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Traffic Balancing in Data Center Networks
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Abstract: There are many optional paths between any server pair in modern data center networks. Traffic balancing among the paths is
an important issue. Many solutions have been proposed to cope with this problem. This paper analyzes traffic balancing in data center
networks with multi-tier Clos-based topology. The feature of data center networks is introduced and the traffic balancing problem is
defined as minimizing the maximum potential packet loss among different equivalent links. Then the reasons of potential packet loss are
summarized in data center networks and two main challenges are discussed related to traffic balancing: packet out-of-order and burst
congestion. Ten existing solutions are classified into four categories: active scheduling, slice spraying, probing and adjusting, and others.
The advantages of these solutions are described one by one in details, as well as their disadvantages. A comparison is made among these
solutions and possible research directions are pointed out on traffic balancing in data center networks.
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Fig.1 Data center network with multi-tier Clos topology

1 £JZ Clos 5 #5030 e 4 4%

FELr LA LR HE 10 9 8% 45 F AT 4 5 SCh AT T 1) Clos 199 44 (FCNPY, 1 Fat Treel 347 K 22 HifE s b b A o
{1 R v 00 D 8 90 A 3K 90 M 1) 132 S (A Facebook: (1 44 v M sl ) 422 48 B (U1 Google (1 H4E 1) 348

© TEBREEEEIEDT  htp/ www. jos. org. cn



At F BB T SR T IR EHH 245

I3 USRS /N B B oo 0 255 B S L o6 IR AIE, AR ] Spine-Leaf 45 4] ) HCHs 00 99 2 (P )28, 2 — 70 A1) AH 2

ZAGOLT B 10 45 SEBR IS AT I3 40 S5 84 T AN 2 A% SRR I

B 5 B v 90 4% P U A SR I I8 P BE T AT K 2 OB 0 I 4 R IR 45 95 I HE N TE R R
10Gbps,40Gbps £ 252 100Gbps, I A2 e 4% /L (fabric) (R4 i lf 56 1 23 A5 7] — K/ sl By O 1 $2 (78 A2 K0t
4347 %E (bisection bandwidth), £ /0 9 45 25 )X 1T i B A1 58 Wi 81 L (oversubscription, 6 — |2 AT # L IE 3 T
JEAS AL B IR 45 35 1K 507 58 L5 e 48 b 2 A ML i B8 2 EL). A, 22 BOK TR v 0o P 4 3 T TP AT e R
LI — BB N (P ES 1 2B HL T ) B IR S5 4 4 T 7] — P B AL T Rl BL SR 2 1] 1) IR 25 2% T 4 T A ] ) B
1.2 EMERERENE

TEHAE PO P2 rp 7R — AN UR IR 25 28 A0 — A H IR 25 38 T 75 508 AR 20 16 W 308 I 478 3 168 T B SR AR 7 A
H LR b 32 v — F A AT 7] 45 (i A B TR L, A e LAt 5 K ) ECMP FR L (T 4L 735 ) B o 43 WA
AN [R) ( v 308 B A v 3 B g SCEEAN B I KM X T W AT 1) B 3 1, — ) I LT (1) R I 2 HE AT 1) B 6 72 2 i 1)
KAL) Ty S F8 A 1) % R R o () A e L), G SR 1 0 0 AT TRLE, B gy R8T, AL T 2, ) IS i — AN A
PR 9% itk % L BB AT LU TR B0, 2 R AN W BA T T A B0, 83X 9 4% B L Dk S A B el T A i B
R—RARAL AR SRR S A, Rk, v] UFE 2 al Bk — 20 5@ AE M .

Bt 7R 1 R AN RS 2% S BIIRSS 2% D U, A0 EAT U7 10 (R 2 A8 L ) 8 J2 A BB LG R 19 7 1)),
Ci—B, 5 C\—>B, X WIS SN I0,B1—>A4,,B1—>A5,B,—>A45,B,—>A, 1X 4 5858 S0 10 R BE R /6 N 4705
) (781 J2 22 e L A 2 2T e WL A% B )5 1]),B3—>Cs Y By—>Cy X S BEBE N T — A5 25,4,—B3,43— B3,
Ay—>By,Ay—>By X 4 SRR B T — AN S M.

BT R A, 3K B A B N — A 5 A AR TR PR T SR A A A (W) (AR o 1 R S IS LT,
o — 4 AR I B A Bl i 1 2R A0, (H A A b0 B S AR R AR JU R A A5 i i, DRk AN TR B AR T
AR 1L PEAEAT AL E 2 v (R A B S AR AR AH ) 1.

H5 v o0 TP 6% i 30 4 ) R A AT S e R T RE A AT b o AT R X S AR R K 2 h TEAR R T
GG 9 R ST o Ak B 2 R AR A R 40 A T I, 2 SR < d R B R R e MG IXRE I ALK H
B SR, 75 B4 0 0 26 U8 34 887 3K — Il A0 b, A B SR B X RE AT A0 B b, DR 8 4 8 R 26 2 — A4 3
B, 75 T3 A N R) RUBE b R A S 2k 55 AR e (9 2 FH S LUV B B AR 8 1) SRR T 0 oo P9 488 3t A
FEASCRAE T AL X1 75 3K

DAL, A S 5 oo TP 45 0 e AT 1) B b s SR o /N A B 0 A B 1) B DRV A 5 L X BRIV e R B RE
AIER I LA, WA ECN JrrniR i B U 28 55 TR 28 i — A 23 AR 4 BECN Ar YRR 16 8 4 1) R 3. 2 fir LA
DLV TE A0 0 H bR, 2 DAL oA HORE 504 w0 9 286 v 1 Y 53 i 15K, 4 408 35 48 v s I ) (9 4 2 40 A an SR T
DA R A W 7 A, TR N SR VTN S 288 v 18 Bt JFC R P o3 A 222 AR R T S 4 TRAT I % W (384 o T % 5 2 &
AT REHE Iy 1L ) LAk 2R 23 45 % H AR,

1.3 Z88EESH

LTI B IR U ik S8 4 1Y) 2 EE A 2 SR AT R AR AN A AN B B 1 o K B A A T L U L M g b R
FTEE 3 AN SR DR L p e AL TR R DL R BRI ZE (AN I8 2 ). % B ) R R TE B 4 R AR AR
(e i A 5 | ) S b S 45 A 7S o I PR G P 25 A0 5 9 % ) L 18 DT 8 46 0 B T 3 AR R A 25, v
TR Ay e 2 BRI O, e it 1) T 4 M AR AR b R B R e T e I R I R R [ K S T
A e L% DX T SF ) B LA 25 Y FE A0 R 1) ECN B i S 4 ZE A0 DG, R b AU & 7E 28 3 Ap fu.

B R LA PR AT R I D B, — R R A B R A E e A SR SR B 2 X — T AE (W TCP Incast) 7 1E;

J2 UL O3 AT AN K 0 ) S T L . P R A A T K T (A SO T A ndme [] SR A 9] 1) AT 0 AN G
A1 58 75 KN d AU, B2 AT TE m AN BN ¢ A BE IS T 0 2 nd>me, 9 25 1 B4 58 30 8 0 R nd <<me,

© PEBEBPHIFST  hip:/www, jos. org. cn



246 Journal of Software ¥4 34R Vol.27, Supplement (2), December 2016

WU SR AR RE AT 1 20 B B A A BA B T IR ) Jeg - 9 A A4 B0, 2 =3, m=4 H. d=c W, 00 R — AW
P 255 45 A B 5 PR 3 2 AH ) (¥ (LA ECMIP 4 91), 8 2 A AR AT 62.5% IR 2 Do B 1 2 (RIDRE I AN BICE 22 3 A8 45 )
— AR ).

Packet loss
Routing Device Link
Problems problems congestion
Overall Traffic
bandwidth unbalance
Hash Long-term Asymmetric
collision large Flows topology

Fig.2 Reasons of packet loss in data center networks
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Traffic balancing solutions in data center networks
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Fig.3 Categories of traffic blancing solutions in data center networks
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Table 1 Comparison of traffic balancing solutions in data center networks
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