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Flow Scheduling Policy for Burst Traffic in Data Center Networks

ZHANG Fan, HU Cheng-Chen

(Department of Computer Science and Technology, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The flow scheduling on cloud data center network is a hotspot at present. More practical flow scheduling assume that the flow
information is unknown in advance, but the performance of these scheduling scheme is not good enough. By combining the multi-level
feedback queue with the per-flow scheduling, this paper designs a multiple level scheduling scheme FISH based on the flow isolation,
which solves the queueing competition of different flows. Experimental results show that the proposed scheme has stable performance and
reduces the completion time of small flows by up to 8.6%.

Key words: data center network; flow scheduling; per-flow; multi-level feedback queues; flow completion time
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ANE s T PR S EORE FIE T PIAS M50 B v H 1t B A Tk S 2> 2 B R K MmN s R A1 A A —
Fht A BE 77 S AT CATE I B 5 R B 0 T BRAIE BT A AR TF T DA BR s R gt 8 AR5 1) S Lk /N AR 3 R B A

KT XEER L, BA T T (flow isolated scheduling hierarchy, & #K FISH),— 4y /N A 50 B9 B %2
OB e 2 R 77 98 FISH  SEEL T 752 2% 1O 254 v o0 P 48 300 B R 35 T SR AIE /N I3 7T DAAS 28 5 A i A L 1R KR
FE LN TR FCT.

WX 285 3 B B A 22 7%, [F) — AN A 1) AR A ) K /DN B4 98 0 HE A By KR T 582 10, T 9 PO 45 5. TG V2 o 1 3 B, e 8 X o
FE LT ARALE 2 AR B RO A EEWE 2FISH 51 N T per-flow 1, K N per-flow i & AT LS EAN A HEAT B3k )
P B A A3 B QoS ALY X T /N AR K (37, %2 PIAS J3 %, BATHIFH — A 2 2 B BA 1 (multi-level feedback
queues, K MLFQ)XTix L4747 1 & . MFLQ AR — /N K /N AR HR R 48 0 1 7219 8 8 H e B 2 AL 2k
24 B\ B H (KL /N 8 T 6 38 1 78 8 2 4 BA B0 o, K 00 B s B IR AR S R BA B ). T R per-flow 1 B 5
MFLQ B i & (AR 2, BRATXE MFLQ AT T 2469 & H e Habl b (K 4 — MR AR A BT R A £ A per-flow
BB, SEBL T — AN 2 i) MLFQ. . A — 4k 1 22 28 s i A B R R — N RR &5, T SE B 17 9 22 8] 1) B 5, ) )
WAL T SIF Bk

FRATTE B NS-2 B4 22U OVZE B9 1 W 4% 13 F o6 FISH JHEAT 7 3744 . 10 T PIAS 7630 1S B X L i i
JT PR HER H @, BT LA FISH 5 PIAS BT 1% Lb. 5258 45 B3R BH 76 35 @ i 2 9455 F,FISH s 5
PIAS #H 24 1B 75 I 2% Jat £ 2R K 1 L T FISH LU PIAS ff 1P RE SE I 5.

ASCES 1A RS AR A 2 T S2 06 R LA T 7 RAFAE I 1) LA 3 T VENA 48 FISH J7 R ) %
TF R AN ARSI 26 4 178 NS-2 BHIPAh FISH fE AR5t N RS, F M ot 4 26 5 TR gh e,

1 HXIE

WAHEKEXTHIE P LMK RBEENT, 5 FISH X0 TR pFabrict®! . DCTCPY. PIASE,
DQS!"!.pFabric & — R B AT A1 AT 5,5 I R B0 b R A B 2% L 370 U E 15 3o R 4% A1) pFabric. —
J5 25 B s AR R AL S T 5, 9 B 2 3 AL H R0 26 G BB R I AT U, 59— O T AT 17 B 1) T SR 4 o
X PSR FCT el fe . R A B4R T R & Fi S BB DUGHAS 20T %0 It 18 8 5 58 — AR A5 BE 4%
I 5% 66 T 4% A B I 1) R B 53 DCTCPI R Bt b R B 1 T80, B BECON A - J5 40 28 (0 TR )8, 3 A3
i PR R 328 T 2R AT 475 ], ORAIE S $ AL v 7 e 14 [R) B DA AR AR R 2 v o A ZRA8 AT, /N AR i T ARE R i T
1R 22 8 455 20 11 D7) B, PTA S IOL — Fob it v A ik I8 A M ¥ 5 3, BRI MIFLQ A 51 SR AR b 1 331 — 2%
KM SR FN I, 3 EL AR /ANGRURT CI FR B TR — /N3 400 2 2 3, Lh KL 9 5 T — K 40 A i ik, & 18
DCTCP, i — £ 4% 1 i i) A& v a].

Bl & EL I Y PR O R, 5 ol 5 AR 1R M 55 T LT R A W R L ] A - el P R S M 55 R A Y 8%
28 TR AR O (1) 1) L E A R 00 9 285 B UE R A% SR 0T R B R S5 © A A BRI 2 X LE 25 B AE I IE . B
B, AR A] S T T A AR SR VML IETF $2H 7 % olk % (integrated services, [ K IntServ) I ME 2. X 2%
B 28 48 K1l 23 AN [ AW 5 IntServ 2 — Fli 213 2 T IR0 QoS A, & AT LU AN Rk 55 ¥ 42 At v] 5 (1
QoS Per-flow 1l & AT LASRE FFI AN ] (4 8 £ 7 ¥ K VA J T AN [R) 90 O 4500 6, 1 85 AN ) B0 97, 19 S T B0 97 42 46 A 7
1) QoS &M AL et 7 20, b T-7E 2% Fh 3% A LAE J3 vHIIBA S 5 B ARFF AT, BT LA per-flow 8 B 43 AR SEER ) Rl A
K AEXFEN T, — MBI M AL =6 DQS B T Hi sk, vl il ik &N 3h 24 #h 3L 20 & 1M BB 51,
PR 1 A 35 B 5 48 per-flow W JE BR —FERIZCR M FISH % per-flow HEBAFLHI B VR FH 3 MLFQ ¥ L,

7 1 R 8 [ — I8 2 % v AN R K0 R IR 2 1D ) )7 v T AR B 0 5% 30 B B85 475 4R T A R O 114 2 P ().
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Fig.1 Test scenario for PIAS
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Fig.2 FCT of small flow in different scenarios
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Per-flow 1 FE /& 25 10 1A B2 07 20, 8 ARIE T AN 00 B 45 &, L CURF F mid B6 t isE T 22 AR R 7 s
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Fig.3 FISH scheduling graph
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Fig.4 FISH data packet processing
Kl 4 FISH #ds tL Ak 2R 2
N T B FISH AL HAL B per-flow i B2 5 10 5 B\ B FEAH 45 &, 52 B0 T — A48 1 vt
Per-Flow i & 7552 4 AL i B A SEI_E AT RA2y g BA A B i 25 ) 23 R sl 25 ) 23 i 25 ) 20 Bl 5 L B (B0 I 58 4
TR VF 22 8 B 8 75 3K 3 25 ) 20 R 448 3T P R /N AR i Dy S 7 T BA A7, 8o 42 A R R P S 7 40 0 R T L
AT DA 2 A (5] 8L FH o 14 B 19 98 7E 75 K.

© PEBEERKCEIFR  htps/www. jos. org. cn



TR S —FPiE R A AT 0 B P S W & LR R R 85

T RGN ESCILT per-flow JE, BAE L T 3125 B\ 53 = (dynamic queue sharing, & #X DQS)HL#I M,
NEAMHFERELZ NN ROEET B RS S — &SN Z NI ELT G, R RS H s Zin 6 2
FAF. 24— A~ BA B K ] (8] Ay 25 B, BA 371 sgh 2 0 38 ik . BA 1) 1) 280 bl 2 it 1 B8 v G SR ARG TR 4 i i 2 A i
0.5 1 BA B 32 i B B AR SE L BA B, BT LA R G N B BN 2 AN BABI an R AR 40, 84 R AR AT e R v e Ol i
—ANBAF.

CLE 3 3 1A 2 900, K0 f1 NS LE B & R B 5 8 N, R SR B et 7
BA%1 Queuel 1 F1 Queue2 1.[HHL,H T 2 WEE,RFGENEE T — 2B Queuel 2.BA%I Queuel 1 Fl
Queuel 2 FE =56 2% 0T LABA 51 Queuel 1 A1 Queuel 2 #4F & 3% B A1 rh A A3 6 R AN BA S X R A
— N Hdh L B AR A D7 S i BB SR B LR GR I Y P1—P6—P2—P7—P3—P4—P5 i miil
Se g BAB P B L R 36 58 KR JE  FF IR I B 2 AR e G A B R IR B AR . A B Queue2 1 RSB SR 2 BT DL R R
IR K 3% % BN FI B £2 BIECHE A1 P8—P9—P10. 24— B FIK ) 18] g 23 I, BA 371 3k 2 4 T e

DU 45 T BB & B

&% 1. Queue scheduling.

1 while All_queue_length>0

2 do for prio=1 to Prio_queue num

3 do while Prio_queue_length(prio)>0  /FIWi A — LI L NF B AT
4 do if queue[queid] length()>0

5 then queue_deque() 1184 AL H B

6 queid<queid+1  /4REBENF] T —AFAF

7 else queid—queid+1

8 return NULL

BRI LT, 2 Go e 2 1A v 0 e 2 BA 50 o 1 B 0, A8 224 1 0 S R BA 3w AN BT A /N R A7 FE B R /N —
ELABE U BT A Ak TARAIL S G A A1 o (0 R R 2 3R T O 7 A R A I R BT THT B I A P A AR S R A
Bt 98 7 He g 1A R B0 56 2, B A3 — B8 20 e D0 S 4 b B, AR U5 7 A 38 — B AR P 4 b O UL, IR T DA AR
UEARAIL S 2 b B KRS £ TR S,

4 SIS

AT NS-2 ¥4 T FISH. [ 220 AN ¢ 4 i) Sk P74

(1) FISH LM E R BERE T RI 28T NS-2 #4415 PIAS ML, E— KR IR T, FISH 5
PIAS T REMI Z A KGR B K IR T FISH 55 PIAS M Eb 28 /NG 27 10 58 B 18] b 5 K FRAIR T 3.23%,
TE 99% 1) /ML 52 I TA]_E f KFEAR T 19.92%.

(2) FISH 7E K ZYHH5 A0 X 45 v 32 L4 47T 24 FH K RIS NS-2 B 4L, 45 S 3% W FISH ] LAY Ji2 21| K ZY #5045
DM 5 PIAS AHEL, AT DALEAR RFERE LN NIRRT FCT. 2t Mk, 76 W 46 38 R A7 80 F L BRAK 7 /N7 1
FCT ik 8.6%, % T 9% /N 734 FCT % =1 7] LI/ 20.9%.

4.1 fEERAIMLIE

FATAL B A B 0 7 3 T TR L AR R B R I T FISH R L.

PG O T B E FISH I &k, A NS-2 #5 7 — AR, Bl 1 FiR.2 SRS #EH 1 G55#H
BL,2 & MR 5548 25 il D i B2 04 R 328 v RN B S0ty R 45 s 380 28 36 1 1) 6 2K B 10Gbps 85 7%

T A P L S 1 O % 4 2R 55 LM Sy i R R, R 3K o [ R UAC 2 0% 1000 R U I K /N B A A3 A
7E 1KB~10M 2 I0], 31 K /N I 28 43 A1 o6 B0 (8] 5 BT AR SR 06 o 1 B O 26 48 2R 6 3K /N 80%, AR 18 7 1A R /1N
BRI A 3 /NA(0,100KB]. H A7 (100K B, 10MBHIK i (10MB, o).
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Fig.5 Flow distribution
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/N 2.64%7F0 3.23%;FISH Lt PIAS 7E 99% ¥ /N ~F-35) 58 B 18] _E 2300/ 1 19.92%F0 2.2%. — i & 3R 5%
{737 380325 ] B Lb 86K PTAS = (147 A 271 3] B 49 22 2% 9 o ) AFDARE 28 B8R KK, T X 475 v AR Lk FISHL R 48 (4 FHL BT
DL FISH I PIAS 14 B 22 FE A ORI It 52t 5 R 2 1 BA 71 22 400 o5 R PR AR 8 388 o S B FISH B vl BASE 22 K
YR (0 B AL 35 T LA FISH (K Bl 2 EL PIAS Z i

BE XA /N FR R AN K I 1 58 B AT, FISH 5 PIAS M ZE AT 0.6%, W36 1 fils€ 23X & i1 -F FISH
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Fig.6 FCT of small flow in the Web search workload
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Table 1 FCT of medium flows
F=1 HARMF FCT
TR BIA (1 3417 B (ms) b B °F- ) FCT(ms)

PIAS FISH

1 11.133 11.157
0.1 37.907 38.133
0.01 43.296 43.534

Table 2 FCT of large flows
2 KM FCT
525 1 S s
S5 0749 71 i (ms) STt FCT(ms)

PIAS FISH

1 79.672 79.450
0.1 122.966 123.287
0.01 128.476 128.198

4.2 BB OMEIRIN
N T WLEZ FISH 75 £di o 0 W 2% Hh PR RS FRATHE NS-2 EREE T —ANE0ds o0 1 X 45 4 b 2R on BARFE Ay A
AT B EEE O PG AR T FISH. A0 0 P 28 46 3 5% P BUAE LL 2508 1K 6 (leaf-spine) 45 #4112, 1
7 fin,—IE 4 AL, 4 EFZHEYLA 16 & ARS8 ML AT EERE N 20Gbps, FATHEE N
10Gbps; Iz 25 %5 9 P A T k5 20 PR i 4t 800 45 KB M 448 R A K/ 80%. FRATIEFEZE 4.1 AT45 H 1 sLia
HIREAE A& Fuak, VA 200K (A1 R&, M FISH 75 % Mt £ 38 T P fg.
( ToR

——
(ToR ) (TR ) ToR ] (ToR )

4 Servers 4 Servers 4 Servers 4 Servers

Fig.7 Data center network topology

K7 ol o M

S g8 B OR fE/NR AL EE | FISH B &40 T PIAS.FISH FAAE T /N T34 58 B 18] 7 7A . 8.6%, 41K T
99% HJ /N T 18 e i i T B3¢ i FTIA 20.9%. 5T Ff B A AN K 38 FISH F 1 A ¥ PIAS 84 U {H 2 FISH 55 PIAS
HZEA T 3.8%.

20 FISH PE R I ANE 5 ALK A B A ¢, 1 B 588 4 2 A4t 75 1R K026 R BRI 25 =48 14 02 AT BA 1 el LA
FNE R R IR T AR BB A=A T FISH 5 PIAS 78/ [R9 35 18] FF (A7) T % /N B AL 31 6g 1,
seog g R 8 A 9 FroR, HoH FISH-240. FISH-480 Al FISH-960 4373 7~ FISH 1 [ BA 51 5 K A LLZR 44 240
AL 480 ANF1 960 ML SR HR R AT R B, BA S 25 S0 FISH B 520 EL s K 78 i 2 58 RS i N FISH B PERE I
5 BB 25 5 PR DR /s 522 TEAH S S T/ R AR T B A R AR R I I 8(a) T /s AN [R) 25 & T 11 FISH EE PIAS
PEBEHR LT, 25 v T LA 1 9.5%. 3 2 PR Ay, T 11 21055 ] B L 5 K FISH HP (14 BA 51 4 5090 0, o5 376 10 M 26 L AR,
A 71 28 25 40, 1 B P 5 0 b A 2D B LB B 45 B I AR Ak FISH S2M A K ER B R R, K 8(b)FE 8(c)
f7R, FISH TERABIZR N 240 AN I REEE PIAS 4F,BE & A5 & % Wi A8 K FISH 114 A 4 12 Wi i i
PIAS. B AL 4 1 S5 K E T34 A (R BAF 25500 240 AL, 58 Sz 1R 30 B 8 5 6 1K) A 270 46 4R 461 0 I 1) 19 g 5
WM LA R ECRE WEUE 0 E A, AT FISH 7E BB 2 A% K RETT B I% A PIAS 4 H 2, a1 & 8(b)~K
8(g)FTm, i #5 FISH (1 IAF 25 S (AN W4 18, 75 B AR /N U~ 350 58 BT TRLRT 99% [ /0Nt~ 35) 58 BB 1) 1= FISH. 1)
P BRI KR 175 G 7E TR B IR A 0.01ms B, B 35 BA B 25 52 (9 A Wi 386 K76 99% 1 /NIt 1 35 78 BT 1] 1= 78 BA
HI45 84 480 LS FISH L PIAS PERE 1.8%;1EBAFI A &R 960 /M ELIS FISH Lt PIAS 1 #85 8.2%. HH T-PA
BB T R K25 [0 5 AT LA 2R 9N B8 22 1 95 5 RO I S AL FISH EA B R 2] 960 AR (1 B8 B AR T
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Fig.8 FCT for small flows by FISH and PIAS under the data center network
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Fig.9 FCT for medium and large flows by FISH and PIAS in the data center network
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