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ABSTRACT

In Internet Service Provider environment, BGP is a routing protocol that used to
exchange routing and reachability information between autonomous systems or domain. BGP is a
path attributes protocol to determine route selection process to select the best route from multiple
feasible routes. The results of routes selection process will effect to transit traffic between ASes.
How to balance traffic though egress edge links to achieve the highest network utilizes is a main
problem.

In this paper, we proposed a combined Heuristic and Genetic Algorithm to determine
BGP routes selection. The main objective is discovery feasible solution that does not violate the
bandwidth capacity of egress links and to minimize the solution cost. The simulation results
shows that our algorithm discovers more feasible solutions than existing algorithms. It also can

use less bandwidth capacity, while solution costs are almost the same as existing approaches.
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Heuristic Crossover Algorithm

1: HCrossover(CMS1, CMS2)

2:  Check the lower cost solution between two chromosomes (CMS1 and CMS2). Then the
lower cost chromosome is called CMS,, otherwise is CMSy,.

3: for prefix number & =1 to K do {

4: CMS_COST(k) = Infinity

5: CMS,, ; = Result of replacing of column & on CMS; by column & of CMS,
6: If capacity constraint of CMS,, , is satisfied by Eq.(4.2) then {

a8 calculate cost of CMS,, , chromosome and assign it to CMS _COST[k]

8: }

9: }

10: The CMS,, ; chromosome which has lowest cost of CMS_COST[k] is then selected as a
child chromosome for next generation
11: end
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Heuristic Mutation Algorithm
1: HMutation(CMS, k)
2:  Mincost = Cost(CMS)

3% chk =0;
4: for i=1 to total edge link in QUT(k) {
L CMSi=CMS
6: on each CMS; move ‘1’ on the column Kk to the row which is the member of QUT(k), but
has not been selected by previous steps.
7z if ((Cost(CMS)) < Mincost) AND
(capacity constraint of CMS; is satisfied by Eq.(4.2))) then {
8: Mincost = Cost(CMS))
9: Child chromosome = CMS;
10: chk=1;

11: }
i2: }
13: if (chk=1)

14: return( Child chromosome )
15: else

16: return (CMS)

17: end
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6.2.1 dane3nuiiniew (Biggest Traffic First: BTF)
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Biggest Traffic First Algorithm
Inputs: t(h, i, k) for all h, i, k; d(i, j) for all i, J

Outputs: f

1: For all j, set U; = 0. /* Uj records the amount of traffic assigned to b;. */
2: Sort #(h, i, k) in an ordered list T.

3: For all k, set f (k)=0. /* Initialize assignment to null. */

4: For each #(h, i, k) in T.
5: if( f(®) =0 ) then

H 1
6: Sort j € Out(k) in non-decreasing order of Z Z d(ij) t(h,i,k) to form an
ordered
list J. h=1 i=]
73 For each jin the ordered list J
8: if (Uj+ t(h,i,k) <= C;) then /* Check for capacity violation */
o Set f (k) =j. /* Egress link b; is selected */
10: Set U;= U+ t(h,ik)
11: it f (k) =0, quit program.
12: Else
g 3: if (U;+ t(h,i,k) <= C;) then
14: Set U;=U;+ t(h,ik)
15: Else quit program.
16: End

v 4
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Tug 6.2

Most Popular Prefix First Algorithm
Inputs: t(h, i, k) for all h, i, k; d(i, j) for all ij

Outputs: f
1: For all j, set U; = 0. /* Uj records the amount of traffic assigned to b;. */
2: Compute
H I
3: =2, D t(hik) forall k €1, K)
h=1 i=1
4: Sort k in non-increasing order of p, to form an ordered list K.
5: For all &, set f (k) =0. /* Initialize assignment to null. */.
6: For each k in the ordered list K
Ho

7¢- Sort j € Out(k) in non-decreasing order of Z z d(i,j) t(h,i,k) to form an
ordered

list J. h=1 i=1
8: For each jin the ordered list J
9: if (Uj+ pi <=C;) then /* Check for capacity violation */
11: Set f (k) =j. /* Egress link b; is selected */
12: Set U;=U;+ p,
13: If f(k) =0, quit program.
14: End
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A Combined Heuristic and Genetic Approach to the BGP Route
Configuration Problem

Tosamon Littirut, Chotipat Pornavalai

Faculty of Information Technology
Rescarch Center for Communication and Information Technology
King Mongkut’s Institute-of Technology Ladkrabang,
Chalongkrung Road, Bangkok 10520, Thailand
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Abstract: In this pacer, we proposed a combined
Heuristic and Genetic Algorithm to determine BGP
routes selection. The main objective is 1o discover
feasible solutions that do nut violate the bandwidth
capacity of egress links and at the same time wry 10
minimize solution cost The results from our sinulation
showed that our algorithm discovers more feasible
solutions than existing algorithms especially when
bandwidth capacity of vgress links is low. Furthermiore, it
gives a little bit lower solution costs than any existing
approaches.

1. Introduction
BGP [1] is an intcr-Autonomous System  routing
protocol. An autonomous system is a network or group of
networks under 3 common administration and with
common routing policies.

The Single Ecress Selection (SES) and Multiple
Cgress Selection (MES) problems are proved 10 be NP-
Hard in [2). One of the existing solutions for SES
problem, known as SES Heuristic (2], is proposed based
-on linear programming (LP) relaxation with heuristic
algorithm to round the fractional solution from LP to the
nearby integers. Another solution known as MPPF_SES
(Most Popular Prefix First) is proposed in [3]. Another
solution is BTF (Biggest Traffic First) algorithm [3]. It
choos=s the egress point based on the volume of traffic,
where the highest traffic volume is selected first.

This paper proposes a new and altemative
solution to the SES problem. Qur solution is based on the
Genetic algorithm, where the crossover and mutation
Steps are combined with heuristic algorithm. We call our
algorithm “Heuristic and Genetic Algorithm for SES” or
(HGA_SES).

2. Genetic Algorithm for SES

The SES problem formation is based on [2] and [3). The
assumption of intra-domain links in local AS are infinity
bandwidth but edge links that connect to other ASes are
limited with less bandwidth capacities. Edge links
ionality are transit traffic both direction. Links
between ASes have high cost to the ISP, so we should
utilize those edge links to the highest efficiency. The

olation of variables are explained in (3]
Genetic algorithms have been used widely in
Starching and optimization, such as finding the maximum
O minimum of a function over some domajn space. In

- 1425 -

this paper, we applied the GA and heuristic to SES
problem. The objective is to find the optimum solution
cost, which il is the results of traffic volumes multiply
with internal distance cost between ingress border router
and egress border router. For BGP route selection, it will
select the egress edge link for each destination prefix to
transit the traffic which it has more than one to egress
edge link in selection processes. But the constraint of
SES problem is only one egress edge link selection for
each destination prefix. Another constraint is every traffic
volime must be able 1o be transited to each destination
prefix. Finally, the capacity constraint ensures that the
bandwidth requirement of traffic assigned fo each edge
link do not exceed its capacity.

3. Heuristic GA for SES
The Heuristic Genetic Algorithm for SES problem. It can
improve the quality of the solution cost by using the
heuristic crossover and mutation. The HGA_SES
algorithm is shown in Figure 1.

HGA_SES Algorithm
I: generate cb
2:GEN=0D
3 repeat
;. compute fitness value of each chromosome
select chromosome tn mating ppal
Hevristic Crossover
Heuristic Mutation
New chromosome
9: GEN=GEN+1
10: until GEN < MAXGEN
11z end

by randomization.

4

panp

Fig. | The HIGA_SES algorithm

In Figure 1, the HGA_SES starts the first
generation of chromosomes by randomization possible
solutions without considering the solution cost, but
constraints must be satisfied. Line 2 we initialize the
peneration variable (GEN). Next, a main loop of
algorithm begins at line 3. Line 4, the chromosomes were
computed the fitness velue of each chromosome from Eq.
(1)- Line 5, it selects the chromosomes fom mating pool
based on fitness values. Line 6 and 7, the chromosomes
were performed heuristic crossover and mutation, Line 8,
the combination of results from crossovers, mutations
and old chromosomes are the new chromosome for the
next generation, Finally, it repeat line 3 to 10 unti) the
generation numbers (GEN) are excess rpaximum
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generation numbers (MAXGEN) or all of chromosomes
in the generation having the same cost.

4.1 Heuristic Crossover

" The Heuristic crossover was modified from the
SGA crossover which has the objective 10 find lower
solution cost than prent chromosomes. It does not select
a random prefix 1o Jo crossover but it tests to crossover
all prefixes on the parent chromosomes. The position
(prefix) -on the chromosome that gives the lowest cost
afier doing all the crossovers will be selected as a child
chromosome. See |2 for more detail, ‘

4.2 Heuristic Mutation

The heuristic mutation is randomization of
destination prefix tc be mutated, A frer selected the prefix,
it will check all egress edge links that able to tansit
traffic to destination prefix to find the solution cost for
each egress edge link. Finally, it will select the Jowest
solution cost of checked egress edge link that satisfied
capacity constraint,

5. Experimental Results
We set up network: model fcr SES problem using the
Same parameters a~ same as [3]. For our GA parameters,
the numbers of population was chosen to be 20. We also
varied this parameter as well. But results showed that at
population size of 20 gave good performance while the
size is not big.

We gencrue different 100 nenwork topologies
and assume the capacities of edee links are equal. The
egress edge capacities start at 100 to 500, We run each
topology 100 times to find average solution cost.

We compared with our proposed HGA_SES
algorithm with other known existing algorithms such as
BTF (Biggest Traffic First) and MPPF (Most Popular
Prefix First). Another existing algorithm which has not
been compared in our simulation is called Rounding_SES
[2] [3]). But simulation resuits from [3) already showed
that MPPF can find much more feasible solution when
capacity constraint is very strict than the Rounding_SES,
though its cost is a litile bit higher. However es siated in
[3] that if an algorithm cannot send 100% of the offered
trafTic, it is in general not meaningful to compare solution
cost.

T “ w»  w = W osm ow
Ex s Edge Copaciy
Fig. 2 Percentage of traffic sent in the SES enviromnent
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Figure 1 shows the percentage of total traffic

‘that is successfully semt against. the capacity of each

egress link. If the result is 100%, it means that we can
find all the traffic can be transited. The HGA found the
100% of feasible solution where the egress capacity is
only ut 162, while the MPPF and BTF are at 254 and 523
respectively. So our HGA gives 36% hetter performance
when compared with MPPF.
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i ey
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Epeas toga Copacy
Fig. 2 Normalized solution cost in the SES cnvironment

Another parameter to be compared is the total
cost used by each algorithm which is shown Figure 2,
The graph in Figure 2 is normalized with the total cost
when edge link capacity has no effect to any algorithm.
In 100 topologies were compared the solution cost, Some
algorithm may be found or not found the solution cost.
So we compare the solution cost when 2 algorithms can
find it. In Figure 8, the HGA shows to have a little bit
lower cost (0.01%) than the MPPF algorithm.

-5. Conclusions

in this paper, we apply the GA with heuristic crossover
and mutation to Singlc Egress Route Selection problem,
which was proved to be 2 NP-hard problem, Results from
the simulation shows that our algorithm able to fis
feasible solution greater than MPPF 36%. In future work,
we will develop the GA with hewristic algorithm with
MES problem.,
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