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MR (3) s, HAGERL MR BXC A4 B
g x WSS @ I, ST HAL I R R A 4
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T;(x) = flx +1) - f(x) (2)
Hr,

Lx“ = f1 (%) x < =kC_,

fx) =

%(x —a)? +b =f(x) x>kC,,

B>a>2 (3)

a\b.a, B WHHBERE f(x) L iELE I, H oy

PR Ce WERBHLR KRR, £C,.. AR ZE
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, 1 € path (4)

score _table =

%1 Load Balancing for Flow Table

1 while new _ flow do

2 foreach path in paths do
3 foreach sw in path do
4 if table(sw) < kC,,, then

5 load(sw) <« f, (table(sw) )
6 else

7 load(sw) <« f, (table(sw) )
8 end if

9 if table(sw) +1<kC,, then
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10 load2 (sw) <« f, (table(sw) + 1)

11 else

12 load2 (sw) < f, (table(sw) + 1)

13 end if

14 inc(sw) < load2 (sw)-load(sw)

15 inc,,., (path) < inc,,, (path) + inc(sw)
16 end do

17 min _ free,,, (path) < min{ C,, - table(sw) |

min _ free,,,, (path)
inc, ., (path)

18 score,, (path) «—

19 end do
20  path < argmax { score,,, (path) | path € paths}
21 end while

Horp, table(sw) SHEZHA sw v LR T A0 B L 5%
EHEL, load(sw) Fl load2 (sw) 535 A 2)3E L Hibl
sw AR IZSSHAL A R R A PEANE, inc(sw)
FARTMBIE R, min _ free,,, (path) }j 4 path t
TR B/ NRI A&, score,,,, (path) R 4% i %
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[Fi) =% PR R 0 R/ LA B i Bt B O, =X (S)
FiR o HARFRE R/ o BRI B 2 2 FIA 58
o BYBERE b, S BB R A0 1 4H

L, (x,0) =g(x +v) - g(x) (5)
Hr, g(w) HEER S BITAN KL, 7] f(2) 200, e
—AFER R R AR TE g(x) 1, 0 FEA
HERSPHZE A . B C A IS A B, WA
TE VLR ZE , e PRI 1K 3R T v A R ROV 2B
BEATIEMY o TR, 2 R R U R 3 20 40 2k Bt B B
SR B VR RS O B B B A 2, AR AR TR R
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)i, 25 RS B A AU I, B AR BE BRI 20T
AR (6) FrR .

min { Bi’j}
z L (x,v) ’
Hr, B, AL i, j [H) HEBE 0T AR TE,
min{B, ;| N A path W) /) HE B R A0 9T,
L (x0) WEETERERS SRR,

K R 03I 5 A
Sk DV o 1o P 85 9 AR 20 AR Sl R B AR A3
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RE WS RIS UNREIE 2 s,

score _link = i,j € path (6)

Hik2
1 while elephant _ flow do

Elephant _ flows Rerouting

2 v+« speed(elephant _flow)
3 foreach path in paths do

4 foreach link in path do

5 if bw(link) <kB,,, then

6 load(link) «— g, (bw(link))
7 else

8 load(link) < g, (bw(link) )
9 end if

10 if bw(link) +v<kB,,, then

11 load2 (link) «— g, (bw(link) + v)

12 else

13 load2 (link) < g, (bw(link) +v)

14 end if

15 inc(link) < load2 (link)-load( link)

16 inc,, (path) « inc,, (path) + inc(link)
17 end do

18 min _ free,, (path) < min{B,, - bw(link) |

min _ free,, (path)
1 . _—
9 scorey,, (path) «— ine s (path)

20 end do

21  path, « argmax{score;, (path) | path e paths}
22 paths2 <— remove path,, from paths

23 path, < argmax {score,,, (path) | path e paths2 |
24 end while

Hrr, bw(link) 4% ¥ link © 5%, load(link)
1 load2 (Link) 433 2k T 58 B 1K % [ AT J P04 5 £
WAL B, inc(link) 5 B 1 203 &, min _
free,, (path) JB&A% path FEEH MR/ NFIAK R,
score,, (path) R FEREEHITIT o

(2) 53 iisk

EEY S R =i 3 G e NS = - |
o , W4 v R e BT BB AT UBUIRES , BB
BRI o £ XA, AR SCHE S TR

PRI T SRR s 2 S e 0 8 ) D 44
B AR AR R . 2 W 44 B 1 A
BT, B S M RIS A R A, S
BAEF AR BEAR B A A e . P4 v B ik o i (O
AR KARHFLE A [R5 ) 7T B X % £ 3 24 i
BARFFE M, FBORLEL 4330, AT 25 W 457 K B
BIHFE. R, A SCRAISCER (9 1 o 38, ik B 11
BRI BEFESE m AR T gk ¥ B A, D0 ) by
IH I P 2% 5 I8 £ AN 14

SRR B R A 7 22O, 5 (7)™
iz

1 2
8= 2 (L+lu,;(1) —u, (1) (7)

i, jepath

Bi,j<t)
0 (8)

Herb, B, (1) o Y252 0[] 4 % A4 2
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9E, C,,;(¢) NEERBRA L, u, (1) AEEEH TEA
R, u,,, () 94 FEE B2 SEA AR, N A K
SRS, BT u (0) - u, (1) | FEO 51
Z 8], A 1 AT & {EAR AT BRI SE R, DT S8 55 4 W
P28 B B A B AR UL

04 0 2] X 4 0 AN B R 4 O B
A2 B A BE b B0 B R B R, O T2 4
Pyt b RABTFEPIIE RN . A A, TR AR
B e AR R R s A 71, NIZ KRR
T2 2R A Bt AR v, BEPEBR T AR Z AR Fie /)
AR T I K I AR AE DB 4 0 AR I T 4 3R AL
H,

HEMEIA AT

Boain 100 (9)
Bback_up + Bmain -0 x

weight, . =
Bk up
Bk up + Brain —
HH, Boin s Bros .y 730 EBRAR 2503 BEAR 5 B TR
A TERRAE, v Rk T 2 B KRR Wi 9
SrRE DV RS I RE 3

weighty, ., = S X 100 (10)

%3
1 while link load imbalance do
2 foreach link in links do

Flow Shunting

3 utilization( link) < port _ state(link)
end do

link,,, «— argmax {utilization(link) | link e links}

foreach flow in flow _ set do
v(flow) «— flow _ state(flow)
end do
10 flow,,, <« argmax{v(flow) | flow e flow _set}

4
5
6  flow _set < elephant _ flow(link,,, )
i
8
9

11 path < path _ backup(flow,,, )
12 if congestion links in path then
13 calculate new path

14 calculate weight

15 else

16  calculate weight

17 end if

18 end while

HA, utilization(link) J8ERE link WA 5 A FH 2R,
link,,, X34 W 6E HA HI 2B R B BEEK , flow _ set
— 584 —

% R GR
Ko

7, flow,,. HZEE PR

3 GRERERLMN

3.1 {FEBp=HER

Mininet' "' & — 3 AT 7E Linux T 847 B M 45 5
FLAS, BEAE 5 (58 1 B 22 R 400 DX 4%, S S X 4% 4 D Sk
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SR . SCHALEF S HF OpenFlow H3LAY Open
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P SE8Grh , 4 M 581 8 O 100 Mbps, 38 #e L
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3.2 hEZRESW

A SO TR B 9 JLBFTL &3 5 SRL + FlowFit .
L2RM B AT5E b, 3 MOF- 1 E A 573575 52 A
FHER A8 3 AN J5 T T3 3 Fh A 1 4514
B, M3 B4 mR5F 1 K2 HEE,NZGER
HA] DR, A L F L2RM 5 SRL + FlowFit, 48 3C it
$2 JLBFTL 95735 F AL R AR 3 X 8] PRI
T 12.6% F1 11. 6% , V¥4 e M H R P44 FA T
9.3% M 14.7% , XM T SRL + FlowFit H%E T
W 2445 e A7 BRI, T 200 T S LI R R A PR
M), 2 5 51 & R b, F8E A L2RM B
1 BhAS VR 2 A DR s [ R % A O 2% s 1, (L
BEML BRI LR A e , 75 5 A I o A 2, 3 &
FAMEIER , JLBFTL [ i 2% R i 26 1 3 4 15 5 %
M50 BRI, REREAE AR AR TR U R RN B 2R, L
HARRE T4 H 28 HdE R0 % R w15
i, T EEMAAER , i3 JLBFTL 5535 (1 F- 1
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ZARAE R SO RS E %

50 4

FHEEE (%)
=S &

(o4
[=]
1

> JLBFTL
& - SRL+FlowFit
—e— L2RM
.-
']
PR
P
PR
L]
4
-
> - »>

&2 JLBFIL 88Tttt 75 SRE F 733 F ARG 2

100

=l
(=]
J

80

70 4

IR E (%)

60
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Vi 2L M F (Mbit/min)
E3 3#MEZFHEGCEILE

40 80 120 160 200 240 280 320 360 400

LA SRL + FlowFit(%)  I12RM(%)
(Mbit/min)
40 6.1 10.7
80 4.8 8.9
120 4.5 6.1
160 18.1 9.7
200 19.7 9.9
240 20.9 9.1
280 18.2 13.4
320 19.5 9.7
360 20.8 6.7
40 ~360 14.7 9.3

—»— JLBFTL
—a— SRL+FlowFit
—e— L2RM

#1 JLBFTL R TXILARHFHEAETHEE

MEEHEF (Mbit/min)
4 3FMEETEHEEMNAELR

T T T T T T 1
40 80 120 160 200 240 280 320 360 400

/("tﬁl’ffi SRL + FlowFit(% )  L2RM(%)
40 -0.7 7.1
30 3.7 12.6
120 4.9 10.6
160 14.3 13.5
200 17.7 14.3
240 20.6 13.0
280 17.2 15.2
320 15.7 16.7
360 11.7 11.3

40 ~ 360 11.6 12.6

H & 5 7] %0, 76 A nk & J7 1, JLBFTL AH %% F
[2RM # —E W&+, B4R 12RM 1 JLBFTL 7 %
HIBD A A i 2 oK 2% R BE B OIRZS, 1H JLBFTL X K4
VAT T B DLAR AR TR 0 B B B, R U,
L2RM 7E4 B £ B39 85 5 EROR AME, TR RIER
R L, i H Ak & AKF JLBFTL, JLBFTL 5
SRL + FlowFit A ., 24 ® 4% 3t 5 2] 15 3 R /N F 280
Mbit/min it , JLBFTL % it &% F SRL + FlowFit;
EWFNIABOR K JLBFTL ik & B At T
SRL + FlowFit, X HF SRL + FlowFit 7£ %% b %1 44
fmt 2% 8 T BEBOIR S, T JUBFTL Ik % 18 , 76 1% i)
# JLBFTL Al 85| & KR MM %, B KR E M %
£, MR R, (ARE NS ENIE L, Wi
TN EE , SRL + FlowFit /)35 KU 8 B 7 2 vl BB
5 BOHTHE I 191 28 o LR, JLBFTL 1 ) 43 i ML 1

400 -
—»— JLBFTL
—=— SRL+FlowFit
30| = L2RM

300
250 4
200
150 -

At (Mbit/s)

100

50

0 : : : . . : : : )
40 80 120 160 200 240 280 320 360 400
MENIEHEFE (Mbit/min)

ES5 3MEZFHERE
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TRERHIE R IR S i A B S s B A A 5
F i BRI SN R SR/MNRRFRA RN
IaALRE e, SEBR R . XTI B KRG, %
JE R AR S 7 R S R S /) B B R AR O
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RATA RO T L Bk B R I . 7 B A5 R R
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An efficient joint load balancing algorithm for

flow tables and links in data center

Fu Qiongxiao, Sun Enchang, Wang Qianwen, Li Meng, Zhang Yanhua
(Faculty of Information Technology, Beijing University of Technology, Beijing 100124 )
Abstract

In data center networks based on software defined network (SDN) , mice-flows have low bandwidth, short du-
ration and high proportion which tends to cause flow table load imbalance. On the contrary, elephant-flows tend to
cause link load imbalance. According to the characteristics mentioned above, an efficient joint load balancing algo-
rithm for flow tables and links (JLBFTL) is proposed in data center. In the algorithm, all new flows are regarded
as mice-flows, the evaluation index of flow tables is introduced to evaluate and select the path for routing, realizing
flow table load balance. Periodically monitoring the flows in the network, and for newly detected elephant-flows,
the evaluation index of links is introduced to evaluate and select the path , realizing link load balance. In addition,
a large amount of sudden traffic may lead to the overload of some links, resulting in link load imbalance. At this
time, this paper proposes to realize link load balance quickly by selecting appropriate elephant-flow and using the
backup path and group table for efficient triage. Simulation results show that, compared with SRL + FlowFit and
L2RM, the proposed JLBFTL algorithm can reduce packet loss rate, while increase bandwidth utilization and
throughput to different degrees, finally improve network performance.

Key words: software defined network (SDN) , data center network , load balance for flow table, load balance
for link
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