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Abstract

In this paper, an improved genetic algorithm is
presented to solve the multicast routing problem,
which is known as NP-complete problem. The
contribution of this work includes: (1) the adaptive
niche technique and new migration rules are designed
to improve the performance of genetic algorithm. (2)
In order to fulfill the adaptability of the basic
operators of genetic algorithm, the artificial immune
system is involved to dynamically control the
crossover operator and the mutation operator. (3) A
tree encoding based on the theory of generating the
spanning tree is proposed to map the solution space of
the multicast tree of QoS multicast routing problem,
which basic definitions and axioms of the topology are
described especially the character of spanning tree
and the nature of the cut edge and cut set of a tree.
Experiment result shows that this improved genetic
algorithm has higher accuracy and performance than
traditional methods.

Key words: genetic algorithm, QoS multicast routing,

tree encoding.

1. Introduction

With the expansion of the scale of the Internet, the
quantity of the real time transactions over the Internet
is increasing gradually. Since the real-time transaction
is sensitive to the characteristic of the Internet such as
delay, jitter of delay, bandwidth and cost, when some
paroxysmal transactions are transmitted through the
Internet such as FTP, HTTP service, network video
meetings and remote learning etc, the quality of the
real time transaction would be influenced. Quality of
Service (QoS) will guarantee the communication
quality of the real-time transactions over the Internet.

The emergence of the real-time transaction brings
great changes to the character and requirement of the
network service and the scale of the multicast group
[12]. To meet such a requirement, multicasting tree

should be involved to fulfill multicast. Multicast tree is
a spanning tree that covers all of the members of the
multicast group. There are two advantages for
multicast tree: firstly the information is parallel sent to
the members of the group along the branches, by
which the delay is reduced; secondly the information
ready to be replicated at the nodes is reduced as well.

Usually there are two kinds of multicast tree, source
tree [9] and share tree [10]. The source tree is a simple
directed tree with a specific root. The share tree is an
undirected tree without root. For multicast routing, a
share tree covers the sources and destinations of the
network without pointing out the root of the tree.
Every source node of the network could be regarded as
the root of the share tree, which will serve as a source
tree and make available multicast.

Hence the QoS multicast routing problem is to
locate a share tree of topological structure of the
network considering the minimization of cost, delay,
jitter of delay and the constraint of the delay and jitter.
This is known as NP-Complete [7] problem.

In this paper an improved Genetic Algorithm is
presented to solve the multi- objective optimization
problem. Firstly, the Niche technique is utilized. [8] are
some relative works Traditional GA for searching the
solution of multi-peak-value function[15] is apt to
obtain local optimal solution. But with the help of
niche the global optimal solution would be found.
Secondly migration rules are introduced. [13][14][15]
all apply the conception of migration. Our migration
rules is designed for colony whose size is not constant.
There are two types of basic operations: immigrate and
emigrate. Actually the migration rules provide an
approach for communication among colonies and offer
a competitive mechanism. Migration rule is significant
for GA in that the dynamic-scale niche with such
competitive factor will accelerate the rate of
convergence. Thirdly, immune system is involved.
Immune system will produce various antigens that
guarantee the variety of the individuals and prevent the
result of evolution from getting into local optimization,
And the metabolism mechanism of the immune system
maintains the balance of the whole colony by
inhibition and activation among antigens. Analogously
the improved GA utilizes the metabolism mechanism
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to enhance the ability of local search according to the
density of individuals in the whole colony.

Finally, the most significant contribution of our
improved generic algorithm is that we here present
coding method based on the construction rule of the
spanning tree along with the crossover operator and
mutation operator based on the topological
characteristic of the spanning tree according to several
definitions and axioms which will be introduced later.

The paper is organized as follows: The mathematic
model and network model of QoS multicast routing
problem are described in Section2. In Section 3 we
gives the improved generic algorithm and its
implementation, In Section 4, a tree based
chromosome is introduced, In Section 5 with
experiment results, the improved generic algorithm is
compared with the traditional generic algorithm.

2. QOS Multicast routing problem

2.1. Mathematic model

Let the network G = (V.E,W(P)),V is the set
vertexes which represent the routes or sub-networks. E
is the set of edges, which represent the links of the
network. The weight of the edges W(P) represents the
cost and delay of the link. Given a set of source nodes
SV, a set of destination nodes DcV , for
Vse S, a minimized multicast tree 7 — G under the
QoS constraint, and T covers S and D, i.e. SUDcV,.

Multicast Routing Multi-Objective  Constraint
Model (MOCM) is as follows.

1'71:1;1(1;1 cost — E ecEy COSI(@)

Delay(s,d)= Zee Pathis.d) delay(e)

I}lcl(l} S = ESES zdéD Delay(s,d)

25 2y Delay(s,d) < A

Jitter(s,d,,d,) = ‘Delay(s, d,)— Delay(s,d, )‘
ZSGS Zdlez) zdzeDjiller(s, d,d,)<t

D S = D 2oy g J01(5: )

where T is a sub-tree of G, Path[s, d] is a unique
shortest path from s to d; Cost(e) is the cost of e,
delay(e) is the delay of e, Delay(s, d) is the total delay
of all nodes along the path[s, d], Jitteks,d,,d,)is the
delay jitter between two paths: s> d, and
s> d,- Aand T are allowable delay and allowable
delay jitter. The delay and delay jitter are both
regarded as objective. By introducing factors to every
objective, the MOCM can be converted to a single
objective programming problem:

Single Objective Programming Model (SOPM):

I}:gg 8= ﬂ’cosl cost + ﬂdelay f delay + ﬂ’dislort f distort
fdelay SAA fa’istort =7

Further, by involving punishment factors the SOPM
equates to a single objective non-constraint problem
(SONC):

mln g= ﬂ’cosl cost 2‘d?lay Pde[ay (fdelay) 0 ﬂdixmrl Pdislorl (fdismrt)

TcG

where the punishment functions are expected to
reduce g intensively while the delay or delay jitter

overflows. The design of punishment function (PF) is:

1+ ™ (fy > )
fdelay s (fdelay < A)

(1 + ﬂ) Jasr > (fdi:lort > T)
fde[ay H (fdi:lort < T)

Finally the simultaneous equation of SONC and PF
is the ultimate model.

PdeIay (f delay) = {

[)dismrt (f dixturr) = {

2.2. Simulation parameter

The simulation of network adopts the Wasman’s
method [17], i.e., any edge between i and j is produced
randomly according to the distance:

—d(i.j)

Pi,j ::Be o

The cost and delay of the edge are defined as
follow.

cost(ij) - {d(m) = o =%+ =2 )i (G ) e E)
oo, if (i, /) & E)

¢*d(, j),if (G, ) € E)

oo, if ((i, /) € E)

¢ is a random number ranged from 0 to 1.

By adjusting a and P, we make sure the possibility
of existence of short edges is higher than that of long
edges and the average degree of nodes ranges from 4
to 6.

In this paper an ATM network of 20 terminals
covering 4000m*2000m area is simulated. Hereinto
a=0.5, p=0.8, ¢ =0.2.Assuming that the topology
produced is a complete graph G(V, E, W), if W(cost,
delay)=(e,o ), the weight of edge is replaced by a
very large number, in addition, the source nodes set
and the destination nodes set are produced randomly
and the total number of source nodes and destination
nodes take up 25% of the nodes of the network..

delay(i, j) = {
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3. Design of improved generic algorithm

The improved generic algorithm CGA includes
three parts, i.e. niche, migration, immunity and
encoding.

3.1.Niche

colony

tendency of
: =migration  §

first step:
choose
emigrants

'!4—— scale=n/(0.1*emmi}) — =

possibility:
plil=r(avalil)

second step:
roullete objective

CGA adopts isolated niches based on dynamic scale:
every colony evolves separately and has the same
quantity of individuals when initialized. The average
fitness (avgFit) of each single colony serves as the
criterion of evaluation. There are two types of
competition among colonies: firstly the colonies
compete for copulatory pool, which determines the
size of the next generation of a certain colony:

colony

tendency of

emigratio/nf

possibility:

ibility:
Possiilibe pIkl=r (avaikn

plil=riavalil)

i Irmtmicr st io - imrmigr tio] Immigratio
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l (]
n
i
i
H
| 4—— scale —»
_ L =N/ (0.1 * immi)
third step:
eliminate
candidates
colony, average fitness is avg coleny
EE
irnmigration candidats immigration candidsats
wihase fitness = bhigger “whose fitness 1= smaller - >

than avg than avg

repatriate

Figure 1. Migration mechanism

The evolution factor is defined as follows.

k= avgFit- max- 2*min

avg + max— 2 *min

max and min is the maximal and minimal average fitness of
all colonies, avg is the average fitness of all individuals of one
generation. The evolution factor k plays a primary role in
calculating the size of copulatory pool.

Pool_size =k* Q *scale

0 is an influencing factor ranged from 1 to 1.3 (with the
crossover rate which is approximately 0.9 the general scale of
the whole generation will be relatively constant), scale is the
size of the colony. Pool size is the scale of the copulatory pool
of the next generation of the colony.

The second type of competition is migration:

3.2. Migration rules

Migration rule provides a competition mechanism among
colonies.
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The three principles are the outline of the migration rules
adopted by CGA

Firstly rule of emigration:

The first step of emigration is to find out individuals who
are tended to emigrate.

emmi = 0.1 /k  (k is the evaluation factor that has been
mentioned above)

then n( = emmi * scale) individuals of a certain colony are
willing to emigrate.

The next step is to determine the destiny of each emigrant in
every colony. A roulette of colonies is involved to choose the
destiny of the emigrants.

Secondly, immigration rule:

immi = 0.1%k

then m( = immi * scale) emigrants are allowed by a certain
colony.

Fig. 1 above shows the integral migration rule.
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3.3.Immune system

Generally speaking what CGA utilizes is inhibition and
elimination of antibody. In CGA, both the crossover operator
and mutation operator adopt the immune system.

Firstly CGA calculates the distance of the antigen and
antibody: d=Distance (antigen, antibody), if d < alpha * L
(alpha is a metabolism factor, L is the length of the antigen),
then the crossover possibility is:

crossover = C)‘HSSOV@V_ ﬁ
Then CGA calculates the immune density within the whole
colony:

&< 1=D (i)
a-EE L

L*L

It represents the density of similar individuals, more
mutation operations should be done to guarantee the variety if
d is very high:

Pmululwn = dA

Adjust A to make sure that the possibility of mutation
range from 0 to 1, for CGA, the possibility of mutation is
stabilized around 0.03.

3.4.The model of CGA

After every improvement is described, the architecture of
the CGA can be established:

CGA System model

Niche system

evaluation

scale migration
console =T system T sygtem r

immigration

/ A
/ s Yy

for colony

roulette miar;

for inuiviuua‘

crossover reproduction miutation
operator operator J operator

operator =
[ T
]
| | i
H immune system 1
encode/decode
relation of inclusion objective dependancy cooperation

Figure 2. Architecture of CGA

4. Utilizing CGA to solve QOS multicast outing
problem

Hitherto a integral architecture of CGA is well established,
and the most essential for CGA to solve QoS multicast routing
problem is the encoding method.

4.1.Basic definition and axioms of topology

Suppose that the readers are familiar with the fundamental
definitions and characters of topology, and only a few
definitions should be explained.

Definition 1. Cut edge, e is one of the edges of G, if
G =G- e, the number of connection branches increase, i.c.,
theneisacut edge of G

Definition 2: Distance between trees, assuming t1 and t2 are
two spanning tree of G, there are k edges of tl that do not
belong to t2 and the distance between t1 and t2 is d(t1,t2)=k.
Of course d(t2, t1)=k.

Definition 3: Basic transformation of tree, Assuming tl, t2
are two trees of G, and the d(tl, t2)=1, so t1-t2=(e), t2-t1=(e).
Then 2=t1®(e,e)=t1—(e)+(e) is the basic
transformation from t1 to t2.

Definition 4: Basic cut set, Assuming T is a spanning tree of
G, e is an edge of T, and e is an cut edge of T. Then define a
edges set S, cE, ifvseS,, T, =T®(es), T is still a
spanning tree of G, then g is a basic cut set of T.

Definition 5: The construction of spanning tree, generally,
for any spanning tree belongs to G: 7, =(ee,....e, ), there is

le,€ S, At €T ney #e,k<n}

and this is the construction rule of spanning tree.
Axiom 1: For any spanning tree t of G, if t’ is another
spanning tree of G, then:

n—1
t' c UTeleZ ...... e
k=1

Hitherto, the 1 axiom, along with 5 definitions are the
fundamental mathematic theory of tree encoding of CGA and
provide foundations for crossover operator, mutation operator.

4.2. Tree encoding

Firstly a linear tree tO0 which every node is arranged one by
one according to the serial number will be built up. We call t0
original tree, for example(t0->t1->...120).
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To obtain any spanning tree within the solution space which
have n"* different solutions, according to axiom 1, any
spanning tree of the complete graph can be built up by a series
of basic transformation of tree from original tree t0. The
distance k is a random number. Fig 3 shows the procedure of
construction:

According to the nature of spanning tree and cut set, the
spanning tree constructed after basic transformation of tree
was perfectly mapped to the whole solution space, and no
invalid chromosome would be built up. The times of basic
transformation of tree range from 10 to 20, so that the trees
initialized would not be too close to original tree t0.

Original tree tO

Tf-mn+m'n' ‘ l

Father's chromosome

AN

1
Remove = : i

Add

Intersection of
S_mn and Tm

. \
Incisal set of Tf in Kn

- according to mn

’I

- ¥ -~

! K4

E [ Choose an edge randomly H

Mother's chromosome

m

+ L
Delete an incisal
edge e randoml Y
\
\ 'I/x/ Circulate for ktimes, kis the position of crossover operator
X ;
(ﬂ \\~1 Figure 4. Crossover operator
N T _e(k-1) .
Mo L et 4.4. Mutation operator
T_e(k)
) The operation mechanism of mutation operator is the same
Clrc_ulale for N . . .
Basic rumanol as initializing a spanning tree, however the mutation operator
tnsert an incisal SR janaaLmalle, does not apply basic transformation of tree from a original tree
edge e randamly . . .
instead, a random tree. And the distance between 2 trees is 1
for mutation operation rather than a random number for

initializing a tree from t0.

!

tN, the distance between
tNand t0 is N

5. Implementation and evaluation

We discussed the strategy of improvement, procedure of
algorithm and the technique of tree encoding, then let us see
the experimental result of the CGA for QoS multicast routing:

The parameter mentioned in the model SONC and PF is:

After initializing a tree, how does the crossover operator a = 0.000065 B = 0.000024 A = 200000 7 = 600000
work? Fig 4 illustrates the principle of crossover operator. { A = 09 A, = 0.08 A, = 0.02

The times of circulation k is randomly generated, such a
crossover operator based on the technique of the construction
of spanning tree maintains the optimal sub-structure of the
father, the size of which is N-k while the other k edges is the
optimal structure of the mother. And the mapping relationship
will not be destroyed due to the nature of cut set of tree. “1 e
Likewise no invalid solution will be generated. The
mathematic language of the crossover operator is:

Assuming ¢ P is the gene of father, and 7, is the gene of
the mother, a certain circulation of crossover operator can be
represented as:

Figure 3. Initialize a tree

4.3.Crossover Operator

For convergency:
Case 1: 20 nodes of networks including 2 sources and 3
destinations

Xt ®(ee) et nee(S,(t,)t,) ?

Figure 5. CGA(150 gens) Figure 6. GA(100 gens)

if k=x, then the gene of the child: ¢ = x~*.

In addition the proposition: (s (,/k)h,m) +@ can be proved
by reduction to absurdity according to the characteristic of
spanning tree.

Case 2: 30 nodes of networks including 3 sources and 4
destinations
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....................................... 5 ]

Figure 7. CGA (150 gens) Figure 8. GA (100 gens)

From Fig. 5 to 8, the curve at the top is the maximal fitness
of each generation and the curve at the bottom is the minimal
fitness of each generation and the curve in the middle is the
average fitness of each generation. The curve has been scaled
with the program to fit the screen, so the coordinates of two
separate cases are different.

The traditional GA has a relatively fast rate of convergence,
and the convergence rate of CGA is moderate, however
traditional GA 1is rapidly entrapped into a local optimal
solution and converge at the 50™ generation, in comparison,
CGA cost more evolution time to court a better solution. The
main difference between the two algorithms is shown in fig 9:

Fitness

Y

Generations

Figure 9. Comparison of GA and CGA

6. Conclusion

In this study, an improved GA called CGA was introduced
to solve the cost-delay- jitter QoS multicast routing problem
which is known as NP-complete problem. The niche technique,
migration rule and the immune system is designed to improve
the performance of the algorithm including convergence and
accuracy, and a tree based encoding is put forward to map the
solution space.

The operation of tree structured encoding used by CGA is
very costly in that the storage structure of tree is relatively
huge and the complexity of locating edges and constructing
new trees is very high, the further work should be done to
optimize the algorithm about topological operation such as
basic tree transformation. In addition other heuristic GA
should be engaged to compare with CGA.

All of the experimental result is obtained by over 2000
lines C++ code under the environment tool of Visual
Studio.NET 2005 Beta 1.
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