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Abstract

An algorithm for computing alternate multicast trees inkedransport networks is
proposed in this paper. The algorithm efficiently computestipie sub-optimal tree can-
didates for a given multicast service request. The algoribuilds on the widely used
computation of K’ ordered loopless shortest paths and can be applied to amgcieal
network topology. Simulation experiments obtained for dtiprotocol label switching
(MPLS) network are presented to evaluate the effectiveaedgperformance of the algo-
rithm.
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1. Introduction

In MPLS network routing, quite often the shortest path is thet favorable choice for a
unicast label switched path (LSP). Having multiple alt¢éern@aths to choose from is a way
to provide more options for the LSP route. The availabilitynltiple paths increases sys-
tem flexibility and improves network optimization. One greal and simple approach to
computing alternate paths for a given unicast LSP is to fied/fhshortest paths, i.e., a
technique that has been used extensively to solve netwdnkiaption problems. Vari-
ous algorithms are readily available to compute ehortest paths from a source to a
destination node [1], [2], [3], [4], [5], [6], [7]. Howevefor a multicast LSP request, pre-
vious work on computing alternate multicast trees is quitétéd. A distributed algorithm
to compute two nearly disjoint multicast trees in wireledshac network is proposed by
Wei and Zakhor [8]. However, the algorithm computes only aiternate trees, and it is
specifically designed to account for node mobility.

The contribution of this paper is the design of a time effitigigorithm to compute
multiple alternate trees for a given multicast LSP in MPL8nwek, assuming that every
node in the network has unlimited multicast capabilitiesnplexity of the algorithm is
comparable to the complexity of th€ shortest path algorithm. The paper is organized
as follows. Section 2. describes the algorithm, derivesataplexity, and proves its cor-
rectness. In Section 3., simulation results are discusseddiuate the effectiveness of the
proposed algorithm. The results are obtained by applyiegatorithm to compute the

multicast tree routes in MPLS network with the objective ahimizing the total cost of



the network equipment required in the network to supportvargset of multicast LSPs.

Section 4. contains some observations about future work@subject.

2. Algorithm

This section contains the description of the algorithm tonpate multiple alternate trees
for a given multicast LSP request. The algorithm first corepumultiple ranking loopless
shortest paths from source to each of destination in theicastttree. Multiple alternate

trees are then computed based on these paths. The followiatians are used:

e N: number of vertices in the network;
e M: number of edges in the network;
e s: source of the request;

D: set of destinations of the request;

d;: thei*" destination of the request;

n: number of destinations;

P: set of ordered loopless paths frono all d; € D;

P;: set of ordered loopless paths freno d;;

pi;: the jth shortest path froma to d;;
e T': set of alternate multicast trees;
e K: minimum number of alternate trees to be computed,;

e m: number of maximum hops fromto all d; € D; if no such constrainty, = oo.

The algorithm is split into two steps or procedures.
Procedure 1 creates s@¢ i.e., it computes a set df loopless shortest paths for every

pair (s,d;), d; € D.



Procedure 1:

For (d; € D)
P+ 0
ComputeK shortest paths fromto d;
For (jth shortest path)
pi;j < thejth shortest path from to d;
P; = P; U p;;
ENDFor

ENDFor

Procedure 2 makes use of the paths in/3etib compute the trees to be addedito
SetT is set to be empty before running this procedure. The proeeduorks iteratively,
adding one tree at a time. At each iteration, a new¢€e, £') — V' is the set of vertices
and E is the set of edges in the tree — is computed as follows. el and E to be
empty sets. Vertices and edges are increasingly addedsiitisfactory tree is obtained.
One at the time, all destinatiods € D are considered as follows. Choose a pajhe P,
that was not used in any previous iteration. Add all the eediand edges in the path@o
Then for each of the remaining destinatiaf3schoose one of the paths in gét. Vertices
and edges in this path are added to t8#&, £) starting fromd;; and traveling backward

along the path, until one edge that has a node that alreadydeeto tre€=(V, F) is added.



Then, move to the next destination natleThe pseudocode for Procedure 2 is given next.

Procedure 2

k<0
T+ 0
For (P, € P)
For (pi; € P)
create a grapt¥(V, E), V < 0, E < ()
For vertexv € p;;
V=VuUv
EndFor
For edgee € p;;
E=FUe
EndFor
For d; € D andi’ # i
vV 4 dy

e +last edge op;

While (v é¢V)
V=VUwv
E=FUe

v = v'S Upstream vertex op;,
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e = e’s upstream edge am,
Endwhi | e
EndFor
t <the tree inG(V, E)
EndFor
If teT)
acceptable < Tr ue
I f (m < 00)
For (d; € D)
h; «<—number of hops from to d; in ¢
I f (h; >m)
acceptable < Fal se
Br eak
Endl f
EndFor
Endl f

| f (acceptable = Tr ue)

T=TUt
Endl f
k++
Endl f
| f (k=K)



Br eak
Endl f

EndFor

2.1 Algorithm Complexity

This section evaluates the complexity of the proposed dlgor
Procedure 1 computes shortest paths from source to all destinations of the mul-
ticast traffic. Since computingd shortest paths for a pair of vertices has complexity
O(KN(M + Nlog N)) [6], the complexity of procedure 1 @(nK N (M + N log N)).
Procedure 2 has, at mog{, iterations. Each iteration has three steps:

1. add vertices and edges of tffé shortest path from to d; to the tree;
2. add vertices and edges of the shortest path fréoni;/ (i’ # i) to the tree;

3. if m < oo, count number of hops fromto eachd; in ¢.

Since a shortest path can have at mdsédges and at most/ + 1 vertices, step 1 has
complexityO(M); similarly step 2 has complexity ((n — 1) M ); complexity of step 3 is
O(nM) since number of hops between any pair of vertices is at igsto the complexity
of procedure 2 igC(O((n — 1)M) + O(M) + O(n)) = O(Knl).

Hence, the maximum complexity of the algorithn@isn K N (M+Nlog N)) + O(KnM)
=O(nK(N+1)M+nKNlog N))=0O(nKN(M+ N log N)), which means the proposed
algorithm complexity is comparable to the complexity of garting K shortest paths from

a given source node to each destination, i.e., procedufiplexity.



2.2 Proof of Correctness

In this section itis demonstrated that if multicast regb@stno maximum hop constraint(=
00), the algorithm can builds distinct trees for the request if for at least one destimatio
d;, K shortest paths fromto d; can be found.

For the proof of correctness for procedure 1, see [1] andIb¢ proof of correctness
for procedure 2 is split into two parts. First, it is provemtli/(V, E) is a tree, then it
is proven that for each;; € P,, a different tree is built. Without loss of generality, we
assume that Procedure 2 begins with 1 and that there ar& shortest paths from to
dy.

Proof 1:G(V, E) is a tree.

At the beginning( only contains vertices and edgespi), so it is loopless and is a tree
with no branches. For destinatiah(: € {2,...,n}), edges and vertices of;, (shortest
path froms to d;) are added sequentially t@, beginning from the last edge and vertex

(d;), until the vertex is found idz. From these steps, we can see that:

e sincep;; is aloopless path and edge and vertex adding stops onceéhis teached,
G is loopless;

e p,;’s first vertex iss, so the tree will be eventually reached (sirds always in the
tree).

Based on the observations above, we can see that step afigzsemains a tree.
Proof 2: For each,; € P,, a different tree is built.
LetT; andT7}, be the two trees built based pp; andp, ;.. First, we observe that all edges
and vertices imp;; (i € {2,...,n}) added toG are part of the shortest path tree(SPT);

when; = 1, the built tree {7) is SPT. Then, we observe that for any two pathsand
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p1j, there are at least two edge@, v2) € pi; ande'(vy, vy) € pyj in the network that
satisfyv; # v} andv, = v}. Obviously,e ¢ p;; ande’ ¢ p,;; also,e ande’ cannot both
be in SPT, otherwise we will have two shortest paths frota v,, which is not possible;
so eithere or ¢’ is not in SPT. Without loss of generality, we assurig not in SPT, then
e cannot appear in any path pf;, combined withe ¢ p;;,, we havee ¢ T;,. We know
e € pi; hencee € T}, soT; andT must be two different trees.

1. and 2. prove that a tree built basedygnis distinct from a tree built based gn;
whenj # j'. Sincej € {1,..., K}, at leastK distinct trees can be built by the algorithm.

The proof above is based on the assumption that the multegsést has no constraint
on the number of hops from source to any destination. Howévire request has such
constraint, then the algorithm will not guarantee thatdistinct alternate trees can be
found. This is quite obvious since if such constraint existen shortest path between
source and a destination may not be found; in an extreme dasew = 1, no multicast
tree can be built unless all destinations are 1 hop away fresource, which is highly

unlikely in reality.

3. Experiments

We designed two experiments to examine the effectivendbgafigorithm. In Experiment
I, we mainly concerned the value &f’s effect on the whole network optimization; in
Experiment Il, performance of the algorithm is evaluate@whSPs have constraint which

does not allow hop count from source to destination to exceetin number.



3.1 Experiment |

The following experiments are designed: three MPLS netwopology are randomly
generated, network 1 has 10 vertices and 60 unidirectialyggs network 2 has 20 vertices
and 120 unidirectional edges and network 3 has 50 vertiog@8@0 unidirectional edges.
For each edge in the network, it has maximum transmissioadigpC. A number of
multicast requests, with average number of destinatiamgimg from 2 to 8 and bandwidth
request’'/100, are randomly generated for each network.

Simulated Annealing (SA) algorithm is used in the experitrtenfind the optimal
usage of bandwidth, which is to minimize the number of regglinks in the network. SA
keeps looking for a better solution during a certain amofitibte by creating an alternate
solution each time, which is generated by letting each retpamdomly choose one from
all available trees for multicast. The purpose of these exyants is to find out degree of
optimization of the whole network when alternate trees sadlable for multicast LSPs.

Results of optimization are shown Fig. 1, 2 and 3. From thegeds we can see
clearly that in all three networks, total number of edgesiuseall requests is less when
alternate trees are provided, optimization is significapeeially when total number of
requests is relatively low, which is reasonable, since wbad of the whole network is
low, there is more flexibility and it is more likely to get bettoptimization.

We can also see that increasifigusually brings much more gains whéhis smaller
than whenk is large. This is natural since when the number of availablestis small, one

more alternate tree can increase system flexibility a |dtifbe number of available trees
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is large, improvement of one more alternate tree for opttion is relatively minimal and

can even cause a reverse effect in some cases.
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Figure 1

Effect of K on number of used edges for multiple multicast requests.neétwork has 10

vertices and 60 unidirectional edges, N is number of mudticequests.

3.2 Experiment ||

Experiment Il is similar to Experiment I, except that eachuest will have an extra con-
straint: hop count from source to each of the destinationea@izexceed certain value:j.
Three cases are taken from Experiment |, which are netwotk| € 10, | E| = 60) with

25 multicast requests, network|2( = 20, |E| = 120) with 50 multicast requests and
network 3(V'| = 50, |E| = 300) with 75 multicast requests. Results of optimization are
shown in Fig. 4, 5 and 6 under different maximum hop count tamgs. From Experi-

ment | we can see th&f = 5 usually provides fairly good optimization, so we $ét= 5
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Figure 2

Effect of K on number of used edges for multiple multicast requests.néhsork has 20

vertices and 120 unidirectional edges, N is number of magdticequests.

in all cases in Experiment 2, i.e. each multicast requestheae maximum 5 alternate
trees built.

From these figures, we can see that even when multicast tedwee& maximum hop
count constraint, having multiple candidate trees stitlvite reasonable network opti-
mization, although not as good as without constraint, eaflgavhen the constraint is
strict. In fact, whenn is very small (e.g. 1 in network 1 and 2 in network 2), even SPT

cannot satisfy the constraint, so there is no infeasiblet®ol under the given constraint.

3.3 Experiment Il

The following experiments are designed: three MPLS netwopology are randomly
generated, network 1 has 10 vertices and 80 unidirectialyggs network 2 has 20 vertices
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Figure 3

Effect of K on number of used edges for multiple multicast requests)e¢heork has 50

vertices and 300 unidirectional edges, N is number of magdticequests.

and 160 unidirectional edges and network 3 has 50 vertiogg@0 unidirectional edges.
For each edge in the network, it has maximum transmissioaaigpC. A number of
multicast requests, with average number of destinatiamgimg from 2 to 8 and bandwidth
requestC'/100, are randomly generated for each network.

Simulated Annealing (SA) algorithm is used in the experititenfind the optimal
usage of bandwidth, which is to minimize the number of regghllimks in the network. SA
keeps looking for a better solution during a certain amofitibte by creating an alternate
solution each time, which is generated by letting each retpamdomly choose one from
all available trees for multicast. The purpose of these exqants is to find out degree of

optimization of the whole network when alternate trees aagl@ble for multicast LSPs.
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Figure 4

Effect of maximum hop count on number of used edges for naltipulticast requests.
The network has 10 vertices and 60 unidirectional edgespeuf multicast requests is

25 andK = 5.

Results of optimization are shown Fig. 7, 8 and 9. From thegeds we can see
clearly that in all three networks, total number of edgesiuseall requests is less when
alternate trees are provided, optimization is significapeeially when total number of
requests is relatively low, which is reasonable, since wbad of the whole network is
low, there is more flexibility and it is more likely to get bettoptimization.

We can also see that increasifigusually brings much more gains whéhis smaller
than whenk is large. This is natural since when the number of availablestis small, one
more alternate tree can increase system flexibility a |dtifhbe number of available trees
is large, improvement of one more alternate tree for opttion is relatively minimal and

can even cause a reverse effect in some cases.
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Figure 5

Effect of maximum hop count constraint on number of used sdlgemultiple multicast
requests. The network has 20 vertices and 120 unidired¢toigees, number of multicast

requests is 50 anf’ = 5.

4. Conclusion

This paper presents an algorithm for computing alternatkicast tree candidates in a
connected network topology. Both the algorithm and its cexity are based on the
computation of’ shortest paths — a widely used algorithm in networking. Thepse
of computing multiple tree candidates for every individoallticast service request is to
provide the network control plane with multiple options tmose from for every service,
while optimizing some global cost function, e.g., bandWwidtilization, percentage of
blocking. The effectiveness of the algorithm in computittgraate tree candidates was
tested using a MPLS network example.

The considered computation of both theshortest paths and alternate tree candidates
accounts for the maximum hop count constraint only. Howawedticast in MPLS net-

works may be subject to other types of constraint, e.g. téichimulticast functionality at

15



£ 230 |

[}
—
33

Number of required links
Do Do
Do [No}
=3 St
T T

210 ]

Maximum hop allowed

Figure 6

Effect of maximum hop count on number of used edges for maltiulticast requests.
The network has 50 vertices and 300 unidirectional edgesapeuof multicast requests

is 75 andK = 5.

the router. Additional research work is required to extdregroposed algorithm to com-

pute multiple alternate tree candidates, while accourftnthese additional constraints.
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Figure 8

Effect of K on number of used edges for multiple multicast requests.neétwork has 20

vertices and 160 unidirectional edges, N is number of masdticequests.
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Figure 9

Effect of K on number of used edges for multiple multicast requestseheork has 50

vertices and 400 unidirectional edges, N is number of magdticequests.
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