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Abstract  As a new type of network paradigm, Software Defined Networking (SDN) decreases
the complexity of network and improves the power of network innovation, but still has many
challenges especially the load balance and energy saving. Therefore, a dynamic mechanism to
solve the problem of load balancing and energy saving in SDN is proposed in this paper. Firstly,
the framework of load balancing and energy saving mechanism for SDN is proposed. The framework
includes many function modules, including traffic monitoring, routing and flow scheduling,
OpenFlow protocol and infrastructure. Among them, traffic monitoring aims at monitoring the
near-real-time network status, and achieving traffic measurement at the level of flow; routing and

flow scheduling aim at scheduling the flows for the links that may enter into sleep mode or
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encounter congestion; OpenFlow protocol aims at guaranteeing the communication between the
control plane and the data plane; infrastructure provides the basis for data transmission, and at
the same time aims at quickly installing and updating the data flow paths. Secondly, a dynamic
polling algorithm based on the change of the whole network traffic and flow rate is designed for
traffic monitoring, which could measure the traffic at the level of data flow with a low cost.
Then, this paper proposes a random routing algorithm based on link preference and two flow

In the

routing algorithm, with the consideration of both load balancing and energy saving, the link

scheduling algorithms to achieve dynamic load balancing and energy saving for SDN.

utilization is converted to link preference, according to which the traffic on link is controlled, so
that load balancing and energy saving can be achieved at the stage of routing. This relation between
link utilization and preference can be adjusted dynamically to match network traffic or link utilization,
reflecting the dynamic advantage of this mechanism. In addition, two flow scheduling algorithms
perform flow scheduling on congested and idle links in the network, thereby achieving the
purpose of balancing network load and saving energy. Finally, the simulation environment is
constructed based on Ryu controller and Mininet. Then, the mechanism of dynamic load balancing
and energy saving is implemented. The experimental results show that the proposed mechanism

can achieve energy saving by up to 25% while achieving load balancing, and is superior to the
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comparison mechanisms in terms of link average utilization and energy efficiency.
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FA) SR 6 s W L vy s vy s ooe s o, ) BRI IR 19 5. BB 3
KM Softmax bR BORE 5 i 16 5 5 A &0 1 30 14 D 47 e
Lo RE 22, 76 T 145 08 38 99 A5 B 0k R 1 ME SR A N
OUT R DAAE B0 0 SUHEAT e . BRI il 2t e
BEAL— X L0 1) P i SE 8L p 7E e £ BE 3
SRJE BRI S MR AE BB KT po TR Y
S BRI B H A AT Bk
2 3 BB A% Ry OCGman) ABGE (v svp 50050, ) 1Y
T df H { favor, [i=1,2,+.m |, F X 5 19 4 5 N
(pili=1020 0 om} U p BOFFSE N (13) B

exp( favor;)

pi= (13)
Z exp( favor;)
Bk 3 AR IE
3% 3. PbRR.

i rwITM, favorTM , J§.755 &S H 1955 & 5.t
s B R H W R — AR AR pach
BEGIN

1. [Initialize the parh as null;

2. u<s;

3. Add u to the path;

4. WHILE u#t, DO

5. selectset<— o sump < 3

6. FOR each adjacent node v, ,i=1,2,,m of u,
DO

7. IF exist a acyclic subpath; that the node v; can

reach the node 1, THEN

8. selectset<{v; ) U selectset s

9. sump<{p;} Usump;

10. END IF

11.  END FOR

12.  IF selectset is empty, THEN

13. Break;

14.  END IF

15.  Initialize a random p, p&[0,1),5um <03
16.  FOR each node sv; in selectset, DO

17. sum-<—sum-=+ p; 3

18. IF sum =p, THEN
19. Add u to path;
20. U<50; 3

21. Break;

22. END IF

23.  END FOR

24. END WHILE

25. IF the node u#¢, THEN
26. Set path as null;

27. END IF

28. RETURN path;

END

T FEARAEAE . PDRR Bk SR8 5 TG g
F B S B AR R T A B AR AN RE I L
LU K 22 5 T 2 JR 4 O B 5 A2

6 RFEHEZE

A SCUE T T PR R R A S
T HE B IR U8 B (Load balancing and Energy saving
flow scheduling, LoadbE) #1348 20 41 2% ¥ 47 5 55 fg
Y 3 U8 & (Load balancing and Eenergy saving flow
scheduling with iteration, LoadbE-it) , faj #% & JF &
AR R T o A o R
6.1 fi% R MKk

Sl K2 R BE R DL 3 Dl 3 e (1) ) 1 2 i
AR A R AT VR B X R O B O B B LA
BEOL e St s (2) X AT LAY Be 00 B B% b 0% B i
HEAT U B DA SE BT RE R RSOR  HAR Je S de fiks (3) 24
PO 234 v B i 11 67 28 AN X I X BN A AT R B
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. sed W3RN (1D Frs.

(14

Ho B BN 6,24 std, =0 B il e 070383 15 09 3
6.2 LoadbE &%

LoadbE 81 5 0 ia 17 H A B — WK fih & 1 %5 4
T B M G A BITE IS B4 b A2 R i R
FH PbRR B3 n K 8K J5 R FH AL T Ja 3 1) I 281K 25
XS pathset HI B AR AT VRN 28 VE A B
f BR AR AR O ] BE 1 42 LoadbE % ¥k 14 i ] &2 2%
5 OCGnn®) ARSI -

Bk 4. LoadbE.

A : BOE AR IR cookie, PODRR AT IREL n, ratioTM,

bwTM, favorTM

BEGIN

1. pathset< ,i<0;

2. WHILE i<n, DO

3. Using PbRR on the active topology to get a new

path; for cookie,i<—i+1;

4. IF path; € pathset, THEN

5. Increase the counter of path; ;

6. ELSE

7. Add path; to pathset, and set the counter of
path; is 1;

8. END IF

9. END WHILE

10. j<0;

11. WHILE j; <<n, DO

12.  Using PbRR on the global topology to get a new

path; for cookie, j<j+1;

13. IF path, € pathset, THEN

14. Increase the counter of parth; ;

15. ELSE

16. Add path; to pathset, and set the counter of
path; is 1;

17.  END IF

18. END WHILE

19. Select the best path of pathset as path;
20. Change the path of flow cookie with path;
21. Update ratioTM ,bwTM., favorTM

END

BB B /WA B T AR B AR R A

pathset o = { pathy s paths, s+, path,, } s W K & 5 %
1 path; W53 J5 A= (15) frw.

ki (1— Grmax;,—rmin;) +e, )+

score; =

m

1

{ Dk
ok ol path: B BB IR B rmax; , rmin; 2N path;
N2 i R R de RAE A e /NME 560 0 —
AW/ NBIE 3K s E path; N path W EEFE s maxE path
HMominE path 53 55 m A~ AR REAE o Y B R AR I8
/IMH.
6.3 LoadbE-it &%

LoadbE-it 533 i 4b 31 A% 4 /iy — 2k 19 2% A0 7E
WS AT 5 — 2B R AE 2 R b EET
FEUCGEACA AL F i ek T8 R AE B info, AL
P ARG B W T 2 AR AR L O R X S AR E
A7 2T 42 7 P 24 (01 23 o DT 28 ) o A O B A
TR I Y S5 D0 B A28 i S 2 1 JR0 08 JBE J5 Y  Z8R 28 L T F
5 YRS AT oA, AT HE 2 AR 25 S A A R
IR R UG E info, iH 5N (16) Proi.
(rfi—r)?

hop;
Horbarfi ) f 2253 B9 AT T 320 64 F- 23 58 R 3R
hop, J f: B I 12 Bk 8. info, 0 AR K, Fom H X
std, WS A LR K. LoadbE-it 5%k iy T 22 8 2 45
AN B U L I ELAE P A S0 AR L v O A e
W Z kA T DL [ R 4 B Ot D i
mr .

#i% 5. LoadbE-it.

A A EL itk i $h B topo, ratioTM, bwTM,

favorTM

BEGIN
1. i<=0,t0po=<1

maxE path — E path,;
maxE path —minE path—+¢,

(15)

(16)

info,=

2. WHILE i<Jitk and trigger conditions are satisfied,
DO
edgeset < , pathset < ;
IF i>|itk/2 |, THEN
topo<—0;
END IF

~ w

Select the best flow as f using (16);

Add the shortest path to pathset;

© [ee) ~ (=2} wl

Add each edge from the shortest path of f to
edgeset with the topo;

10.  FOR each edge; of edgeset, DO
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11. Get the shortest path path; of f without edge; ;
12. Add path; to pathset;

13.  END FOR

14.  Add the path of PbRR to pathset;

15.  Select the best path of pathset as path;

16.  IF the schedule for f is better than current, THEN

17. Change the path of f with path;
18. Update ratioTM,bwTM, favorTM;
19.  END IF

20, i<it1;

21. END WHILE

END

K (17) 24 LoadbE-it 5 3k o i ok H 8 3¥F 43 oK
B = rmax, BRI S R BEAE pach V8 TR M
2% rp 4 R F R B KA s sed AR R BIE WL f H Bk 4%
path 4 BE J5 P 2% 15 BREE 26 R T 2 R fE 25 s Ener, Ry
Bl R EEAR pach, VR EE 5 W 2% I BEFE s Enet o
Ry 2% DA g5 K B 8 AR I B REAE.

Enet;
Enet total

score;=rmax; X std.+ (1—rmax;) (17

7 MM

7.1 FEMHIERR

G BT T L R R A o 2 AR O A
O £ A K54 I IR R B 0 AR A L (R RR /ARG 3R
A 4% 70 5 R K4 A6 5 sz 22 JHL A A DA s e oA 4% 14 i I8
TR 28 AR K. ¢ B 20 5 % R P 238 0 A o 22 1R A
2 (18) frR.

(18)

Forpr R I 2R BRAE B 1 R R R %
BR A 6 114 - 24 ) 3, om S T BR B B A0 B H

LYK 2R FH 4 I 1 BEFE D) 324 R 1 g i 6 A
25 AR 23 B T o 1 AR AT AR Ak Rt H E R S
I 3 A I ) 2% 1 B Al 2 IR 4 ith 2T Y T AR
AR 23 B i [] Py I 28 1) R RE. ¢ B 220 ) 2% R #E 1t
F =X A9 PR,

ENetwork, :ZENodeﬁ+Z EEdge; (19)
i1 =1

R+ AN SO BR A % ) P 25 HBE #E 1% P 1 £
Vi 2 52 AR ML ) e I 45 2 i 1 17 R L.

(200 N AE ¢ I 2, 3 BR 5% B 1 ~F 2 0] H] 2
mean_ratio, ) 3155 1 2.

mean_ratio, =-— (20)
m
Hodr m R 36 BRBE I R E 0 ¢ B 200 BRAE B

HORRIDEE R
P28 14 BE S A3 ik ik 5 R 28 REAE A9 LU 2 (2D
N RILEAE ¢ 2B A AR chroughput  f TR DT 3

throughpuz‘,:theﬁ- Q2D
i=1

Horbvon g W ZVECHE WA H sraze; Ay ¢ 20 BE IR i
Y 2.

FITLL s W 258 78 ¢ B 20, BE 8K eta, 19 3158 J7
2 (22) frR.
_ throughput,

= (22)
ENetwork,

eta,

7.2 MLEEZE

i) ECMP % % f1 LABERIO %3 v &2 R
5T RER B Y A SO T S BN B S 7E T A
BERRI AL Z BTl AT TR

S ) ECMPIECMP) 58 - 850408 Ui 1) 35 42 il
fr I AR g o T 2 S R 1 B AR L 45 e
R4 5 — A0 A 19 3k 3R 45 B 4T Hash, UTTTAf 22
— AR AR B R AR . O3 Ah L TECMP 3503 44 745 e A
Pom AR 2 iy ECMP 5k b Y8 B A %0 0
B 4 B A0 T R IRCIR 285 5 24 71 A 1) BT A A DG4 I B Ak
TR AR AT B 5 25 ALK IR B

ek i) LABERIO (ILABERIO) & 3 : LABERIO
SR 1 o WL 5 R IBOAT: 3 T A S R AL R 1 2 0% B A
(] W 0 A s 220 1) 2 PR A Y B U B O
TERE T A W U B R — % %R AE W IR R AR
TE 4% B 7 2O 28 4 09 1 0 T LABERIO 5832 fi 1]
AR B I AR B K M 4 . ILABERIO B &
7 LABERIO Jfili EfmA 1T 5 IECMP A [F] B 15 A
Bk,
7.3 {FEXI|

AL SDN Hrgly 25 67 3 4 4 5 5 Re AL 1) 47 H 5
PR {3185 4 Intel (R) Core(TM) i5-4590 CPU@
3.30GHz,4. 00 GB N, #:4E & 4t 25 Ubuntu 16. 04
LTS . # ALl & T Python 2.7 523, DA Sublime
text 2 H FEIF &K T H . 7E Ubuntu 16. 04 & T
RiE17.

FE SDN -5 48 gl o A8 v, x4 4 °F 18 14 05 32
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Background

Software Defined Networking (SDN), as a new type of
network paradigm, solves the problems of overly-expanded
network protocols and difficulties in network innovation,
however, it still faces load balancing problem and energy
saving problems. Although there are many researches on load
balancing and energy saving, few mechanisms have been done
to solve both of them at the same time, therefore, this paper
designs a dynamic load balancing and energy saving mechanism.
Firstly, the traffic monitoring mechanism is designed to be
responsible for monitoring the real-time status of the network
and implementing flow measurement at the data flow level.
Secondly, a random routing algorithm based on link preferences
is proposed. Finally, based on the traffic monitoring mechanism

and the random routing algorithm, load balancing and energy
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saving flow scheduling (LoadbE) and load balancing and
energy saving flow scheduling with iteration (LoadbE-it) are
proposed respectively, which optimize the network resource
configuration and improve the network performance by
reasonable scheduling data flow in the network. Experimental
results show that the two flow scheduling algorithms proposed
in this paper are more effective and feasible than the
benchmark algorithms in terms of average link utilization and
energy efficiency.
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