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Abstract- Software Defined Network (SDN) has become a popular model for centralized control and
management in many modern network scenarios. However, for large data centers with hundreds of thousands
of servers and several thousand switches, a single controller mode causes the system to suffer from lack of
scalability and reliability. The use of distributed architecture can improve system performance, but the main
limitation of this work is the static mapping between the switch and the controller, which may lead to load
imbalances in the controllers. The use of multiple controllers distributed in SDN has been used to improve
scalability and reliability, where each controller manages a fixed partition of the network. In the proposed
method, a balanced controller (BalCon) is used as a scheme to dynamic migrate the SDN switch to achieve load
balance between SDN controllers with low migration cost. The decision to migrate is made by the monitor
based on network traffic. To balance load in the software-based network, a staged switch migration strategy is
used and the target controller is selected by the gray wolf algorithm. The results show that the response time of
the proposed method is 13% better than the BalCon method. Also, by increasing the sending rate to 8.33%, the
controller's throughput improves compared to the BalCon method. Therefore, the load balance of the proposed
method has a better performance than previous works.
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Input:  Edge- and node-weighted graphs G(S,£), SDN
subdomains {G1, Gz,....., G}, Controller load L
Output: Switch immigration domain Gi
Switch emigration domain Gn
D={}
For C;i in {C1,..Cm}
If Ci is congested SDN controller in domain Gi

Compute Rgf,g
D=DUR{

avg
Select Rgt,= MAX(D)

Select the subdomain with Rg", as Gn

Adjacent subdomain of Gn is set as B={Gn-1, Gn-2, ..Gn-x}
. Set the initial values of the population size B as grey
wolves Xi (i=1, 2, ..., n), parameter a, maximum number
of iteration, Coefficient Vector A=23a .1, -a, C=2.7,
10: Parameters Initialization

11: Calculate initial population X;(t) randomly

12: Calculate the fitness function of each search agent f(X;)
13: Assign the values for the first, second, third best
solution X, X and X5

14:t=0

15: While (t < Max number of iterations)

16: For each search agent

18: Update the position of wolves:

X+ 1) =X -K.[C. X0 -X, )
Xi(®) + X0 + X5(1)

LN ko E

X(t+1) = 3
19:  End for
20:  Update a, A, and C

21: Calculate the fitness values of all search agents and
grade them

Yy

A=27.7;-7

%)
C=2.5,
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D, = C; X, (1) - X(®), Dg=1C;Xa(®) - X(t)l,

D; =] C3 X5 (1) - X(t)| (%)
X1 (t)=X4(t) - A; Dy,

X;(t)=Xs(t) - A, Dy,

X3(t)=X;(t) - A3 Ds o)
_ X, (1) + X, () + Xa(t

X(t+1)=( (O + X0 + X3(0) e

3
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Function IncreaseCluster(7);
neighbors7 = ComputeNeighborsOfCluster(T);
foreach S; € neighborsT do
if V(S) # 0
newJ =T US;;
savedDensities = [savedDensities; S;,
ensity(newT’)];
io = argl’naxsavedDensities
return T U S?;

1:
2
3
4
5:
6
D
7. Density(newT);
8:

P g e b laoygs saiasplis oS g Ll
Egw el L0gd oo Gy V(S) lgreay el Jlal sl
8 0,99 Y(51) -l L(s1) oo 5 Y(si) Jlo sl g0 Jolt
S Oyloe ol O 1S Al el S e Jll
Al o i > Cog JS olaws L(sp) Y(S)H+ s 0,5
3asb V(s) = 0,51 V(s) = L(sp) - Y(51) ol & ylgo

DAL sgi oo it o S &2l

& y2lae iy 3F dmlire 26

HbpS oS Sy dade 4 5ilre O jgons |; Tales &l ol
aliw] o> 5l eanss J S b aS 590,80 9 &S o Jaie SDN
migrationSize JWll au i g coisS J,uS o b asls i

Oy les sodn 35 Al b oS 4l

1 Function ComputeMigrationAlternatives(T, Cl);
2 “virtual” migrate cluster I’ to SDN controller C from
domain Gl;
If L, < L then
Compute L, , VG, € C;

Compute migrationSize for this new configuration;
Save them in lastAlternatives;

3
4
5
6
7 Return lastAlternatives;

EvaluateMigrationAlternatives alternatives ls , 4 a5 b
3K b oS S oo Sl o] G 5 1, T 00 3R00 oy
wydise a2 i)l ety

poassS J oS (b wSlas ails, J8las 4y - minMax

argmin
alternatives

oauS JpuS )b gaexe yailu, J8las 4 - minSum

2, ben

m€

(max [L¢,, o, LD Y

argmin

v
alternatives AR

YA

22:  Update the positions of Xq, X, and Xs
23 t=t+1
24: End while

25: Select X, in the final iteration as subdomain with Lumin
named Gi

el T 4 golgiiny o] pgo dl> o aS Al

P> al> yo — (oliiny o )5Sl O 4l

Input:  Switch emigration domain Gn, Switch
immigration domain Gi, Old Topology

Output: New Topology With Balanced Load

1: Pn: Set of SDN switches controlled by the congested
SDN controller Cn in domain Gu;

2: A = ComputeStartingSwitchesList(Pn)

3: foreach Si € A do

4. T ={Si};

5: alternatives = alternatives U
ComputeMigrationAlternatives (7°);

6: while 1 do

7 newJ = IncreaseCluster(T);

8: if size(T") > mcs || newT” = T then
9: L break;

10: T =newT;

11: alternatives = alternatives U

ComputeMigrationAlternatives (7°);
12: [ 7]« EvaluateMigrationAlternatives(alternatives);
13: Migrate cluster T7° G, = G,\{ T}, Gi=Gi U { T°}

dsle @l 5 aigs Sl @b 5l ke meig bl o
Al awles ool & >lpe slaas ¥

algs 38l &l — il

i3 1y neighborsT acgase ali ol Tabe> 31 g9,5 L
ol 00l S5 T aslucon SDN slagedgw plod 3l a5 w28 o
IS ET:1(S, S) #0,1(S;, 1 el T a3Licon Si SDN g
e S &S WS o ol | slasluen b e Si) # O
3 sk ailuy 2Slas a1y sadolsl o5l ases (Density)
ol 0,85 p slad olawi 4 LS 4z o ol o IS
t Gl (Jeaiie)

Ysys; e 7165:5))
Sij# Sj

X5 e716SiS) + X s e 15iS)
Si %S SjES\T

his a5 cl ) ped B> gile gSlas ol Lol o
Gl0g)S ddsm> len jo Wb (598 SYlail L SDN slagdguw

Sedisr Jhiie (S5 aboas oaiiS J,uS (e adigS s g
&b cpl 40l oo J oS Slaslbe (LS Sawes 5l L

S gy JU 6l 1, s Ll b oasadlal b,

Density(T") = D)



VE) ol ) ojlad )l

(USCIT) ledbl (5,58 5 p 5 ikl (o2ws5— cole aloes

S50 @y bz o) JS )0 eoleiing wiysNl Ojlagld
Sgugr 3,5 oo sadlive a5 jabylen el sdalye ol 4 Y
by GrodnS JyuS 5l 0aS J5S (n peSTie Sl
P9 Lusu 0 s ,S o s ole Sl A Sas e 1) AUl
&b 5l asl> Bl o 5SS 5 00,55 by g
3 0l JSis il (g5lwosles 9 O plpe sloas, I Al
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argmax - -
alternatives D([Leys s LCICI]’ [Le,s s LCICID

Gds plooj) a5 ol oS Jus ls Ly Leg] L
4 DU, V) &b g 0sdoe 5l osdee ol (SIL I S

Syt e ) £

")

P

Y al> o

E A

parameter a,

Set the initial values of the population size B,

maximum number of iteration,
Coefficient Vector A =27 .77 —7,C =2 .75

Py, : set of SDN switches controlled by the congested SDN controller C,, in domain Gy;
-

A = ComputeStartingSwitchesList(P )

!

SDN subdomains { G, G......, Gadbs

/I-Algc- and node-weighted graphs (A5, £),

/

Controller load L Parameters Initialization

Calculate initial population X, (t) randomly
Calculate the fitness function of each search agent f(X;)

End Of Foreach

foreach S in A _[#

T={8%

3

alternatives = alternatives U ComputeMigrationAlternatives (T7):

Foreach €, in {C,_

Cuil
End Of =

Foreach solution X, Xg and X5

=0

Assign the values for the first, second, third best

» |_End Of While

!

| While True

if C is congested
SDN controller in
domain G,

Nit+1) =

3

Update the position of wolves
X+ 1) =Xpm AT Xpln X

(X + X3 + X300

True

| new?” = IncreaseCluster(T); |

Compute Rji,

Update A, a and C

D=D URE

Calculate the fitness of all search agents and grade them

]

select RU™ — MAX(D)

avg™

Select the subdomain with Rf{!g as G,

r

Update X, Xg and X . t ++

[ 7 =newr:
| alternatives = alternatives U ComputeMigrationAlternatives (7);

¥

| Adjacent subdomain of G is setas B = {G,, G G} |

| select X,, as subdomain with L, named G, |

[T EvaluateMigrationAlternatives(alternatives):
Migrate cluster T G, = Gy, 1T}, G, . Gy U 7}
End

PTEVNNPCI S JEN RNER IS

IncreaseCluster(T)

neighborsT = ComputeNeighborsOfCluster(T); I

End Of Foreach foreach S; in neighborsT

newT =T US;
savedDensities = [savedDensities; S;, Density(newT)];

¥

savedDensities

return T U 5!

| Sin = argmax Density(newT"); |

( ComputeMigrationAlternatives (77, C,) )

return false

True

Compute L¢, , VC, € C;
compute migrationSize for this new configuration;

save them in lastAlternatives;

A A

‘ return lastAlternatives '
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