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Abstract In general,finding a feasible route subject to multiple additive QoS constraints is an NP-complete problem.

In this paper,we first analyze the constraints and their properties that can reflect the basic characteristics of a network

and support the fundamental QoS requirements. Then,we show that the unicast QoS routing problem can be general-
ized as a Multiple Constrained Path(MCP) or Restricted Shortest Path(RSP) problem. Finally ,We investigate the ef-
ficient approximate algorithms for MCP and RSP,and how to convert a RSP problem to an easier MCP problem.
Keywords QoS routing, Approximate algorithm,MCP,RSP,NPC
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wy w8 B /ME min—w, (] min_w,[u],

Relax (u,v)

1 if (dlv]>d[u]+/(u.v)) then
2 dlv]r=dlu]+(u,v)

3 rlv]i=u

4 wilv] =w[u]+w (u.v)
5 w[v]s =wo[ul+wy(u,v)
6 min_w) [v] =uy[v]

7 min_w;[v]: =w;[v]

8

else if (d[v]=d[u]+I(u.v))then

9 tf (min—w [v]>min_w;[u]+w; (u.v) Ythen
10 min—w [v ]’ =min_w [« ]+w) (u,v)

11 tf(min_—w; v >>min_w;{u]+w; (u,v)) then
12 min—w;[v]? =min_w;[u ]+ w;(u,v)

3.2 MCP QR EAT UL
MCP-APPROX(G(V ,E) 5.ty 0c2)
/ * Find a path p from s to ¢ in the network G=(V,E) » /
/ * such that w(p)=un[¢]<c, and we(p) =w2 [ 1<, * /
1 l(e)=w(e) Fuz(ed(V e€ E)
2 Execute hierarchical Dijkstra’s algorithm with link weights {/(¢):
e€CE}
i Cun[]<<ey and wp[¢]<c;p) then
return SUCCESS
if Gn[£]>c1 and wz[¢]>>c;)then
return FAILURE
if (min_w;[¢]<c; and min—w,[¢]<c;)then
return FAILURE
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if (min—w;[¢]<c;)then

10 Execute Binary_Search(i=1,;=2)
11 else if (min—w,[¢t]<c;)then

12 Execute Binary_Search(:=2,;=1)
Binary—_Search(s, ;)

1 k—min=1

2 k_max=n max{w,(e) [e€ E}

3 while (2_min<<=#%_max)do

4 k=[+/k_min » k_max]

5 I(e) =kw,(e)+w,(e)(V e€E)

6 Execute hierarchical Dijkstra’s algorithm with link weights {Z
(e):e€ E}

7 if Cun[#]<<e; and wy[¢]<<c;) then

8 return SUCCESS

9 if (min—w,[¢]<¢,) then

10 bk _min=%+1

11 else

12 k—max=%—1
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4.2.1 WeR A2
EXACT
1 initialization
2 for all ¢Z20,set g,(¢)=0
3 for all v7s,set g,(0) =00
4 for c=1,2,3.A
5 for all e.compute d.(c)
6 forall v5,set gu(c) =minssceMinu e £[ g4 (8) Fdu (c—5)]
7
8

if (g.(c)<<D)then
output OPT =c and its corresponding path, exit.
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5 3, Bl g.(OPT)<D HX {147 c<<OPT,g.(c)>D; Frilfg
&S<D W/ ¢ 9 OPT F75M93iE T BT 18 Otmlog D) 4768
IETTE Y Otme) , FT4M TE K BN OPT . B L EXACT #
Z 1784 {E & O(mOPTlogD+mOPT?),

4.2.2 A RgAe
TEST(V)
initialization

for all ¢20, set g,(c)=0

for all v5#s, set g,(0)=o0
for c=1,2,,n/¢e}

for all e, compute d.(c)

for all v#5, set g, (¢) =minsp<cMinuwve [ gv (5) + B (¢ —
8]

if (g:(c)<D) then

output OPT<(1+€)V ,exit
output OPT=V
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4.2.3 #iMWKEE
APPROX
1 initialization
2 set L=1

set U=nC
while (U>2L) do

3

4

5 set V=+/U+L

6 if (TEST(V)) outputs OPT2=V, set L=V

7 if (TEST((\;’))outputs OPT<(1+¢&)V, set U=(1+6e)V
N (d)

8 set c’(d):l‘c[_s/n'l

9 call EXACT with cost ¢.(d)
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