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A Combined Heuristic and Genetic Approach to the BGP Route
Configuration Problem
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Abstrack: In this pecer, we proposed a combined
Heuristic and Genetic  Algorithm to determine BGP
routes selection. The main chjective is to discover
feasible solutions that do nut violate the bandwidth
capacity of egress links and at the same time 1y 10
minimize solution cost The results from our simulation
showed that our algorithm discovers more feasible
solutions than existing algorithms especially when
bandwidth capacity of cgress links is low. Furthermore, it
gives a little bit lower solution costs than any existing
approaches.

1. Intreduction
BGP [1] is an inicr-Autonumcus  System  rouling
protocol. An autonemous system is a network or group of
networks under 2 common administration and with
common routing policies.

The Single Egress Selection (SES) and Multiple
Lpress Selection (MLS) problems are proved 10 be NF-
Hard i [2]. One of the existing sclutions for SES
problem, knewn as SES Heuristic (2], is proposed based
on linear programming (LP} relaxation with heuristic
algorithm to round the fractienal 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
chooses the egress point based on the volume of traffic,
where the highest traffic volume is selected first.

This paper proposes a new and alternative
solution to the SES problem. Qur solutien is based on the
Genctic 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-demain links in local AS are infinity
b_andwidlh but edge links that connect to other ASes are
fimited with less bandwidth capacities. Edge Jinks
fonctionality are transit traffic hoth direction. Links
belween ASes have high cost to the ISP, so we should
utifize those edge links to the highest efficiency. The
Notation of variables are explained in [3}

Genetic algorithms have been used widely in
Searching and optimization, such as finding the maxirmum
Or minimum of a function over some domajn space. In
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this paper, we appiied 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 cne to egress
edge link in selection processes. But the constraing of
SES problem s only one egress edge link selection for
each destination prefix. Another constraint is every traffic
volume must be able to be transited to sach destination
prefix. Finally, the capacity constraint ensures that the
bandwidth requirement of traffic assigned to 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
alegorithm is shown in Figure 1.

HGA_SES Algerithm
1: generate chromosome by randomizatipn.

3

41 comparte fitness value of each chromosome
51 select chromnsome th mating ppol

6. Hewristic Crossover

T:  Heuristic Mutation

8: New chramosome

9: GEN=GEN+1

10: vntil GEN < MAXGEN

11z end

Fig. 1 The 11GA_SES algorithm

[n 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
generation variable (GEM). Next, a main loop of
algorithm begins at line 3. Line 4, the chromasomes were
computed the fitness velue of each chromosome from Eq.
(1). Line 5, it selects the chromosomes oo 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 maximum
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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 to find lower
solution cost than purent chromosomes. It does not select
a randem prefix 1o do crossover but it tests to crossaver
alt prefixes on the parent chromosomes. The position
(prefix) on the chromoseme that gives the lowest cost
after doing all the (rossovers will be selected as a child
chromosome. See {4] for more detail,

4.2 Heuristic Muation

The heuristic mutation is randomization of
destination prefix tc be mutated. After selected the prefix,
it will check all eqress edge links that able to tansi
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 satisfed
capacily constraint.

3. Experimental Results
We set up network: model for SES problem using the
same parameters z« same as [3]. For our GA parameters,
the numbers of population was chosen to be 20. We also
varied this parametsr a5 well. But results showed that at
population size of 20 gave good performance while the
size is not big.

We generze different 100 nenwork topologies
arkl assume the capacities of edwe links are equal, The
epress edge capacities start at 100 to 500. We run each
topelogy 160 times to find average sobution cost.

We compared with our proposed HGA SES
algorithm with other known existing alporithms such as
BTF {Biggest Traffic First) and MPPF (Most Popular
Frefix First). Another existing algorithm which hes not
been compared in our simulation is called Rounding_SES
[2] [3]. But simulaton 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 Iitile bit higher. However as stated in
[3] that if an algorithm cannot send 100% of the offered
traffic, it is in general not meaningful to compare salution
cost.
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Fig. 2 Percentage of traffic sent in the SES environment
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Figure 1 shows the percentage of total traffi
that is successfully sent against the capacity of each
egress link. If the result is 100%, it means that we cap
find ali the traffic can be transited. The HGA found the
[00% of feasible solution where the egress capacity is
only at 162, while the MPPF and BTF are at 254 and $3g
respectively. So our HGA gives 36% better performance
when compared with MPPF.
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Fig, 2 Normalized solution cost in the SES cavironment

Another patameter to he compared is the totat
cost used by each algorithm which is shown Figure 2,
‘The graph in Figure 2 is nomalized with the total cost
whert 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 3 algarithms can
find it In Figure 8, the HGA shows to have a litlle bit

lower cost (0.01%) than the MPPF algerithm.

-§. Conclusions

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