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Abstract: A strategy of controller placement in software defined networks using the binary
particle swarm optimization is proposed to find the optimal placement scheme of controllers and to
build a logically centralized and physically distributed control plan for the controller placement
problem in SDN. An optimization model is built for the problem, and the optimization goals are
to minimize both the number of controllers and the latency from controllers to switch. The binary
particle reconstruction mechanism is put forward to denote the position of the controller in the
network. A binary particle swarm algorithm is applied to find the set of Pareto optimum for the
problem, from which a strategy of controller placement is provided. Simulation results show that
the proposed algorithm gets the optimal placement strategies with minimum latency for different
number of controllers.

Keywords: controller placement problem; software defined network; binary particle swarm opti-

mization; pareto set

W HY . 2014-11-14,  fEFE@EA: EWE Q98— L. LA MM GEGEZ . B. 4R MLtAaSIH, XEE£WH.
K A RB AL 4 B H (61371087) 5 [ 5 i £ AR M 5T & J& 11K 8 K& W88 B0 H (2013Z2X0302010-003) 5 [# 5K 1= £ R A 75
BRI % B3 H (2014AA01A701,2014 AA01AT06,2014AA01AT07)



68 [ . ]

Ko

R

1 549 &

B 7 X W 4 (software defined network,
SDN) H J5 A7 JaF FA] 14 5% ik 15 o o4 422 1 - Th0 -5 % 2 ~F- T
O3B R T g AR 0 P 4 S B p A T A 2H AR
A B T A S T S TR LR M — S R R
R VA BORE I I 45 3R AL T 4R 7 I R
PR T AT O D 2% HE 10 B 2 A B AL Y B AR R R
(] Fsf 4 Jmy AL P ) Do) 4 5% 548 B T 48— L R T L e RN
i o) 24 45 BN A 400

AR v CHE P TR AT R M R 2, R R N 4%
hHMRAR TR, HilZ RREHE &P il
g3 A 1 O TR 2 R 2K, 40 Onix™ | Hy-
perFlow" ™ &5 , 3 4 [ 4 4044 3 5 #8224 s % 15 45 &)
3 B AN [R) 4 i sl b o B A 2 48 1 S T X 2
AR R HUAL SDN 1 2% F8 28 1) H 22 figp e REL B . % T
25 TE Y I 28 AR b 4 ] A% T IR 2 2 PR A T g
(10 25k R A o) 28 0 5807 T

B PN A0 G T 15 0 5 58 2 A 9 B vk 2 L e A
FESCT AT EE PR AR T B O A A R B A 2 Y
B ALE . SCHRL6 1o SC T 1 18 Bsf 42 70 B I 15 100 Hf
TEPGASFEFR 0 M7 T Internet2 W 2% | Y 42 il % 4K 2
(B R, 3 3 7 5 ] g 0 B LR Oy 2 IR R I TE 24
P28 3 F0 T 3G 4 1 g 0 B0 T DAL i AE DL
LA Y e /N B SO IR A 2 i BRI B
SCHRL7-9 17 A R AR ] SE VR AR ] 228 5
249 B He i fe A0 1 Al DR 7 58 AHAZ D5 ¥ R E 4 8
il 25 A5 O T B E A B X TR BRI
DR 2 b 5 HE AN BB AR 45 ) Hi 13 4 o 2 e . Ik
AR S ZAE KL R A 0 42 o 25 5 2 g, T LA
) IR A 5 25 5 0 265 90 40 T 45 & 00 Bl R KR &
L

T AE BT BE L Ak B (binary particle swarm
optimization, BPSO) Ji& & F ¥ A& 5 68 (1) 4 Jmy Fifi A1
Jo R A R L R BRER R S A 0 4 R R AR ok
TR A WSS R R W S SR A R
AEEFEAI Ao 45 i 8 2 I 8 A T 1) 2 — 4> NP-hard
(non-deterministic polynomial hard) [f] &', &£ H
NN DR g SR )< B (= AR AP X 7
(%) 425 i 75 B B R K B SR Ry — 4 o A
FOT S LSS AL 3 455 1] 4% 0 I 2 A 0 45 ) g
G KN AE R TN VA E AN = T |- A R S
RN AR A AT B AR 4 S O A 4 L O IR B E
il s B0 S R A #E U &8 . B 5 L 1E Internet?2
RN 5 B E R SR AT AT B %R

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

1 7 il 0 30 2 ) AT s A6

T EN MGG GV,E),V EFT A&
LT BB n AV =0, EEV XV Jyi itk
B AU AR R 0 45 B AE 42 ) 4 50 4 IR) A0 AR b
H A A2 22 3 B ) 42 11 25 1) T 359 ) 228 5 /DN DA R A ) 4%
PR AR B R R BN T By AE Sy

_ 1 - .
L, = . ; fpelvgld(v,.s) (D)

P d (o, )RR 0€V BRI & s €V By e
AR . ASCHY H bR T3 2 s E A ST
1S =k k RATRE/NET L, f/N,

XA SRS AC)RREHBZES, |Cl=
CAS)BRZLIMAES, S| =n, B 4HE5HE
ERBHINLE, Vie{SH,V;e{C},x; L OB 1,
1 RIRTELZHM. j BT & LB G, L2 &
NN

BPSO 353 4 HokL 09 B — 4k Mok + )=y 3 5
2 R E AR RR S 180, M EEARERT . & L&
BT X =[ansxnsrsxy oo s, L — T 6l 45
MEITE KT AR TR RN HAAR S
ik B2 LAY A7 H e — 4l 4 B
P o 2 AR — A s, 5 ] g R R R
Ak

min(f, (X)), £, (X)) (2)

FXD) = Dy (3)

£rXD) = 237 (y mind ) 4
j=1 !

S £y (X FT R B £ (X 4 A
8 1 T R B

d(j.i) = >, (6)
q=1
qmaxéha(i’j)/fl(xi) (7)

O G B fEL O 25 1) 5 21 52 42 WL B9 P 2 BE KL S 24
B, R g BRBO W BREE 8% L b, Ol 48 R T AT
KT P ) S 2 B KR

1 45 7R 25 1) R A 20 SR SR R

x; = (0,1} (8)
1< f1(X,) <n (9
f2 (X)) =0 (10)
Vi D, <1 (1)

(8 Fm oy B 0 5 1530 (9) F 77 1 ol 28 i




%563

T 5 R SO 45 vh R AR R A R o 2 S S 69

FE 1 B S B ] B2 A — A 45 1 A% A g
il 1 T PR IE 19 45 BB 8% 1E 8 iz AT (H 2 AR S AT R
H R B — A4 5 5 (10) 2R 32 4 AL ) 3 1 28 19
BFE R T 0520 (1) RRAE B — A5 50 A PIFPR
B AT FBEA A 2%

TEHR 1 Y o0 285 v 8 55 1 4 ol 25 B 5 A 45 L BRORE A
IR, 52 46 B 380 42 1 4% 1Y P 2 AE S 0,

BB Vi.j.j=ib},d;,=d(,i)=0

m’axdj,i =0

(X)) = %ZO —0
i=1

T2 ep B O SRR 1 R SE L
1) 1] 58 1 P 49 P 2 B

B Vi, £ (X)) = 1%2&,, maxd ) —
ji=1 !

LSV = 25 @, >
n = n = =1
KA b, G ERE s e D0, (o) / 1 (XD B KAE .

2 FETZ Hbr BPSO Fk il 4%

el
2.1 ETZBEMRBPSOHEZER

B TR L B 1 (particle swarm optimization,
PSO) & —Fh i T FF R B B8 19 42 BE AL S & U R
SR DR T B SR B B £ AN 4 SRy SR R O BT A7
# . BPSO B ¥ b+ 09 & — 4 Sk 09 I L
AR e R BRI o 1 3k 0, BREERERBR . 7
—A[S|=n 4N MRF I B RE ML A
I R R RO R n B )i, 2l o X =
T 2Tz s s Xy ) sVi=(0j s Uiz 92" s Uy s 1=1,242,m)
e b IR EE R R M e R RCRE A C .
ﬁJ\jnJ'JIE Prest — (Pil sPizs s P ) s Ghest = (Pgl s Paz sttt

pg”)ai:1323"'anaﬂnﬁ(lz)\(13)%5—\‘93—3&(14)7\%
A — A B 7 X

t+1
i‘

ij :w'vi'j +en (j);scxt.lj 71‘5]‘ )ty (gi)cst.ij *fi] )

(12)

© = Wiy — (max — Win) /L VT (13>

G(v) = (U — Vhin,; )/ (Vhasj — Uhnin,; ) (14)

KA R F @ W55 7 el BE TR fE 50 A 0 IR

AR BMEAE o M 20 (13) 25 4L s e = 0. 94 0

=0.4.cr=c; =235 Fr, KL 1 EHE AN B FEHLEL .

BPSO ki & 58 7 U F .

BMIN F=0;7=0;0v=G(v})—0.5;

dO{ [Umax.j]:max(v) 35U :O;

v,

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

if rand<<G (o)) {x ' =z 3}
(i ==D{k++;)
bwhile (A<<n(C))
25 =0
2.2 ETFLB#R BPSO Eixpyiz IS5 B KM
N 2 B AR 1 AR R T O AL SR 38 N B R
F = min(f, (X)), /2 (X)) (15)
T Z Hbs BPSO 535k ) 2 il 5 50 8 R s 25 B
mr.
HB 1 RE kT REA B LA K B I R 15 R R R
AL N BT I R IRt - BB ECR R (O 5
T2 WIRMR TR (2, ) S (o) ) s W1 IR 1k
KL 1) 42 Ry B g ) AR TR I { pheer, } 5
B3I MR 5 TR LR B 2R IS B pR
B F;
TR RERRE =1 R (12) T A kL
T YA BT A YRR O o) IR AR 2 1 R
KA E T Y W 38 N BE eR L TR T
2R A Ghews } FURFR EAEA Phesis |5
H|S AR T YR B e e I <<t S TS
R L R G F L 4 AT R SR R AR A5 T
PER AR U OB IS SN S £ A R O R oy B v S D s S S )
LR 6,;
6 FIWTEREL <t BB E RN =1+
LS 4 AT — AR AR, 7 ) T A 3% 48 4k
PR EE USRI A B T A R A A R LS
B 5
HBT A A<<n(O) R R B, 2 F5 ) 28 B0 £
=kt 1,5 200 2, HWEE 20 8,
S/ 8 R RN LA L 2 B H 7 1k B
SN ERIEE Rl

3 PrE4h

3.1 FERERE

R T SRR A R FRATT R 34 ALY
Internet2 WZEH0 M1, X8 AS T 5 bR 5 IR 2 3%
IR AE , BN km, NE 1 B 5 R BRSO
ZEARAIL AR 28 E AL A AL . Iy
Borb, B R 20, o RIEARIRECH 1000,
3.2 Pareto f&

15 EAR R T R s Ao I 1~ 34 A8 b i 2 i %
BN ER D BoR TER SRR 1~12 &l
F 2 7 SR I S A L Ay A8 B 51 AR B 4R o e A Ak




70 [ . ]

B
B

1 549 &

K1 Internet2 M 453 b

T 2% . WA A% RO BB A BN ] 2
WD 1 B A O T o A RO D 34 B A
Y et 35 0 B A ) e N 2 ) e N SEE fe /N O

A1 BEHBRZTAI~12HFRFHFF

X (X)) L (XD
0000000010000000000000000000000000 1 2 860. 64
0000000000000010000000000000010000 2 1949.12
0000001000000000000010000000000010 3 1 454. 04
0000001000000100000000010000000010 4 1108.16
0000010000001000000100010000000010 5 939. 04
0000010000001000100000100001000010 6 851. 84
0000010000000100000100010100101000 7 771.36
0000100000000100100000110100010010 8 690. 88
0000001000001010001001010100100010 9 635. 36
1010010000000100100100010010100010 10 555. 04
1010010010000000100100010010100110 11 523.68
0010001010000000010001101011010110 12 471. 84

3.3 #mEFISEENNE

R TSR R AR SCRR R A RO L B R S SR
(6145 19 Internet2 PREE N 09 & 5 25 S 1b A a0 &
2.3 JToR o G5 S s A SCIR T R 08 A S50 Ml i e 4 T
5 7] R

Bl 2 R T AL S5 B AE 5 48 Ak 2 S A AR e
FER) LA . A R, BEE 6l & B0t 28 e, R8T
B 4% B R R B U A R Y AL R Tk
TZAB B, 27 M A s 228 AF X B AL T 57 ) 2 /), R
RS MR o 9 s ) 2% B R 4 B N AR SO
IS LI AE S 1 108, 16 km, T 3% 1, B AL £ B
FEFy 1 794. 24 ke (Y S5 56 26 A2 I 45 14 il BIL 35 28 It
FEAED o BEMLF- 24 B 4 5 e LI AE 22 L 2 Oy 1.6, [
PRAS P B B R 3 LB 29 Ok 1. 49, d B 45 0 2%
Ko Ry A B R A AR R 3 AR B T T K Y R 4E

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

A LEAR L AP0 2 Ak 4 . I 2 m) L 4 o i K
T 4 I BEAILY- 29 I E 5 i I A E 2 AR K 15 A
P By 4 i B R A A

1.7
1.6
< 1.5F
——BPSOH VLI 45 R
1.4+ ——ICHR[6]1M 4 R
13 2 4 6 8 10 12
2% B

P2 BHLY- 20 S L5 e I I S 2 b 42 o 4 0 1) A28 4k

0.9+ ——BPSOH L I 45 R
—e—CHR[6]HI 45 R

7 6 8 10 12
TSR

3 PEHIERECE Y 1~12 B IR

FESCCLY/LYD /R WCES e, 2w = A J 1 2 it
FR) Bt SEE AR X 1 > F o] B8 B B e 2 1) FE AR AR 3
FEos 3 i 2 B0 R =4 BF, 00 2s oA (2 860. 64/
1108.16) /4.2 0.65, [A] H £ =15 I, U 25 tb N
(2 860.64/939.04)/5, 2K 0. 61, it B 4% il #% £
Ry 4 B R A B R D A (K T AR R 2R BRSO,
Rl g B ol 4 wE RO, i B 3 AT UL, 45 i 2% 4K
TN 3 3N 4 T 2% 0T B A ) e i 25 AR AR
e8P, 7E Internet2 PREE T L 45 i 4% e A 8
341,
3.4 ERUsit

4 R R 23 510,17 IR
[ERAR R X IR AR iR B R L € § N 3 = R7S

1440

1280f, k=5
I ---k=10

REL] S R—

g 960 &

<

& 800f,

B ) (I .

4803_h

320 L
160

N WA NN 0 O
I} #E/ms

L 1 L L 1 L L 1 L 1
0 100 200 300 400 500 600 700 800 900 1000
BRI S

P4 AN T 4 o ot 0 I S 3k AR Bl 2




%563

T 5 R SO 45 vh R AR R A R o 2 S S 71

] RLAT B AT 4 ) e AR 1 D0 T 9 4 1 4 B 7
FISCSACAEL oy PBT T L i 3 42 o 45 i 1 ik
SR TR A2 4 R ARG 1 DA D A il s R
] fh 70 T RE 5 S MR B W SR B T SR Y
P 1) 384 0

4 g5 w8

AR SR AR RE S 2% v I ABDRL T RO AL
(1 47 Tl 45 1S 225 S %, 7 096 AL IR 2% P B R A 1Y 2% A
T 9 4 E B R 25 A 2 A P A DL & A ey
TR IRAE T ORIAT AT S . IR LA T A% RO Ao
1] g 1 S e ML) F- 257 16 SE A ARG AL A SR A 45 1
o KR R AT R Y 1 DL T P B A N L ] A
B RUORL TR L I A A 15 3] T R A AR S e
fife 4 I LA 52 H 4 A 8 0 e A T

SE .

[1] MENDONCA M., ASTUTO B N, NGUYEN X N, et
al. A survey of software-defined networking: past,
present, and future of programmable networks []].
IEEE Communications Surveys and Tutorials, 2014,
16(3): 1617-1634.

Software-defined net-

(2013-05-01) [2014-05-

[2] Open Networking Foundation.
working definition[ EB/OL].
12]. http: / www. openflowswitch. org.

[3] KOPONEN T, CASADO M, GUDE N, et al. Onix:
a distributed control platform for large-scale production
networks [ C] // Proceedings of the 9th USENIX Sym-
posium on Operating Systems Design and Implementa-
tion. Berkeley, CA, USA: USENIX Association,
2010 351-364.

[4] LEVIN D, WUNDSAM A, HELLER B, et al. Logi-
cally centralized?: state distribution trade-offs in soft-
ware defined networks [C] // Proceedings of the First
Workshop on Hot Topics in Software Defined Net-
works. New York, USA. ACM, 2012. 1-6.

[5] LANTZ B, HELLER B, MCKEOWN N. A network
in a laptop: rapid prototyping for software-defined net-
works [ C]J // Proceedings of the 9th ACM Sigcomm
Workshop on Hot Topics in Networks. New York,
USA: ACM, 2010. 1-6.

[6] HELLER B, SHERWOOD R, MCKEOWN N. The

controller placement problem [C] // Proceedings of the

First Workshop on Hot Topics in Software Defined

http: / www. jdxb. cn

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

http: // zkxb. xjtu. edu. cn

Networks. New York, USA: ACM, 2012, 7-12.
HU Yannan. WANG Wendong. GONG Xiangyang, et
al. Reliability-aware controller placement for software-
defined networks [C]// Proceedings of the 2013 IFIP/
IEEE International Symposium on Integrated Network
Management. Piscataway, NJ, USA. IEEE, 2013.
672-675.

BEHESHTI N, ZHANG Ying. Fast failover for con-
trol traffic in software-defined networks [ C] // Pro-
ceedings of the 2012 IEEE Global Communications
Conference. NJ, USA. IEEE, 2012.
2665-2670.

XE . #HE. #hsg. SDN b Bk -F 1 & o £ 1k 1 45 i 2%
JCE FE 5 [EB/OL]. (2013-12-06)[2014-05-05].
http: // www. paper. edu. cn/releasepaper/content/
201312-161.

ZITZLER E, THIELE L. Multi-objective evolutionary

Piscataway .

algorithms: a comparative case study and the strength
Pareto approach [J]. IEEE Transactions on Evolution-
ary Computation, 1999, 3(4);: 257-271.

COELLO C A, LECHUGA M S. MOPSO: a proposal
for multiple objective particle swarm optimization [ C]
// Proceedings of the 2002 Congress on Evolutionary
Computation. Piscataway, NJ, USA. IEEE, 2002.
1051-1056.

MANTWAY A H, AFMUHAINI M M. Multi-objec-
tive BPSO algorithm for distribution system expansion
planning including distributed generation [ C] // Pro-
ceedings of the 2008 Transmission and Distribution
Conference and Exposition. Piscataway, NJ, USA.
IEEE. 2008. 1-8.

Internet2 Open Science, Scholarship and Services Ex-
change. Internet2 network [ EB/OL]. (2013-06-04)
[2014-06-21]. http: / www. internet2. edu/network/
ose/.

KENNEDY J, EBERHART R. Particle swarm opti-
mization [ C]// Proceedings of the International Confer-
ence on Neural Networks. Piscataway, NJ, USA;
IEEE, 1995. 1942-1948.
KENNEDY J, EBERHART R C.

version of the particle swarm algorithm [C]// Proceed-

A discrete binary

ings of the 1997 Conference on Systems, Man and Cy-
bernetics. Piscataway, NJ, USA. IEEE, 1997 4101-
4108.

(g Keio)




