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SDN Path Enhancement Algorithm Based on Multi—objective
Constraint Genetic Algorithm
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Abstract; The emergence of SDN controller effectively solves the problems such as the rigidity of traditional network facilities. It can
master the global topology through its own network topology module and calculate the network path that conforms to the global optimal.
However ,nowadays, with the increasingly complex network environment, it is particularly difficult to calculate the routing that can
effectively meet the constraints of bandwidth,delay , packet loss rate and so on,and the traditional precision algorithm has been difficult to
meet the requirements of various network services. In fact, the computation of a path problem that satisfies multiple objectives and
multiple constraints is essentially a multi—objective optimization problem (MOP) , which is difficult to solve with precise mathematical
methods. Therefore, with the aid of the heuristic algorithm,an improved multi—objective constrained genetic algorithm to find the global
optimal path is put forward. Based on the characteristics of the network , the algorithm of initial population generation is improved based
on the traditional genetic algorithm, so that the initial path satisfies most of the constraints, achieving the goal of enhancing and optimizing
the traditional computation path algorithm. The experiment shows that the proposed algorithm can achieve the effect of multiple path opti-
mization objectives under the premise of meeting various business constraints.

Key words: SDN controller ; routing algorithm ; multi—objective genetic algorithm ; multi—objective optimization

1 # & W 2% LA i BT AL 1 R e, LT B0A A A dp ik ok 22

P28 (R R P P 205 TE W s A7 I EE LA, 0d2b OB RIS B, DR AT 3k DA A I 4 i . 8 A8 A
P 24675 B X A A T S R s AR A O X R AR T (R B B Sl A R A 2 R A U
I MISEB B AP FOR 2 A, ARG S5 as me il LIR30 1 B Bl 1 19 465 114 ik —

Y5 B #7:2018-05-06 &[5 HH#:2018-09-12 [ £& H ki Bt 18] :2019-03-21

EETA 2012 FFEFELRZEF R LT GI215001 ) 5 7 5% HEHL I 5 3 AABHIFE 334 % BT H (NY212012)

BN #(1994-) 5 B-HE5E AL WSS 7 1 SDN W 45 B A5 A0 O Ak s /TR SC, 181, 02 , 098 05 1) o 48 45 B e 4 | P ik
TR B AR R AR

[ £& i AR ik « http . //kns. cnki. net/kems/detail/61. 1450. TP. 20190321.0904. 002. html



- 18 - HEMBARS R R

29 %

A e AT ML I i TR WAL GE R I 28 48R AR e I
ZREERE 25T E 0, o3 A 2CHES B S A5 AL % 2 AL
B XA TE % P L - IR 55 A A R R
Y, AELR SR (8 R AR SR AR N A A R Al s v
A el 9 32 PR T S AR i TR R AR
SDN( software defined networking , 5/4:5& X M 4% ) i 42
th, o BRI 2 R 2% R R R TR e, AN
[F] AL I 2% , SDN F il i 44 I 465 13 £ 1 5080 - 1w
AR - T 23 B8 A — 4> 4R v A 4 i 45 ok the s 190 295
A B R LA TR I ER R S 1 I 4% g F 4
HERT g A4 1, R R A B 20T 38 A I 2% 1) T 5
HEATHR ], S A P M O T A I AR

FEAL G I 26 1A ZR A v % pR D B0 IR o TR
ME X R TR BB A DL S 2 B A R
e Il R < | o S SN U P i R L
1 QoS & R &k (5T 43 A =47 1 - 17 ) B Uk R
TR, JCEIRAT Tz (R A . SDN B B
FEREAR T3 2 0 28 T () A, HAB 43 il e A 0 2
) 284 FiE 77 4 1 P 80 20 s 24 e R 0 IR 24 ) 8 1) I 401
b, 3K 23 HE SN R0 2% A ) B Ak R 294k R Re AL N
FEIA A H AR 0 25 4ty k|

B DG BB A A 455 42 il e R S A I 4R
AR AR 258 B8 ) F X LA D7 T, —4> SDN 5 i 4
A DAXHG J VT 22 6 B s ATl AR | Rl 4 7 — &
G ) TR R 11, 300 XoF D) 286 55 Py 28 R 2 ol B
TGS DA 6y B33 3 vl oA ST EL B
SEHAL T B I A4 e e 3% S XS T 4% 1) A P
B S MAE SDN W24 rh R da it K s 2y b
Y, W R S8R 2
KMIFRIT A6 ELAT 42 Jm 0 X 48 PR 2 FN FH 75 2K A1 Ol
T, AT RAE— A i R G b BT A5 T sk, SDN
il s 00 LE B R T A T 6 H R A I

D) 28 T 5 14 oAb LE AT 18 A1 X080 vk 4 i i o
BT P A 3k A g 1 o R 2 AR Y R 2 — . B
I8 L H O i AT DA e R0k A RO 7 e, 1k R 2%
T ST T L He ] Dijkstra J5E ORI
S IR B B AR B . SRT, SDN 45 il % S 45 1Y I
R AR R TOE R R E = R B R BOR e R
Dijkstra 592 i Iof [8] 52 23 B2 ST AR, Bl 19 26 45 A 1) 34
T, CPU 1 8 FE K s, I 2 -1k R 8038 B 25 BRI
SDN BAF i 7 WL I A= 7E IDC I 45 v 35 B o 24 3
WA T EITA T s, BRIt B2 —Fh R o
PSRRI U, 5 B RIE 2% IR 55 R AL R
BARIEE P SLA (IR 55 45 ML) Ry 5 i 45
) B e S D £ R 55, B S R AT B L A A
T B 55 A0 Qos i SR B Hh vl R AT LA 3R £

TR A RS ATAT B AR R, 3K 2 JE T NP
M ) 1 380 JC AR 2 T [ PSR A LA SC R
SR P T i 2k 18 35 A B3 1 DR figp R A [

% 1% 55 1 ( genetic algorithm, GA ) J& /1 J. H.
Holland 55 T 20 ftt£2 70 4FfCHHDF R A1
FEA R AE R — R IR R A 2R R
B AT REALA LA Ty VA . e A A ) Y
Ak AR ALY 22 A BT b S i BE AL ik
SRR IR AR R VT R e A2 X AR
SN BRI T B ACAVE T, DL AL HS 1 RE Fe R 1Y — &R 51
AR R R R Bk B AR R Y 4 R - BE A
TE N BTz N T AR BRI R R, LAk B R
2% BAn2 st L B itk 22 20 o i W R) &, BE i —
U A 2 45 TR BEAR B #R , ] DUAR Bl 55 B 75
SRENZS L B TR R S8 RIS B TG S PR A

SCHE R AR TR R O A YR MRS AR
P BRI 55 R e oK 1) 2 B bs 29 s 8 550 AT LA
TEFFATRIAEOL T FH 38 N 3 A A I AR R &Y
AR AR DR UE R 55 #8512 1Y 25 i 42
APHEE AR XHZE R R AR R ST T,
SRR BT T TR I | B Jo X B30 VE A 45 78 1 )
KIREE T PR REHEAT T 40T, B iE i 54 X SDN #6542
$i8 o [B) A A P

2 SDN MZ&Z)3R
2.1 WEHEER E Bk

A 9 4% B35 2 S B R | 0 445 47 40 56 2T
HIE G =(V,6) FHlik, Ko v={o}(i=1,2,,
n) MG RRITY SIS, | V=0 BIESHL B
A L, E WS, E= e, e, 0, |
FRFGIANDAG I G A m XA IR A
|E|= m BT 2 R FIREEE Y, 0 < m <

M=) (o) RHBLOOBARRIES B c, =

c(e,) (e, =0) Fd, =d(e,)(d, =0) ST TE N b, o yea

it G WBHE S5 AR L Ko, Horp L J2—1>

nxnlf0o-14%EM BRI L = (Lj)nxne {0,1{n x n,
0,(i,j) v,0, € Vie, =(v;,0,) ¢ E

L, .
L

- 1,(i,j) v,0, € Vie, =(v,,0,) € E

BRIV an SR P S 5 2 T A B 3 T, DU %o oz ) T
FEHN,EW R0, [, 6 EAREET B =
{h it o0, eV, e=(v,0) € E FR , H b, FRTT
J LT R 22 ()6 Y 90 2 B RIS s I SRR D =
tdtv,v, € Ve =(v,,0,) € E,d; R i i IV KL
ZNE) B BE B IR SE (R, ¢, SRR 5 R R Z 1A B
BT 5 1AH



557 3] J

AT 2 AR AL 5310 SDN AR I3 0k <19

2.2 YRR

fEE AT 8 v, v, Z IRV — 25N BR 038 K %
2,124 : path = (v,,v,) SR AR path 20055 # e, |
K2 e, e path , &M e, ¢ path , SCPERAEIE 4L ik
AMRIIE RIS 0, B e A R0 ER — R B4R
X0, 3K B AR K R SE R RS 1 T =, LA s
d Ry HGER AR A, BRI R R 1 B AR 285 1Y T
B B ANE N . 22K i ()8 i) 22 29 B %A AT LA
ESLYSR

2 z ¢;; *x;; = Cost (1)
i=s i
75
i = 2 z d,; + x,; = Delay (2)
= A
z qu$Hop (3)
R
g,(x)=h(x) -~ Hop <0 (4)

v (xij = 1)bi,j Cx > BandWidth
I xMEmEgRE L,
xX.. =
oo s MR AL L,

h](;)zc(;) - Cost =0 (5)

hy(x) =d(x) - Delay = 0 (6)

Hor, w, FoREAR o ot 0 A AH T Y
(v,,v,) JBF « B, x, = 1, %W x, = 0, Cost,Delay
Hop .Bandwidth 43512 SDN # 1 H 225K 1) %1 5 14 .
FFAE Bk 250F 7 5 00 T A S8 FE X — R R R
WL

3 MM BRARNEEREE
3.1 BREZEHD

R 0 245 4 M A8 4 R A, SR PR A 8 K S B
TR 7 =8, 0 P A5 0.0, H A9 SR 120. 3, I8 42
YR % 3 15 #0.0.3.5.50.9.70,3.62. 8.109. 5,
120. 4, B 4 B8 A2 i 5 J& 0. 0—50. 9—70. 3—62. 8—
109. 5—120. 4, XA F14) 24 iy R0 Ao P o R A X6k 1 L
TR B AR A AT A ST EOAR e I 28 T A R
T2 POREL L (14 TR 3K it 2 TR 6% RILASE (1) 2 A AF IO s A AR
INEE LB, BT 1 iR

A1
3.2 ThEEIRL
T 0 S o A R 4 A AL 7 e B
BIRIZBAHR S, XHEIAT He L 76JHIR A 8%
G EEL I 2% 45 FH B R BT 9 R 4R Y SPA B
Ve (FE BRI ) ', I HAR S 20 3R 40 A7 it
TEJEUA BB ML A% e A A e 5 s JE A 7 ) 24 o 55
T, BRI,
(1) RS 5 TP 8
(2) TR 5 U5 AR T 0 90 Tk e
RV T IRIDY

M &35 4k

(3) KAk B Y | U RS H A A

(4) WRA, I S5 AR H By 9 i 22 8] Y BE
i Y B g e

(5) drZk e $8 5 71 U % B 5T S AR S 2SR

R
(6) & F X LT =B AR5, iS4 Nk H
B2 B ;

(7)FEZ LW 3 B R BRI 1k
LYRIRAE I AR T — BT — Bk s HERR A
T SR E YRR A B



- 20 - HEMBARS R R

kY SPA Bk,

(1) Y s i

(2) FHR A U SRR A I sk 2
RV T RIS e

(3) K AT SR A H AT AL

(4) QA e SR AR E AT = [ 1 i
B THE SR, AR LT

(5) KA S Hr T s A JO R BEHERR Y Y AL, 2R
RPN IR e o 1] S £ e

(6) K H 1 SR G A TT M T — B e
BT — B 0, MR G oA T — Bk S0E |25
iV IUE ey =

(7) KA 5 AT RS R R Y I A R B
BRI R A 0 R G I 55 B SR A JE e
AT IR B, A Ak 215

(8) dkZk Ay #8 5 M1y UM % 1 39 A8 4R i 2T
R

(9) A7 X BT i 2 A5 R A, SR D L
AN IR 5

(10) EE AW 3, R B 1TAR R 1k
3.3 MEERE

A AT PR AR B TR v A 143 1 B N )
A, 2 T a7 B A i e R ) O LA AS A AR T
U B R VR AR S 1 T DR R AR R R
) D0 ] R 20 20058 5 i 1 T AU ASE A8 v (38 249 o 2% 1 [1)
IR R = W N WEN AT B S S {8 g L AP R
PORAR B S C P R S PN EE = S = et Lt
JITAT 1R 25 22 SR A5 1 2 A RO A U R A5 1, SR 3k
HAL RS RSR AR AT bR RS AR R 2L
PR AL FEAN ALY S 3 1 B pRAIOE S

Fitness(x) = f(x) + ﬁlzﬁjcf<;) (7)
Ht P (h=1,2,,q,j=1,2,-,5) RHEM
TESIREL, g 7258 LR ARG i3 )UK F
FIH SPA B H i T A0 AR A BEALZE IR
N AREEAAE, X3, X, Xy k = 05 SRJENEE K AR

- \
\

09 %
PTETEE W JLAC VN
;Hm

X X0 X
3.4 ZXIEE&

LGB HEFAR, FARR R AR B AR RRE ,
BALFE WA NS 55— SR PP RE T (S A 2 17 B AL T
Xof i B BEE 128 UHER P, I B o 5 B A8 LIRS A
XF 3 8 R BEE AR B SE X, SR A AR B A B
A, 38 XE T35 s A7 56, e e
AR LR ) R P Ay JUA QR Y 3 S, W 52
2K OX AT, XA SR A A 7 B R o
PR H R 0TS 85 G A 1 e 0 AR ] i 3 2
2E ] REME VR EAR (B L BE B, DT i 58 AR 7 119 48
KT RKBEAR, BT, SO e 20 i f
2 H H AT — 838 OB AE 7 2, HAR SE 2P B
W,

« BEBLIE PSRN A7 58 A

- FRBNPIANHF 28 A 1 S [ a0 GRS R Fn 1Y
T RERAN) A

o L[] 5 A B B L R — 1 SRR AE
AT

o KA PN 28 SAMATEAS ST A Z R Z )5 1Y)
AR AEE . an S ARTR], TR Ik 9 28 SCHRAEE .

BARM AL RT

(1) WEIEBA P AT 58 XFEAR R 0.0,3.5,50. 9,
70.3,62.8,109.5,120. 4 #10.0,23.1,50.9,25.6,
62.8,98.5,120.4 4N 2 fiw;

(2)PHEELE T HN150.9,62.81;

(3) BEPLIERETT 5 50. 9 M a8 XA

(4) KAy Jz B 3 7 58 R ATE Y 4 50. 9 Z /i
MZ 5 BN AHRTE] PR AT DA T A, 28
ZIa ST R A A

0.0,3.5,50.9,25.6,62.8,98.5,120.4

0.0,23.1,50.9,70.3,62.8,109.5,120.4

B2 SR



557 3] J

T L2 AR A R SDN FRAR R Bk <21 -

3.5 TRIBE

AR SRR R LS B A A B, B
WA S — st e R B R i i B LA R e T, 4 &
1 A8 SCEAE AR © 42 30 e AR A sl R AR S 38w A
Jon i 1] g DG A MBI 5 55— R ol a8t A% B T AR HF I 1Y
ZREAE VIR IE R AR . AR B BRT S g b
J5 A 5, % S B 5 1Y TSP [m) A8, m] R A 39 5 AR
S RS S R AR S A S A R ] 6 AR
5 SRR R GRS b BE AL A, PRI S I Y
FH TR AR AL E T, B R T 5 R
HYRRHEOC R, BERF o] B 2 - i P R R 1k R 4 i b
AR A, e m TR BT i H BAR S
PALBRIE

(1) BEDLIE I — AR R R AR A4

(2) TERFAE S MR T BE AL — 15 s G R
T BRAM) VR R 28 57719 A

(3) Fe3N 5 AT A8 S R HARAHE T S
CZEA AR A 2T DL SRR AR S AR iy
EI=OF

(4) AT A R REALE I — A1 SAE A IR
WG
(5) K A AR S 19 R Z BT AL Z 5 Y s e B 5 28
SIE TR E A A A AR R
FRFFE 97 s e R S o AR 5 5 U], St IR B A
BN 428 AR SAES PR Y R AT

BRI RN

(1) EHHFAF AN 0.0,23.1,50.9,70. 3,
62.8,109.5,120.4 , 40K 3 AR ;

(2) BEHLIERETT A5 50. 9 R AR S 4

(3) 518 50.9 HIMZEMW T AEERHI3.5,
31.9,25.6 ;

(4) BEPLERETT 5 3. 5 M N AS S5 19 05

(5) Gt KAy LAY 5. 23,1 5355 3.5 A E %
AR i LSBT M YR 8 S 48 2636 1 TS 0 31. 9
ARSI B A S R B A 23,1 AT A 31,9,
WA 31.9 R AR 70. 3 ELAEAHIE BT DA AR SR
SERT LAY AR S S iR A R 10, 0,23.1,31.9,70. 3,
62.8,109.5,120. 4,

A3

3.6 #&IFFEH

PR RS X B A 0 2% 31 4 MRS AR X A
NI BRSSO B U AR X S e, R T i — SR SRk
LAk A O SRR B B R I ACE 5 A
R A7 B B AR S
3.7 HEZERE

SF— 2l B AR SPA AR R T
B BRI A2 I X FC2E 47 2 A% 180 2 50 v B9 A
TR A R BB AR A SR, SR e L P B L vk
PR N ST A AR A R AR RE , VBTN
IRALFPRER UL HERR 2 XG X - Xk =05
ke ARERAR AR

B ISR (X,),i=1,2,- N,

IO TIE T IY A L
> P

BEAURRE XX X
VU AEFACRIEE X XD X T DU [ AR

LA
R AT A EAMER P, HA, HE F )4
WA AR, A R XX XY
AL DA AR P, AT AR SRR R LT —
fRRIEE X, X2, XD
SN KA AU B 2R B E AR, 0 S 35
SRS R R E A

4 XWHESSH

S ) D) 5% B P S SR L U i 22 24 SR B/ N9
B | X 26 HUARE Ry 500 7 45 24 k % [, 2% FH AN Ao 4L B
FELL,10 R BEALEEI, HFFELL 1 M Sy BT 4 BK (1 17
Yo/ HAE 10 G .20 G .30 G .40 G hREAL 5k H, BEHL M
25 R BERILE IR f R0 i a5 I e S B v SR
e/ INIHAE B B AE D, A /N3 A IHEE D, B d =
(D= D)) /4, BEELRBA KT D, +d ;35K
O SR TE 1 G800 M .500 M50 M H AL &I,
BRECL SN A KT 80 Bk,

4 1 S 2 FOETER) 4R FRE Rl 50, 38 AR



£ 22 HEMBARS R R

29 %

FHERI0.5,0. 3 BUTEBLT A2 LAY, i I A S
HRBE T 0] T RIS 14 24 SR I 25 A TR AT LE e B g i
SOH I

220

210

200

190

BN epst

180

170F

160

0 20 40 60 80 100

gemeratopms

B4 SEREEREARE B AL T

Dijkstra S92 75K fif fcd B AR 1 ok 2 b TR 0
T A 2 T A T 0 g B I A, AR AR
N n B RZH Dijkstra B AE R O(n) o M T
W BORA R BRI K HUBEIET , 25 n UK 1257
VR AL A I ] 5 90 -5 2 () B RCRE SR s o
GA F3k PR AR I B T2 2 W 31 A Wi SOt ], GA 55
TR BT R A (E] R/ A B AR I, BT AR 408 B8k A
A TR SCH R 5 AR B B O ROMLAE X 4% g A 1 T
B, 1B 5 0% KSP SA A ik 18 A% 0 R N 153 10 2%
TR FARRIFERS S A I RB I IE T IX 458,

70
—=—CGA
*
60 r ~#-Ksp| .1
50 *
40
Q
£ 30} *
20
10 +
,,,,, w
#* i

n W""-a- i A i i L i A
100 200 300 400 500 600 700 800 900 1000
gemeratopms

B 5 KSPfik5 b Akt

5 HERIE

SCrha T2 H bR 2 2R e A g ]
DATEAIE— S VERR BT HR T, 78 AL P00 45 hr 13 1
e T AR R AR 2, I, ZE S EEAE L
TR O T IR BRI O 2, RS T Ak
(38 2% T LU A R — B AR R — Bk 2
5 STRSR AT AL T A R R A T 2

gt i i 5 i e A SUSREm bR 1 B 0k Wi Sl ik
JE IR AR U K SR R AR BT S0 S L Y
AR T

B2k

[1] MCKEOWN N, ANDERSON T, BALAKRISHNAN H, et
al. OpenFlow ; enabling innovation in campus networks[ J .
ACM SIGCOMM Computer Communication Review, 2008,
38(2) :69-74.

(2] WER, ZROT, I 45 BT SDN (50 .o W 2% 2
MAEBTIE[ )], B B IERHY 2016 (24) :38-40.

[3] B/ FTF OpenFlow [ SDN W45 % F BLvE ik 115 5
BT, A S AR, 2017 (9) :128-130.

[4] X434, Sioit, B, 4. SDN WF5E k[ 1], THELn
T ,2014,31(11) :3208-3213.

[5] X e HT&BEN SDN B HEEE[(D]. KD ¥
RIS ,2015.

[6] DAS S. A unified control architecture for packet and circuit
network convergence[ D ]. USA ; Stanford Univeristy ,2012.

(7] EZ%HE. SDN/NFV SCHEFOAR [R]85 7 FbR i fL kR [ 1],
HE AR ,2016,22(6) :12-16.

(8] 2= Jt,EIEAN, JEALEE. M-ICT AL SDN $ A 52 5 61
BT RGEIE AR 2016,22(5) :61-66.

[9] FEAMSTER N, REXFORD J, ZEGURA E. The road to
SDN :an intellectual history of programmable networks[ J].
ACM SIGCOMM Computer Communication Review,2014,
44(2) .87-98.

[10] TOMOVIC S, RADUSINOVIC 1. Fast and efficient band-
width—delay constrained routing algorithm for SDN networks
[ C]//IEEE netsoft conference and workshops. Seoul , South
Korea:IEEE,2016:303-311.

[11] TESAT ,PhAIME. 2T Dijistra FvkRY £ LR L4 M h 571k
BBETE [T ] HEALEAR S % ,2011,21(12) :5-8.

[12] UPADHYAYA S,DEVI G. Characterization of QoS based
routing algorithms[ J . International Journal of Computer Sci-
ence & Emerging Technologies,2010(20) :50-52.

(13] BRARE:, £, T st s 1 50 vk i 0 2% i ey A AL F 5
[T]. 3L A 5 4k, 2013 ,30(4) :135-137.

[14] SAMPSON J R. Adaptation in natural and artificial systems
(John H. Holland) [ J]. SIAM Review,2006,18 (3) :529-
530.

[15] HAMIDA S B,SCHOENAUER M. ASCHEA :new results u-
sing adaptive segregational constraint handling [ C ]//Pro-
ceedings of the 2002 congress on evolutionary computation.
Honolulu,HI, USA . IEEE,2002 .884-889.

[16] HE L,MORT N. Hybrid genetic algorithms for telecommuni-
cations network back—up routeing[ J]. BT Technology Jour-
nal,2000,18(4) :42-50.



