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An Efficient Online Algorithm for Load Balancing in Software Defined
Networks Based on Efficiency Range
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Abstract: Due to the limitation of individual controller’s processing capacity in large-scale complex Software
Defined Networks (SDN), an efficient online algorithm for load balancing among controllers based on efficiency
range is proposed to improve load balancing among controllers and reduce the propagation delay between a
controller and the switch. In the initial static network, the initial set of controllers is selected by a greedy
algorithm, then M improved Minimum Spanning Trees (MST) rooted at the initial set of controllers are
constructed, so initial M subnets with load balancing are determined. With the dynamic changes of load, for the
purpose of making the controller work within efficiency range at any time, several switches in different subnets
are reassigned by Breadth First Search (BFS). The initial set of controllers is updated for minimizing
propagation delay in the algorithms’ last step. The algorithm is based on the connectivity of intra-domain and
inter-domain. Simulation results show that the proposed algorithms not only guarantee the load balancing
among controllers, but also guarantee the lower propagation delay. As to compare to PSA algorithm, optimized

K-Means algorithm, etc., it can make Network Load Balancing Index (NLBI) averagely increase by 40.65%.
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2 TR ERERE

2.1 RGER

SDNM T H L H B G = (V,E) %N,
nRAT RN, VERTRES, ERRATAIE
WWES, DRRTVWRENES, KM% E,

CHRRFBEHEBES, FMWinl H LM ESN,=

(SV, SE;) £~ o L& 146 BT 75 45 il 28 A~ Bom 7T B

BTN TR N IR Ze n AT SR IR B 1 SR 2 Al B4
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D ={|D1|,|Ds|,---, |Dil}, C=A{Ci, Cy,---, Cj},
i=1,2,-,n,j=1,2,---,m (1)

Usvi= v svinsv, =g, | JSE = E,
i=1 i=1
SEiﬂSE]‘IQ,Vi#j,i,j:1,2,“',’)’)7, (2)

X,; = {1|SV, =68 C/EH, SV, € V, C; € C},
ZXi*j:17Z':1?2)"'an (3)
=1

XE)FRTMEEAESH WAL, X(Q3)
FRATHA 5 1 i i 18] — X — e

E X1 iEKEIE (Request Delays of Trans-
mission, RDT): 7R HALj m] 42 il #5425
DV SR ISR e B RS AE BRI AR T A AR
RIS AL T 5 AR5 B d, ;B B, TR oR B iR
25 HARTT S HEBA N A8, T3 75 i) 25 0) 2
PRI BEAT AL PRI~ Y AL R A AE, R MG i SR I ZE R 3R
RN

RDT,;=2x D (Tu+ 1)+ 1T,

UELVEY

7;:1’2)"'5n7j:1727"'7m (4)

EX2 BN ETEREIE(Total Request
Delays of Transmission, TRDT): ll/rM % )5, Al
FRIBOAN 22 A1 428 il 8 R SR I IERDT, ;2 FH R
TR N B SR I ZETRD T, TRDT, A RoR N

TRDT,; = »  RDT,;i=1,2,--,m (5)
jESV,

ENX3 BN A (Weight of the minimum
spanning tree, AR W ): 1 fUEE AT DS B A5
() B R DA S B %1 TR B, Y R ]
0 B R /N AT DL e e FL kAT A5 B AT e K HE 2 AR B
SR 7 B2 571 1) R O AH - EEE E SO AR
MW ARSCR A Prim 8 A s 1 B A

B o
2 x max(D)
Wij=—F—"+"
! D;+ D
Hordr, D5 Do 8 s 571 15 B R
EX4 JAHELEE (Local Density, LD): H
TRRT BN HARE AR SRR, WAKE
FAHART RS NUNS,, W R R R LD, 5

X di,jaivj:1727"‘7n (6)
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LD; = i=1,2,-n (7)
2% > T;+[NSi|x T,
JENS;
EX5 M # Y fE b5 (Network Load

Balancing Index, NLBI): 4% )5, T M
il #% 11 2 (Load Capacity of Controller, LCC)H 3
PRI I N S HALIE SR B M, W] e A) i
R AN g /N A7 38R B AR TE SCISF B ¢ P ) 1P 8% 471 3%
B ARARNLBYY, SEbr TAEH, #5451 335 i 48
FRNLBI#EUT 11, WU 28500 T 5 23547 5 A o

t
NLBIt:M7i7j:1727”'7n (8)
min(LCCY)
XF T A R A g, R KA AR 7T (Max-

imum Load Capacity of Controller, MLCC)f [R
HARR, S2brTAEr, a8 AR TAELE R
WAL VP, B TAEERERXE o x MLCC,
B x MLCC| W, JE PRIAE T #2 il &% S IR T R X
[E1 NS 5 W VS B S UK (AP | =1L N
i g S A e T AR X T b PR 2 e R AT s R U
BN, PR RGN R R, o, ol
LY IRFE A T

BT DA b o % 7 A 8 1 R A R Y B SR
WE, S IR LY TR 22 478 ) 2 2 ) R RT LA
F-ANEEWETE, HHEU RN, N
B, P RAEE ST AT A R A M R A T ¢
Min Fy(V, E) = u x (NLBI' — 1)

+vx Y TRDT!

: (9)
=1
p+r=10<pr<l (10)
s.t. maX(Lh;j) >1,4,7=1,2,---,m (11)
max( Tz",j) < Thax i,y =1,2-n (12)
a x MLCC < LCC! < g x MLCC,
0<a,B<1l,i=1,2,---,m (13)

FEAE R BR LA, Lhj ;o £ 1 454 55 12 1 45
J AR BE R B A, T2 (11) B AR = ek ) £
Frgeam s 20(12) 27 0 25 AF 279 A5 A) A% R IS 28 /)N
T K 0V R AE () R(13) B
we N TARFERCRIX ] A -
3 iTHIREMEE

LR LPTR, AR SCHR M AT MAZ L (Initial
M Control Domains Selection, IMCDS) %% H1

Mz #1353 % (M Control Domains Adjustment,
M-CDA) &%,
3.1 #MIRFRSIER

RAER(1) K@) K6)FK(7), 2 HlFiET
MEBAHAD, 5 riE RN SRR, A
W B il B AR FE R ID . 045 il 2% e K 7 3k R
JIMLCC B Bz i (8] Wi AR 271 IR R, W4R
A 13 (OL) 40.85 x MLCC!) . HIaa M4 il 3k
PERPOPBRINR PR . MRS STHR[13]0 € W46 BT ifs
FEHlAREH MDY, B, RAZTL B E
A (1) R R KK SE N E A
e Crs () AFAEZ A RIRY Y R, k%
JRi 8 A BB e e BT AR i AN AR O, B
CyMANIIGEEHI B S ICon (P HR2), 1 W 2
A (1) L2 T, RAPrim&E Lz 8
CL MY R, WRIEAMHE W, W3RN
P T8 (O L) B BSCHE A AN 1) f5e /N A B (21 3%3)
RIS BN IS, X Qa1 AT hrid (O
R4y Hk, R A(14) MARB AR 17 5 a4
W 28 P, fse KB 5T AR o I #E ) 4 Cr, X (14)

=1 FEMITHIEER R RSE

B3R WIIAMARSIEIE R 5% (IMCDS)

HWiN: G=(V,E),f,MLCC, T, W,D,ID,
{Flag, Temp, ICon, IS} = &

Hiti: ICon,IS

Vi
MMy f,,/OL, OL = 0.85 x MLCC;
(2) ICon « (4, € € {max(D) Nmax(ID)};
(3) Adopt Prim(Cy, W,0OL) to construct first improved MST
based #(11) and #(12);
(4) Update ISy, Flag; « 1, Temp « 1;
(5) do
(6) ICon « C; C; € {Flag; = 0 N furthest from IConN
max(D) Nmax(ID),i=1,---,n};
(7)  Adopt Prim(C;, W,OL) to construct improved MST
based on #(11) and #(12);
(8) Update IS;, Flag; < 1, Temp « Temp + 1;
(9) while Temp > M, the network has been divided into M
domains;
(10) if there are nodes has not been selected do
(11)  Add nodes to one closest improved MST by BFS based
on I(11) and #(12);
(12)  Update IS,Flag « 1;
(13) end if
(14) Update centroids ICon = {C, Cs, -+, Cyr} based on the
sum of the shortest distance from all switches in IS; to
new controller C; is minimized;
(15) Output ICon, IS.




31

SAKREE B RE S 4 I TR X TR S B R 2 A i 697

D o o R £ I R B 2
i S A B B 2R, DA P R
B, LD FORE iR, R LR
AN B ORI B BRI B BT R, B
A MR ECHE AR A Y (85 525 39
BT SRR, T O S A H A B
BESLIR (00 R, BT BRI
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(HPELL), EHAIGIRAS T T 504

> di

p — j€ICon % Di % LDL
' |ICon| max(D)  max(LD)’
i=1,2,-n (14)

IMCDS 53R 2 175 U A R 3 2 4R 1Y
SIS W= R R Dl = R N bl o A = S 1L Bvivt & £
il 2% BRI T K B R PR ) 28 FIA AR L, kb
TAERERTRE; SRAE TR WA, R
£ 34 F8 b 1 50k 900 BV 0 a2 R 4 5 o B AL
B, OB T A I S B8ORS N R
Mo SR Prim &0y A B M R 73 B K AL 773
(OL) Wy RN B/ NAE BB, A Fid Ea 5
AU T ARFR L BT AR I BE B R IR T
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KF W P TR IR AE, T 8T 251 I N 4 1) 2 AL B
BE— b TAERIFLE, R MAS T W ) T SR
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1, BUGRAIE 7 W3 (] 3%, SR FH f /N A O A2 T
W53 A AT DAGRAIE S XS 38, U MAS - R G 2
TRERE@E. XFAETM, HARLREnT
AL # (OL), PRIEIMCDSH % Al LAAE i k9 2% 1
IR bR I T LT 4 A

EIE1  IMCDSHIE PN 8] 54 N O(n?) »

WERR THE R R EHID, RS Py AT
) 18 3K I 4E 5E B R AR Y 5B BE W IR I TE] 3 R
O(n?), FEEE AT W S5 /N A2 OB 111 24 B 1] Sy
O(|V|?/M?), FRitT BB RN O(n) ;s HiLkES
M — 1R B A] R o ) 4 X3, % o B R ]
O(M —1)x (|VI?/M? 4 n)); T 53618 0 4%
il g5 A0 B B B TR BRI A O(n x n/M) « %5 1,
SRR RIS 2R N
O(n?) + O(|V*/M?) + O(n) + O((M — 1)

X(|V[?/M? 4+ n)) 4+ O(n x n/M) ~ O(n*) (15)

5

3.2 MEHMTEMLIFR

BT Vi W s X A VL < el /i s
i AL R X TR A TRV I, DS A ST SR AE 75 22
HH I I SS AU 5% F DAL 57 SR AT SE 45
bie PR BR IR R DX 1] R N F 28, i AL AL
FXTA) U ORRp ANAR e R0 DX ] ) 92 4 3
ML ) B SE D RN R 2 . B 5E, AL
[ SZ AL & TNS HI T PR ic AR e il Iy B ik
PR TICon I, B R KT ZHALBY, (2
W2 b PR4); He T ER 7 B0 K & i R
R, BEINERE A, F s 0L i
AR RN, WA B R, R
I B 2 P, o 4 sk B B R R R XA R BRavx
MLCC, AT B SE# P WTNS ik £ B 8
WA H R 1Con Il iR IE T RS H LI 4%

* 2 MiTHIEEEEE

B2 MAZHIEIAR L (M-CDA)
fX: G = (V.E), T/, MLCC, (a, §), 1Con, IS, T,
{LS,LCon, TNS} = @
HiH: LCon, LS
1) for all twith 0 <¢< T do
) for each i € M do
) TNS « BV, ;, BV;; € {furthest from
ICon; N max (f,f17 ,ff]) ,j €18}
(4)  end for

N

(
(
(3

(5) for each i € M do

6) if Z;H LC! < a x MLCC do

(7) Add nodes in TNS closest from ICon; to IS; by BFS
based #(11), #(12), H(13);

(8) end if

(9) if Z;H LC! > 8 x MLCC do

(10) Add nodes in IS; furthest from ICon; to TNS by BFS
based #Hi(11), 3 (12), F(13);

(11) end if

(12)  end for

(13)  Compute function
M
F,=px (NLBI' 1) + vx Y _TRDT!
j=1
if F,< F;_1 do

(14)

(15) LS — IS;

(16)  end if

(17) end for

(18) Update centroids ICon = {Cy, Gy, -+, Cyy} based on the
sum of the shortest distance from all switches in LS; to

new controller C; is minimized, LCon «+ ICon;

(19) Output LCon, LS.
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HIREER

O(n) + O(n) + O((n/M) x M) = O(n)  (16)
EEE
4 HEXE

N XEASCHE SRR TG, R E S
R AEMLCCA1800 kflows /sU L b g K fo ViA%
FEIS AL T H40 ms, B BN EHF I HEBA T
ZE T, 2801 mslOTDL K F i) 35 1) 35 kb BRI 2E 7,89
0.01 ms!"%, W& Hbrek 2 (9) W 2 51 35 1AL
B p 0.7, 48l S SR EBUE Y 0.3 £EH]

HIE SR EE M50 kflows /s, 3B IE T K2 DLk
BFMEE, A M4HE d Internet OS3E
EFEIMCD S HEAT S U6 LAV I8 W 2% 11 38 2
WA ZE KN, K IMCDS 43 51 3 H F Noel,
Darkstrand %52 NASFE SR ) B SL M h b, o
HVEE % M 28 I B L. B B3NS LA L
T, W T, ¥ A ] P AT 2R X A T T
ORT R= R S Vo iz TR P U e R M B
M nternet OS3E_L#EM-CDA B2 LLVE 2 %R X
E] (o, B)WIE, 2T (v, B) BIAELVE 8 P 28 B 4 K7D,
HKM-CDA 7 51 B T 2 AN AN [R] 8L (1) B 5L 2%
PHAb b CAVE e 25 W 28 th 3R S i 1 Il o 25 X2 3 1S
RBEE B BN R 3T 7R, AR SRS 11 6 42
matlab2016. 4300 AT th - M-CD ALK H 73
A IR TR BRI E 7R, RIAE -3 2% i &
M-CDARFALT A AT AL s 3R Sl 2848
FAOLAL 51 20 5 T2 LR A # AL, dd Ik 4 1) 2% TR
PR EAT 5 B A B 5 O B4 -

& 3 PRI R B B

Mg 4Bk Noel Darkstrand OS3E  Arnes Ntelos Surfnet
REP=¢§ 19 28 34 34 48 50
W 35 31 43 49 61 73

4.1 VEESER

SCES 1 K ASCE H IMCDS 5L R & T Internet
OS3EM 4% I, B8 IF W 2% [ 47 2535 17 17 100 Fl By ZE K
N HHPSARVEIE HZ 2% CHR[11], Optimized
K-Means®H LI H 22 SCHR[5], T 17 AU RO
H%(Greedy) K WMES I 715K : SEFEIE I KIS
RAE R E AN HER G 2 BLAC L, AR UGEREE ek
(071 AR T I ) 28 9F o Bl Ac e, BRI PA
SRR . BB AR ZI LA I R] P IR X AT
BT EE RBCE M50 kflows /s, IR K %
BT MEM N2, 3, 4,5, 6, 7, 8K, sS4 R
WE TR : IMCDS[) 5 35 i s T HoAh &
%, HAT 28 5 B35 R br - 24042 19140.65% . Herh
Optimized K-Means % & X FrifEK-Means5H 1% 1
ook, T R RERE N R R A A, (AT DAY
DR E A E B H bR, B T O N 3
Mg L o BT SUE RO HE (Greedy ) BEHK
RN A, YR TR 2R, K50
N ARt . PSAKILREIET Paretof L 4% il 4%
B, R AR KRR B p kTSR
W, TEM =68, HAAEIERE N SIMCDS
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%3
2.2
@ 50 L Optimized K-means
%M‘ ’ — PSA
1 , .
% Ls | —— IMCDS
= —— Greedy
& 10 F
—T{_ﬁg
& 1.2

1.0

2 3 4 5 6 7 8
TMEE

1 A28 B B L

FHE, HARTEALS, ol 2 T IMCDS.
CPPREUVEIR H SCHR[1], 1% 3CHE H 3 6 48 50
MNEENIESFEFGHR:  Average-Case latency(ACCPP)
M Worst-Case latency(WCCPP), ACCPPE R
BTG OUNT S, RIAZ HATL 7] 428 1] 55 1K1 SR 1P 3 i
IMEFERTLE, WCCPPRIN BN IG I ZE, HPAZ e
L Iea) 428 1) 25 R 18 SR IR e KA SR IS AE . S0 45 S
K2fR: 1T MEMN2, 3,4, 5,6, 7, 8,
IMCDS 1P SE 82T ACCPP, i/ WCCPP,
H T CPPREIEAN JEAL RIS (B 545, T AN R A 4%
THOL, IR P f i i S B B i, AR AR
DX 35l T Ja8 4 o) 8 R S e MM A IR R, i DA IR 2 2
M = 21}, IMCDS5ACCPPZEEA K, 42.33 ms,
HARAE L Z{HI/NT1 ms.

30 F —— IMCDS
7 —— ACCPP
E BT - WCCPP
g 20
E
+-
% 15 ;
o
& 10F

5

0

T2 H
2 £S5 I SE 15 L

SCIE 2 WEASCEVERENS) 2 N T AR
TIP3 $h o A IMCDSE V537 B+ 2 A H
FRA LI Ih b, TR & 2% S B I . IR
X 287 BN B IR B Noel Fll Darkstrand 55 B 52 M
Wi I LE RUNRAFTR: FEA R R 2% 4
IR FIMCDXRI 7 25 J5 5 25 X 25 47 38 i T b
NLBI#EIE 11, R W2 B st il R 4f .
H Noel WX 25 1 4015 L S A E 38D, IZETT
BOHG TE T WANEOIE D B 7E8ET, R A S
#, AR AR 4.

4 MaRHSHERT SRR ABHERER

TM&%Er Noel Darkstrand OS3E Arnes Ntelos Surfnet

2 1.05 1.00 1.00 1.00 1.00 1.00
3 1.10 1.07 1.06 1.06 1.00 1.02
4 1.26 1.14 1.06 1.06 1.08 1.04
5 1.05 1.07 1.03 1.18 1.25 1.20
6 1.26 1.06 1.06 1.06 1.13 1.08
7 1.48 1.25 1.03 1.23 1.17 1.12
8 1.52 1.43 1.18 1.41 1.17 1.12

4.2 REMSTRIER

SLI8 3 KA SR HIM-CDA S5 Il &
T Internet OS3EM 4% &4 i #% 7 5 b, B0 UERL
RIX (8] (o, B) AN B X EME XS H A5 R ECF 520, 15
B T=60 min, Bf[EE [t =5 min, 75K 7]
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