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ABSTRACT

In this paper a scalable QoS routing scheme for distributed multimedia applications in a hierarchical wide area
network is proposed. The problem of QoS routing is formulated as a multicriteria shortest path problem, known
as NP-complete. The proposed hierarchical routing scheme consists of two phases. In Phase I, every border node
periodically pre-computes the QoS distance for the paths between every pair of border nodes in any level of
domain hierarchy. This phase is independet of the QoS request from an application. In Phase I, distributed
graph construction algorithm is performed to model the network as a graph by retrieving pre-computed QoS
distances. The graph is constructed by the on-demand algorithm and contains a part of the network topology
which is completely neglected or partially considered by existing routing schemes, thus maintaining more
accurate topology information. By using retrieval approach rather than advertising one, no global QoS state
information exchange among nodes is needed. In this Phase, distributed partition algorithm for QoS routing

problem is also performed, thus eliminating virtual links on the hierarchically complete path.
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24k deleic]e]  S-${(distributed multimedia
applicatiommlt} 875 okt BAje] glow,
Ak deuit]e] Azgle w7l oldA
(heterogeneous) #7golng, FAlRE ciofqt EA
9] AJu]A(Quality of Service)E AJEE Fst <l
th $8o] 873 AulAE 2 Je SHeE &
Hels A% oot 589 copde AYsEA
Faches whde] olrk $-8o] avdle ookt
QoSE Al $lste] Al oelzix] 7ol

S7=I) 2.9.9 ekl QoS 8-HQoS
requirements) & HAFEL7] $13led, 7]Eq *é:‘ég o
A2 QoS o FFL vIAA] doA A2 &6
o] 275 UEY F e FEY RS 77! 7%
2E wAseiof g oo 2 A
El(QoS routing)ol2}t gkch

Aoz $1gr B ExpEA (blocking
statlsthS)Oﬂ ZAsl] Tyl EAW QoS AlEE

€ QoS =

223y ARS APsis waloz A QoS A
BARE e Agzsr] e X94ql QoS

<8 whle Aok o3, 16], 7|Ed] Alokd
ure QoS 2heE HMlo|A e EAlube] 7last
7} (available resource) HRE- ulgko g -$-8-oj|A]
a7sH: QoS [74FE wESH: QoS ARE
Asteln ZAgAre] ANE @]Qkﬂb 7Zlo] adnbde]
{12, 13, 17]. ©e}4 QoS =h$El AL ==
74y cfed Zlink residual bandw1dth) Zo) 2heH
24 7R R Re] AEAde UAe fEol] gk
g AR 7R ARE A Stk Al
el zh eheElz) zRale] 29l A A RE Al
&3le] FrlHoR FA|(advertise)dla, o] HRE
7 2198 melglo @ flood dgich et A1

wf$- FHo® Wty YrAde] Ade
2 Qlaled, A 7hg AR 1E 29E]So] I
A fAdeRs A A9l Eobsdit 2R
gk ARIAE- A Rel g QoS 2heHle] e &
Aalr] $g ATE lgovd, 8, 14], AT
TE7t ARSE olefdt FAHE oS Alsd A
ofck, mat 2heel Aqufell o] HIHFE 7184 A
Bagto g qlale] 2h9elel A ¥AE Zd
317 "ok 22, QoS Aew EEE B3t
=7} 2h$¥ wiale] #AFAl(scalalble)-g &£ 4]
1= qhEloh

dr o

w=i/E ks 2%A QoS #d WA
/‘J-EH A A A Al(link-state  full view) HFAlL
rego]l A FAlel o HRE 7=

Al ARl 2t A A A
sHA) ARgshEHA] 282 QoS &S wE
0S A2E gFA(on-demand)ufc} AlAls=
Ppseil e L ST o )
32 Al diatee] 7‘45‘- & 8=
el 40 Sick b el e
oA Fel7 el A ol ek
1o AHgEbA s, ok mulle Rl
xea zegldxe #HERE s B E(vinwal
link) 2 E3sled wE AR Feeolels T
sk Ak 2 AR AREES U 9l
FAAdel felg AEE 7ok oled mele] A
9ol ke molEd w=eiFdd k= F
gl wojjel $Fe] A& AlA(hierarchical view)
2 ZpeL, 2, 10, 21]

AR EAlellae A =(source node)e}
A (destination node)7} 722 %ol W gle
2. st woell 2}-$El(intra-domain routing)

B8 Az o8 =Rl UE AT 98 =
‘217,} 2}-9-l(inter-domain  routing) = X]g1sle]o}
FAkEe} kst A2 o Ev]le
o}2 AS T ERE] $£Aker Edqle] o)
= Z}9-E(egress router)7}3] 2] 7g§, ZLEE 7k
AR, FAkE B9 Holew eRpERRE S
Axzziale] ARR U x\l‘:}- weka] glejel
[l AlZA FAIHY Zdddlel] Exfshz Ex
& asrlg Agsk ke moll el =
ol % E=)s(intra traffic), AR EZRE P}
= EE7xe Eddel AE a}]ﬁl(outgomg
traffic), Sol9E vFE|BRNE Al-Trlr]e] E
#Z=al 2] EFH(incoming traffic)3} u}—?{i%
7re} Edi=iql 3t =)= (transit traffic)ye] EA)3}
A ek

AZA FAlelA e PAlrse}l pAlvEr)
2 Zuljelel] EAFkcbd, QoS #h-Eelld A3
QoS #H2E  A=d 21473 Z(hierarchically
complete path)ete= FAWE A =H[21], 4
2afel F7hmrl Zpzbell digh g AR= o
A A ade] s el =& dSw o]
2l A4 QoS ARE A EAalde] digh &)
o] AR TAEl] dAHez AARE HRol|ch
wehd] AZAFY] F7F koo AR "*H?’]' =
2+ )X~ E(admission test)E 3Flojof sk, AM=l¥l
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QoS 7EAe) k= ¥ B3 AE dokhs A
odjo} (resource reservation)e] Fa3lrlk Exluke]
Age] Brew WastnE Fhedie

24 S45p) 22 4 es, 591 A2H 34
o) Ae aid APedel =k old@ A%
PNNIA12] crankback 2}$-8[2117 7o), HR9)
g8 Zo AAFIIA] thA] ARAA 0] o]Foix|
o AA-YATRe] XdE F 9k

Al FHEA R BAFIIZE BAlEe] Wl o
slo] AdiRez ZcbH QoS el Aol F
#3) Wolaltt zeht ANFE UE ko
floodS 3 B4l 2 AAR] Hedo] UFE & Ao
t} [6). £ =iolA AgkRe FArledt 294
QoS 2$8 Fxelde AL FHEARE WA
(precomputation)d}e] HQA| F3|(retrieval) =
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ghg-go] AlbEgi et [18, 19], & =Folxe 3
& 2GS 913 QoS F R distanced A4ksle]
AFshs 98g 3¢, AR AHEbE H29
QoS distance Zruhg AAFIC} ZF 2944 2Rl
—x-%‘ Phase [olA+ 5A -85t #AAIge] =

~2o) ool Solo AALS ke 7

Axe Aol wolels Agshe FosdEe 9
3} 29 QoS distance 3t AH7|H o AAals}
of djo]ejuo] 2ol HAFIcE

Phase T+ 28049 Qo] k& Alsgs:
AR ohA] F ostepl B o] ZPHck Step 1
e ASA AR Akl HRF = 7
graloich Aok dae|E 4l
roRRE palemuske] Adxmeciie] Ak
E3o]| Algfsle HAF el oR AR 94x7
2o) BHAE Belslr] 9Jsled 7)o Ak
d uRAEe oS zH4E AR FAIS ykedE)
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<l QoS 298 FAZE sck o]elzde] shpe] A
A QoS 2HH A ZAAE ARAY 4 /g
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0. A%3 $4%9 24 9 a3z a4 39

2 ERold LeF AZA FA% hierarchical
network)s] B9} odzelze Eash] fskd 4
o 2o Ak 9§ QoS SetlE Aake Wela
o5, 9}

aeEd AFA AT (N A) = xc
A N I f3=H3 AY A E FAES slok
o] A¥EL mrlddomain)ojehe dYoz B3t
glo] glen, ol Ewigle] AZHoR FA)3)E
o] glrh. E=WIES Bt S4ElE AlolEYe)
% A(gateway link)ol] )3l =2 oiZ= o] glck
=]l AZFFEE PP AR A=

Definition 1.1 Ed|el HSZSF=(Domain

Hierarchy)

5 (levedl, D1, E0gls 7} Zgsl= 4
F =1 =¥9] Frelch Ha 5] =S
FRE AR e, A 5] =Rl & 5
F 19 ErdE g 7R et FHaass
Lelzt 3k D, & o9 % [ xridlelel 8
2L A e SE 0 g2 TS 3 B8
shtE Hehly] Sisted ARt 22 E9
o9l o % =dldl D, Dol s, " D,
T Dol A (sibling)"d BLFRZAL
D;& D,el U7 +25 7Y ok "D
7t DA Azl (ancestor)”d BR5¥37

= D,=D,, 2 Dli.o] ijg,] Fu9 A

P

d ZAelrt. wIkEA, “ D7t D, o FExvial
(descendant)’?d BLEFVEL " D,;=D,,
2L Dol D2 A Fd Aelrho
dele == Ml Ax =HelET s
g Qlek B3] k= a7b £F 1 AR Ee”
D, AfEox= s (Do B3k
Ed’l  D,Ue ¥ xx oy 27b9] g3E

(Dy;y,2> em EWe, E99e] $58 Fx

=8/8% 15e 207 QoS #9® 24

& ool & AY 73] (Dy, 2Ekn 3393
oh =l D, 8 k= y 9 =6l D, 8 k=
z 7¥e] AelEde] ®H3E <D,y D,z =
F3gc} ojejzie] EmQlYe] kEFoX T} E &
vigloge] AolEde] HAE /A xEF AHA
Xx=(border node)z} gl

iz A A9 9 Al 3 (e, w
of A¥dH 73 oL L x2HE vy wske
2 Al 93 QoS e vhERIth 97iA
1<m<y. AQk=EE =8 wadlde QoS Ay
7} Pt AT roolE dgEr] edy
7AAg) dukde R koo gy ghe 3=
AT W Ee] dEA 9t

(N, A9 vl=] AAE 788 F ko 9 f
7} sic} sk FAlne sBHE FAxE (2
ZE(path)ye dHY x= p={s,-, 4E FI5
o, o reT H2Ab FH oA} YA ¥
o} Helueje] §8o] s2EE R s3se
QoS 8% $%& (o', 073 AL

Definition II.2 Dominated Relation

(N, A)8] A9 F x= x9b yell dishe,
P 1% xZRE y XY T A= sk
o F 1T < B <F F A2 A
A A SHE B Aste] Agsi F,
c™(p)<c™(py)"d BRFEZAL "pio] Py
B} sleble] me el &0l AR
Do7F AE p ol 98te] dominated”s WLFHzE
A el(p)<et (P, (1) Lc(py)
olz  F53rt ol® mel Wited Ay} 7]
Al 1<m<y* o|tko

2 mdxelzlcl. 7| a#ize] A (vertex)
A= 5, EART £ 59} po] Axedgl 2
YA mrel ozl AA k=8 vehiz, ZHd(edge)
2 Ao 257k A2E Jehick mgs]
Hie 2 zde o 7S 883, o] AS- 8t
o] e s Eelgle Ankele et oA
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ok FAIMe wmel mdmel AL Fejolr)
ojr], vhiriR R A9} HiE Fejo)r) oprh
g =5 2EE ERE ] flske] E5e]
U= AT EL3l A= gl

e A 2d H QAAbg AljkERs BeE W
oA A8l DE AWl e, xE
k=2t 3L Domain(x)E 2= x 7} gxsh=
=g vehdth  Level D)E AlEpzolA9)
=l De #FE JvEMith gy
Level(D )= [ Ancestor(x)= == x9 &%

[ Az =9Q), Ancestors(x)E == x9 Az
EodEe] e Fshe datelth  Siblings(D)
o} ChildDomains( D)2 xxlel D2} 3z xv|
A3} AR EHRIES] S T dalelrt

Link(x) & = x9 Bol2% Y=z2 #gho|
g} g} olu] Bz oyl ¥ B, A
o|Eglle] #a B 39 =Y AR rME=
% 7Fs8lc).  IngressBorderNodes(D)E %r)Q)
D2 Eo]9 ¥ ZAAxT(ingress border node)2| #
gola} sl w|48Al EgressBorderNodes(D) &
ks A7 S(egress border nodes)®] #glole}
gk wehA

BorderNodes( D) = IngressBorderNodes( D)
U EgressBordevNodes(D)
olch

3. QoS mzjajy A nj2jole] oiste) Fof

dxelEE #¥sy] #lsled QoS Hetuleiel] of
& elglo] Wasic B ERoldlE ol o] T
4} (composition) = &-FAd(inverse-composition)
2g Aejsisich PRI 24 Yelulce] 44
oA AM8-5o1 QoS steulele] adubzQl A7l
&e)ql additive, multiplicative, Z8]3 concave ol

wteh chga} o] e,

Definition 1.3 F4YE(Composition
Rule)
di, D& #z () I} & QoS HE,
p=C(i,7, k-, l,m)& x= [ERE] x=
742 732z} sk
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Wdp)=di,)+d, R ++dl,m o,
HE g additive T3 AL- mREr)
Wdp)=di,)xd, B xxd(l,m o, =
% d%= multiplicative AW 28 w}2cl,

B Jd(p)=min d(i,j),dG, k), -, d(l,m) o),
A% Jd% concave A AL kgl o

pE 213 QoS = AERA AL Y =
o gk 32 (composition rule)>Z FoiFlch
% c"D=O yesch M@= e
Bl me 7A7HAE viekdch 7+ gelvlee] s}
o, *©'2 RdsE 974 WAL 9 TIHA

ozry ohest 2] Aeldrt

Definition 1.4 ARMHE[(inverse
Composition Rule)

a@b=c if and only if a= bPc

M. Phase I : AAA 349 w2l ot
EfUS 948 QoS Distance & A

2 =Folx Agksl= 2-phase 28 32| Phase
I ol 2ele) 52 [ =ellel D, ol Sole
AAxT xo Yrke AARE y 470l EddE
Ak dDENHYE A% A2 QoS distance
W ArIHeR AL wAle g Feic) &,

< D :x>:x€ IngressBorderNodes(D ;) 2}
< D y> ye EgressBorderNodes(D ;)

ol BAXE & (KD x>, <D :y>)el B3t
BE LD ix>, -, <D ;:»}2] QoS distance 3k
Fao, Whden wg P A9 @
A A& & deng, o Az} 4BA
3 we whyel ssapet Adkeh o
= AleldE 7 QoS Tple me(l, -, )
off wisie] K ohE A=2E et 4 BEw D,
o] Hw =vlel Dy old shte] 7 @aal

(D,+1/:x,y> Z:'h7]’ E]D:‘ D[+1,.'§: "]‘E']'LHTL:" L

o dp
fo
-z
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Pz Aol M et B mEE, or)4
mel{l, -, 7} 28z h=1,, K & =%
Z¥slAl wdsEl] flEle], ARE der Fz
3k old) HRZbE o829t -2 dominated

WAE PSS gk}, A,
c"(ep) < <c™en™) ok B, eyt
el el 1ol ols}od dominated =7 o
ol o7l k=2, , K. oA ZZelE QoS

vehli= s
(c'(eg™,, c'lelgh)el ddart

2 oA Akl 2 WAdMe 4 5
9 =ellel WellA] = AA-AA A A
ek 5 ¢ meldue) BE k=E AR g3
ARE 3] mefele Jehlie AT 94
dlojeplo]E 3 & ok webd (DR
H8 (D »7RAe AR =6 Dol

oW A=, welabd (D: x)elld A4k
& %)% QoS distancezta H|oEH]e]
zzo)] M3kste] o7t eREold 27 AlFRE
ot (D, x)7F fAekhe ARE ARle]
A BE AAeTte] » FholEm AT
Al xtlolelmo] ol fR]317] olEle AER A
= ).

& 19 ZelQEe] dig Aldbe] BT B
TE [+19] ZHlEe] gt Alale] $3%ick &
I+12) =mi]), AF B Dy olde B9
L2 AAxE x9 WWhe AAxE y 47k
25 Al slsle] Hegk AR ohga) 7o)
) oyl

distance &

b

&
2 >
e}
ol

i

F¥

View(D 14, )=
{<D,{ <D x>:x= BorderNodes( D)},
{y<{Dx,v>e Links({ D:x>)}>

:De ChildDomains(D ;1 )}

713 12 Phase IToll 4] QoS 2H¢E gmajzo
2, ASH SAA 7 $Ee) mediz 53

Hi 24 Eojed g9d duelzeld. & %
X

[=1,,L. °o] dA9 298 A 42 8
Fob= HWEZ backgroundZ A3t <dwe|e)
Azb Bale= Aogl K 2 dyElEoes o
Mo FHe] rlsdith oAF B, KA D
ZARAA (K+1)-H4 Hd ARZ29 HolE 9
stod A Bt O(M)] daeiFe]l U=iA gl
o, 71 M & g =eelY] Y=g} sl
[7, 22]. o] 7% Aok dzelFe] AEAEE
g ujaluidld O(7KPM)olct o714 Py &
ool AlxRE AR F7} H &,

P=|IngressBorderNodes(D , )| X

| EgressBorderNodes(D ;)|.

IV. Phase II : 2g|9|t]o] $-89 Q74
A QoS #94

HEut]o] B2 RE] FAl-tol QoS 87
A], Phase 1 o4 a3l QoS distance Z-& %3
WAz o]88h= QoS eh9-8e] Phase Mol =
3§tk Phase I 2 steps &2 o]Fozigick wA]
Step 1oljA] AlZd EAIHe] &A AQARE-S uled
e aHEE FEYch adE 7EE 4 Ae
£ 7 2o AA sl doleulel s A%
g gler®, IHE FE due|Ed SAxER
HE] EAEEZE o|E3l sl Akt e Ee)
o} Step 204 d2l9] ARAW dm|EE AHSSt
o T3 =l QoS ARE ARl o]
AEE 7P ase] R ARH gdARoelck
A dHAZERE 5% $F médue 8
z19} AoleEde] Y=mTuF FAR Azmd wppy)
#1314, QoS AR wle] whewl daelEs
Aokt

1. Phase 2, Step 1 : EAlge] &#xf X

ARSE Sk Tel=E &

E =FolA] Aokl =izt =
THEZE FE5E) flete] MEEE =edE
e VisibleDomains(s, f) 2 sl=k HA 341
=9 FAlxee shY U 80 3E AR By
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algorithm QoS_Distance_Procompution( NV, A)
begin
for /=1 to L do
begin
for each domain D, do
begin
for (D ,:x>:x IngressBorderNodes(D ;)
and <{D,:y>: ye EgressBorderNodes(D ; )do
for m=1 to » do
for k=1 to K de
begin
{(D,: }) computes the /—th best
path e;';'h with respect to parameter
m for {KD;x>,--,<D;»} and
its 7 values (c'(el™,, c(el™),
by using an appropriate K best path
algorithm such as K shortest path
algorithm, K largest capacity algorithm,
etc.;
end

(D ,: x) sends results to (D41} xy;
end
(D ,y,; %) gathers information of View(D s, );

end
end

22 1: Phase I - QoS Distance AAARE 918+ B4l <@

Ade D, = srk Bads Level D)=k .

D,={D 1)D 1€ Ancestors(#) and

D, & Siblings(D ,):D ; & Ancestors(s)}.

VisibleDomains(s) ={ D. D= Siblings( D )):
D = Ancestor (s) and
I=1,-, k).

VisibleDomains({) ={ D: D= Siblings( D )):
D ,= Ancestor () and [=1,--, k}.

VisibleDomains(s, ) = VisibleDomains(s)
U VisibleDomains( D).

oA, Ze= 752 floh WFE ol A4
1072

function Construct_Graph( (¥, A), s, )
begin
D={D,|D e Ancestors() and
D, = Siblings(D ,):
D, e Ancestors(s, D};
k= Level D,);
Vieu(s, H=0;
for /=] to k do
begin
D ,= Ancestor (s);
View(s) ={< D, {{ D :x:
x< BorderNodes( D)},
{v<{D :x,y>eLinks({ D :2)}};
View(s, £) = View(s, D\ View (s);
end
for /=k%k—1]1 downto 1 do
begin
D ,= Ancestor ,();
View()={<{ D,{{ D :x
x& BorderNodes( D )},
{3:< D :x,y) eLinks({ D :x0)>};
View(s, £) = View(s, D\ View(D;
end
construct graph G(V, E) from View(s, ?);
return( G( V, E));
end
2] 2: Phase II, Step 1 - &7 AbAle 9= 75

I e

A g e olFd View(s, e oHe 2
o

View(s, ) = {<D,{<{Dx):

x€ BorderNodes( D)},

{v:<D:x, y>€ Links(K D x>)}>
: De VisibleDomains(s, 1)}
23 2 ARY 2T (VA9 A Aske
Ezleae2E &3] AT geolch e
FdwEen 7 pEdw Uy ¥ 2 A
£ A o TR AR § =ddl
D e VisibleDomains(s)®] AA4e 3=
AAxE ( Dp2)e View (s)E A9 dle]
eho)xolA] Z3sled, 1 AHE ohg £ A
Axeel ¢ Dgp: xpelAl 4 Agde), o714



I=1,-,k ulsspl, ¢l D=
VisibleDomains()] A==  ( D; )=
View {5 #A11e] delelulo]ndr] 23§ F
2 AFZ (D DA FEAgR, o)A
{(=4F,, 1. FHEAon FAEE =
View(s, ) 25e 23l= (V, B)& 733k}
3k Construct_Graphi Al ua]Soly) EA
A AR APl 4 5 =eQ9 AAR
Eofiile weleidol g ZiE] S8 A7t
O(1)el x8¥EzR, A4 AzhEat=s O(L)2
et 2lede) Aztel 4%tk ol 3¢ AZH
Bl oflel Fepel| 2d3le] PEF =S X

FEE Jg= AolM QoS ZE A" U

2 =09 AAE Hste] 733 sz
GV, E) A3 s2¥E A3 ¢ 7] 28
Al 23R Qo8 28 wHESslE QoS HEE
Artshe daelFe] Hasioh xme] Aofez 4l
3l B =feldE 2249 QoS #H TERE
Aksba, [11]s)4 ol2lgh Fxo] 23R 72
dB)EE MER Ak aEhd QoS AR A
S 9Jste] 7]Ee)] AjkElAW [10]9F 22 QoS
A2 okye|ag B E=Foi AME 5 gle
] °]3 P4 Select_QoS_Pathz} )4}

= e QoS AR pt pE AF
(concatenate)d}e] <dAE QoS HZ p; & APAsh
+ %< Concatenate_QoS_Paths® I g3jcl o]
FE = p13} 0o 7 ghE SeielE Az
AL Hgslo] AR AR ke ALK

L

3. Phase Il, Step 2 :

28 2o Qos 2IRE

B =4 Ajetels QoS 2l9-el RS Phase
UE 2 59 AAsksich =d AAa odF3%
Step 12] Fh Construct_Graph3 Xxc &}
B&3p] B4 (N, AN s2RE A
oMz (V,E)E ¥k 3EEeld
G(V, E)e Adwss Agsd. Fal oz

QoS 2}2d =l

O
| S\

33

a8 30 AZA AR ells} e 759 2=

Aol BRLe f= 31 Select_QoS_Pathd &
Z3)e] AZA SHWAR  p={s,, H T A
th o)d AZ pE doz weplud, AR
VR AE BT FE 1 =AUWY e FA2
2 d7ix) B8 F dlg sPkead dgk QoS
FAZE Axksles gAY A ¢ual3olr).

AR p'E duEBo] APshHA FF 1 %y
AR Rgste] LET QoS HZEt 3k, AR
e (e rNEAL B opte A4 1EF
d =22 X v 1 EHYY 38 o)F
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o]zl QoS7ZZolrl (o] H-x Eugleg Eoje:

AAw=g  ( Dpxyet @, pel yAzel
{< D11x>,---,t}—‘5 7WAEIY glerg ] o]Ak

e gev) ek mebd o) ¥ARE pTY %
Z1ztez 3y, HARY g (7 e rNe
Z7|gre 2 gk
olal pAel Z sMElA (Djix, e AR
ko] oJulsr = fo] e sPtElmiERE] A9
2 wegich
o) FMRask 12 7 e WHske ¥ARE
gledjalol 4] w8hel(recursive) 0.2 27| £)8le] &
513k~ Partition_QoS_Routing& 353t} §H49]
3&7vHe SSlErQleld] Ak 42 4
o] 7 gro] Elkh o] RARE prel AR A
i‘\% j)*% Aﬂ/‘é@-_(_)&u} Hé—z:j_% %i:— 01]7‘-’6}—\;].
sl ymudelegyE ke AAxEE

¢ Dyyyet ah, b2 F7 2l
{s,.¢ Dy} o o) »0 et gk

weby o] ¥ARE pst ddshd HFA A=
A pTE AT ol A2 pTe AR nE

fuction Select_QoS_Path
(G(V,E),s,t,(c',~,0")

begin

select a feasible QoS path p from s to f to

meet the QoS requirements (g', -+, 0")
by using an appropriate QoS path selection
algorithm,;

let 7 values of pbe (7',-,7");

retwrn (9, (7', -, 7));

end
funtion Concatenate_QoS_Paths( p |, (y1, -, 71,

P2 (73, 73))
begin
let p5 be the concatenated path of p, and po;
(73, 7D =01y D®(rs, o, 79

return( p 3, (Vé, SO 29)5
end

38 4: QoS Az 9 dd dvelE
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& Dol 7Pk JWEERRE AEe
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AEE SelEd]lad]  EFReR 2]9)sle,
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#Hoz Tk P50 AN s9IEHQ
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algorithm QoS_Routing
((N,A),s, t,(¢',, 07
begin
G(V, E) =Construct_Graph( (N, A),s, t )
( ?), (')’%mp, ty Y:mp)) =
Select_QoS_Path( G(V, E), s,t,(c',+, 0"
D= Ancestor (1);
let ¢ D,:x) be the ingress border node on 3;
p*={( Dyx), -, #} and
let its r-value be (!, -, 7");
for each virtual-link <D,:x,y> on $ in reverse
order do
begin
let vimallink <D,:x,y> be the edge e ,€F of
G(V,E) and its rvalie (¢ (e,,),+, ¢ (e.,));
(D omp» (7 b "+ 7 1)) = Parrtition_QoS_Routing
(KD ix, 3, (c' (e ), ¢ (e )
(p*,(y', -+, v))= Concatenate_QoS_Paths
(Y C2 WA 2N I A C AN 20)F

end
D= Ancestor (s);
let ( D,:y) be the egress border node on 13;
D wmp={s,{ D11y} and
let its r-value be (7 by, **s 7 s

(p*,(»', -+, ¥")) =Concatenate_QoS_Paths

YR COWIETIE 2N AN C AR 20)¢
p* is a found QoS path and

(7Y eee, ¥ its r values;
end

function Partition_QoS_Routing
({ Dyx, 3,01, 0)
begin
/= Levell D),
construct graph G (V' ,E) from
View 1_1( <D,_1/:y>);
expand graph G( V, E) such that
V=WV ad E=EUE;
if (I=1)
return Select_QoS_Path

(G (V' ,EN, < Dy:x),{ Dy:yp, (a1, -, 0
C Dro12 (P bups "+ ¥ 1up)) = Select_QoS_Path
(G AV ,E)XD, 1:x,XD; ;> (g}, 0

e

-%-/3t 715 % 294 QoS ' WY

p:omp:{};
(7iompy'"y YZamp):(O,'",O);
for each virtual-link <D ,_, iz, w> on 5,

in reverse order do
begin
let virtwal-link <D ;.;;2, w> be
the edge e ,,=F of G(V,E) and
its r-value (¢! (e ), ¢"(€.))
(p tmp s (7 %mﬁ: 4 Zomp)) =
Partition_QoS_Routing
(KD -y iz, wd,(c (e, ¢ (e));
(1) :omp , (7 iomp; A 4 :omp)) =
Concatenate_QoS_Paths

1 * 1 .
(P tmp » (7’ mpy s ¥ :mp)y D comps (r comps s T ngp)),
end
1
return (PZOmIJs (7 comps *Ts ¥ Zomp));

end

2] 5: phase 1f, Step 2-QoS =48 FA| &9 QoS
2k gdelE

zrjelvie] gaelw rMEart de AR Al
F53iet
Ei Partition_QoS_Routing= duzE

QoS_Distance_Precompution?] 7|2l AlA 4t
Al wstshs ¥AEQl 7iee FAsES ¥
9Jtl. =, Partition_QoS_Routing 43 73} <1o]
A ARz Eojale s EUHS 3 QoS
distanceZte 2 A& 4 gleng B A o d
olejue] g AAlEle] Hrl MRE FPSE QoS
distance k& FA=S & 4 glcok

olve]= Partition_QoS_Routing®™ ¥4k 7e]
202 QoSTAl B¥S ¢lsle] Hag QoSzheH
ARZ dojejro)zel AAst Sl E AA
wedd sl Beh debd i oA
Dok Aedo] Frt2 ag ok el e
235FAIOA olejgt Alede axkA| 3R] W
o], B A AR 298 A A A=
off gk el Adal ARl ARe| ok A
dlef #Hat aAAsie] RdhE eheEe H3le
2712 deg AAAzke o] =R dva &t
etk

4. Qos zie€ &4 ¢ o
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23l flood 3lick 298 71ee iR EAIY
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= 4 gF3ag AFTEE sk Aolrh et
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QoS Hwr} &A%} ] QoS #9-HeliA ZAA
g Aze ASH 9A=Reln AR T &
wiQl Ziztel] tigh AR A2 Foll AAE, I
8A HEAQ AERA 9 A 2heElo] o]FeR]

1076

7% gk

& =il Adshe #A7bs 2944 QoS gt
S8 FxoMde 2] SHARE AAlsle] de
A Z5jshe e AL o1 Aste] Phase
loli] 2E 559 mreldlidEe s Ak 9}
Wi AAxs A7t meels ARske dd
S 218 =29 QoS distance ZHg- ?47]24_5
AAAbste dloleldlo] o) AARICY. o] AlMRE &
A S8 YL AR AAEde AR
QoS distance 7S *]Azl}.

$8oMe 277 §h&w) Phase 17} thA] F
step 22 tiro] APEch Step lelxe AZTH %4
ARR Ao "o = 125 4 ga=E
o2 PAlweaiy pAxcHlEke] Azwe]ly
o] AAx=EelA A=tk eolefzte] A6
AEES FAE] W 23S AMgReEs A
29 floodZ =T B F4 2HF=E &2
T ok m=3F £ =ielAe Al ¢xlA=e %
AL Halkslr] $te] 7|Ee] AltEW WA
Brh B& 2] AlFA FAlE wkdshe 19
ZE5 QA Ajkske 23] w9 93 $4l
re e PAxCrR]e] whjvt 2]ed(end-to-end
delay)e] F712 FQ3sht, FHIe Zu&FAI|
A oleg X2 ZekR] =ZA] Yk

Step 204 tiERg o g A4k AlH AdA

£ A3l 5 19 =7 AR AR

°é7] 3 QoS FAl ¥ ukale Algkskth
AEH HAAZ2HE QoS TAE AAHez
el o1 Tl ARE sl 24k g3
glgo] A=k QoS A £ = 5 o
aze|Ee] 23 wEkhs jHE Al RE $
Axx wigko g zgdste it x|do] FQsjct.
Tejv o] dAle 9F A ARl o S
Hl~Eol FiRle] AsE # glomag FriH<l
Al ot

B =Rl Ajtele 2o wAelA ARSE
QoS AR At daelEL 7]|Ee) Ad=EAR 4
29 due|EE AN 7Fsshd, AEE QoS Bk
g FA Eell Age daelE siute] Hasth
AL AleYs)ar
3o, e Aefe R Qlsle] & oM 2%
A9l QoS =H9E FRE Ajksid, 29A =294

Txol| AL A2AY darelEE HEE ARRE

D}. X} Phase II, Step 2914 A=l 874 2
$E=} Phase 19 AA4 2H9ES A7) o

5 e N mlm

o]




T gsshl F 874 AgEls -y 2k
g AdAde s AsgEs Ty ekgele] AR
Axzle] A EdQgs OB Edge) SRS
sl Aol Besty dAA AWt APFeld =
g meedul AL AR FHEA AREle] g
Eg-L 23 QoS distance F& EAT|E AR
F WA FES o)) 4% ukle] A% A+
= Fesjch

(11

21

{31

(4]

(5]

Zre

C. Alaettinoglu and AU. Shankar, “The
Viewserver  Hierarchy for Interdomain
Routing: Protocols and Evaluation” JEEE
JSAC, 13(8), pp.1396-1410, October 1995.

Baruch Awetbuch and Yuval Shavitt,
“Topology = Aggregation  for  Directed
Graphs,” IEEE/ACM  Transactions  on
Networking, 9(1), pp.82-90, Feb 2001.

Shigang Chen, Klara Nahrstedt, *“An
Overview of Quality-of-Service Routing for
the Next Generation HighSpeed Networks:
Problems and Solutions,” IEEE Network, pp.
64-79, November/December 1998,

Israel Cidon, Raphael Rom, and Yuval
Shavitt, “Bandwidth Reservation for Bursty
Traffic in the Presence of Resource
Availability Uncertainty,” Computer
Communications, 22(10), pp.919-929, June
1999,

JCN. Climaco and E.Q.V. Martins, “On
the Determination of the Nondominated
Paths in a  Multiobjective  Network
Problem,” Methods in Operations Research,
40, pp.255-258, 1981.

1077



2] '03-12 Vol.28 No.12B

33 = -

R

s

g

A

X
AL

] QoS 7Z 4 QoS =H$-E

Gk

el

I8 6: A
o] o

1078



a8l 7: Ak HA QoS A2 H QoS 2R 4| 2

o] A<
[6] Fang Hao, Ellen W. Zegura, “On Scalable

i71

(8]

QoS Routing: Performance Evaluation of

Topology  Aggregation,” IEEE  Infocom

2000, pp.147-156, 2000.

M. Gondran and M. Minoux, Graphs and
Algorithms, Wiley-International ~ Series,
1984,

R. Guerin and A. Orda, “QoS Routing in
Networks with Inaccurate  Informations:
Theory and Algorithms,” IEEE/ACM
Transactions on Networking, 7(3),

9]

[10]

{11]

(12]

[13]

[14]

{15]

[16]

{17]

e

/8 7bee 294 QoS B E e
Pp-350-364, June 1999.

M.I. Henig, “The Shortest Path Problem
with Two Objective Functions,” European
Journal of Operational Research, 25,

pp.281-291, 1985.

S. Kim, K. Lim, and C. Kim, “A Scalable
QoS-based Inter-Domain Routing Scheme in
a High Speed Wide Network,”
Computer Communications, 21(4),
pp.390-399, 1998.

Area

A5E “QoS B AR At A
Y 432]F” 7/erA,

] 24(7B), pp.1239--1251, July 1999.

35T, AsE olddt “QoS FHEe agH
o AdARRE 7 el vlEARd kAP,
SEEAIEfE] == 26(11C), pp.140-147,
November 2001.

Dean H. Lorenz, Arial Orda, “QoS Routing
in Networks with Uncertain Parameters”,
IEEE/ACM  Transactions on Networking,
6(6), pp-768-778, December 1998.

Dean H. Lorenz, Arial Orda,
Partition of QoS Requirements on Unicast
Paths and Multicast IEEF/ACM
Transactions on 10(1),
pp.102-114, 2002.

“Optimal

Trees,”

Networking,

Srihari Nelakuditi, Zhi-Li Zhang, and Rose
P. Tsang, “Adaptive Proportional Routing:
A Localized QoS Routing Approach,” IEEE
Infocom 2000, pp.1566-1575, 2000.

Arial Orda, “Routing with End-to-End QoS
Broadband  Networks”,
IEEE/ACM  Transactions on Networking,

Guarantees in

1079



3

(18]

[19]

[20]

[21]

[22]

o
of>

<F3t

1080

S 52188 =E-A] '03-12 Vol.28 No.12B

7(3), pp.365-374, June 1999.

Arial Orda and Alexander Sprintson, “QoS
Routing: The Precomputation Perspective,”
IEEE Infocom 2000, pp.128-136, 2002.

Arial Orda and Alexander Sprintson, “A
Scalable Approach to the Partition of QoS
Requirements in Unicast and Multicast,”
IEEE Infocom 2002, pp.685-694, 2002.

Danny Raz and Yuval Shavitt, “Optimal
Partition of QoS Requirements with Discrete
Cost Functions,” IEEE JSAC 2000, 18(12),
Pp.2593--2602, December 2000.

Private Network-Network Interface
Specification Version 1.0 (PNNI 1.0), ATM
Forum PNNI Subworking Group,
af-pnni-0055.000, March 1996.

C.C. Skiscim and B.L. Golden, “Solving £
-Shortest and Constrained Shortest Path

Problems Efficiently,” Annals of Operations
Research, 20, pp.249-282, 1989.

#(Seung-Hoon Kim) 334
, 19853 24 : elslEtw A=A}
Axkett E4
19891 84 : qlspeiEtal  AAL
Akt HAt
1998 24: E3hFIIsL
Az AR whap
2001 99 ~3A) : drhEa
Az 8

i) A
* 2

Aol AER el S, 2 EAY



