4-2)

o]l =y, Y AF AN HUYXE AFZ ¥ o, Adse ¢nAF T AFFS
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O(min(V mDe, r** D3 n*®) + re) (4-3)

o] &,
Yo A$ Algte] AFY A 4 4,(0<i<r—1)& o}Fg A= O(n)elth. 2

A28 D=0(m) <0(m’/e)d A$rr) Yo A% Aty HUAs F&Y o,
Asts dnEe BA A5 Fd Fad [2 6 8l AAHE dnERT; B
o] #}.

5. 2&

B =fdAes A F27 FHA de HEHIAAM, HENTY Yo 25 W
g dd Hd F2E A2 Fie Rl kY, 7|ESY HE B2 EYE WAFe=E
A A2E HD F2E E8HE & & Ye ¢nIYFE AddHALer, o9 A
£ 7HeAdE B AEF E4E T olE8F #HAAM UG o duIFE
A&y, MEHAY Yo 27 W3 A5 71E9 HFE F=2 EYE o8P
24 od e ZaAAA g RE ZZA2RS HY A H2E FIE A
o] Zheatth. tiul, MAY} H ARE Z T ALV ¢A 3] A e vAA F
7t O(n?) Bd F71ste @do] Aok

FFAE WA & F2E F e W, T AEZF AF, o)¥H AT AF
Fr 1@ FuFol MNTHojop Apa AZtEn, olEd iy ol&FH H= ¥
olie 4%3 Ar £4& T AEHE ATE FHHF ¥ Aot EF, JF
@ A A2 Ege A FAE neE AS 997 ddx A
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