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Slack Time and Accumulation-Based Mix-flow
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ZANG Wei-fei, LAN Ju-long, HU Yu-xiang
( National Digital Switching System Engineering & Technological Research Center ,Zhengzhou ,Henan 450002 , China)

Abstract: Applications deployed in data center networks generate a mix of flows with and without deadlines. To re-
duce the average flow complete time ( AFCT) while maintain a low deadline miss rate (DMR) ,a slack time and accumula-
tion-based mix-flow scheduling mechanism ( STAM) is proposed in this paper. Firstly,the delay tolerance of deadline flows
on non-deadline flows is measured with the introduction of Slack Time. Then the cost of complete time of non-deadline
flows is reduced by completing deadline flows barely before their deadlines. Lastly ,non-deadline flow is scheduled according
to the number of bytes it has sent to reduce the average flow completion time. Experiment results show that the proposed

mechanism can effectively reduce the average flow completion time of non-deadline flows while maintaining low deadline

miss rate.
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REFERE B T T 0o, 455 A sC e pL ] $2 4k 2 AL 5k
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3 e g o BE A W AR Se PR AT ROE , S Pl H AR A
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Ui AT 32 AL BIME , A R REAIR 1 3L 1 - 12 58 A
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SR R I 12 VR BE AH 45 G 19 5k AT DUA RO 1 T 1 4
b AH AR T RIGHEA TR, B R5 2 TCP PRl 1T
k.
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e R A SCHR M T — Rl B TR st )R] 5 2R ik
VRS V8 B HLE (Slack Time and Accumulation-based
Mix-flow Scheduling, STAM ) . 4 ¥ 4% % A= Y1 20, =ML
AT 22 90 i BB XoF i 2% T 14 AR Sl Rk AT ok SR A
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(1) it T —FPE SR G R Se FR BE AL L i
BT LATE 7 28 e bl b 58 35 3058, HLAS 5 B 0 A4 i
2P T B

(2) 28 T A sy b (] i ME A, 30 A A 4B L s 1) 3
BRI st FSF ] 920 AL s 0 38 79 5 BB TR) ] B R AT
T L o [ 2R .

(3) FEMEAF- EASAL T Incast [W] 25 30 A EC 5K )
Syt SEA R EEVLRISEAT X e, 500 T STAM
P fE.
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Bl SFEERETIERE

HA A packet

it : Queue //VHPEFFHY

(1) If packet. type =SYN/FIN/data packet // F=H1 MU
(2)  If packet. ECN =11 // 4 2% % 3% P ZE it

(3) DeadlineQueue = SlackTimebasedPolicy () ;

(4) NonDeadlineQueue = AccumulationbasedPolicy( ) ;

(5) ACKqueue = DeadlineQueue U NonDeadlineQueue ;
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(6) HUE ACK BASIBRICAE A ACK 23+ DSCP 1 B, , Win,
(7) Else 3.71, lfBiES(T9WLni)
(8) ACKqueue =FCFS(); 7= 2("%”i“§’ (2)
(9)  End if ‘ .

) - > Win, -1
(10)  End if /1/4 (Win,-1)" +2B, - else

(11)  If packet. type = ACK // FHL Ny K 2% Vi

(12) M ACK #5417 195 R 3R

(13) If (Queue = null)

(14) Queue = LAS;

(15)  Endif;

(16) If packet. ECN =11

(17) H4E ACK BAF 147751 006 R 3% 7 51 5
(18) End if;

(19) M4 ACK BRI bR IC B34 B A2 623 rf DSCP 3
(20) End if;

(21) Return Queue;
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AT
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Hop  RTT"™ N F — 5 (AL R I 4E , RTT, " Sy H iy
KRR G RTT W INACE- Y18, RTT .\ R BB —%8
RTT W RAE(H. w e [0,1 ] AL EH.
W df, W) A2 4K 1L B 24 Deadline, W) 448 RTT
AL, T RS st B T ) 31 3AE 8
_ Deadline
slack = Tr
AR BIRA ST E] T, <O, RINZR TG IE7E UL
s 18] P 52 GRS, D) & 2% g 3R ] FIN 40 2% (19220 B 4% B
DA/ AR U i HE BA T Z2E.
4.2 RERBERE
TG, X B B R AT UG e R AR 22 bR
T F ECN ML, B D ACE — A EE K, 24 5T
A BN ) S B S A, A X 3 B AT AR e
WML IA N Z&BAS P, 1 <j <N, PSS
B, A BABN LS A T g 4% BA 1) FT 455 94 1Y) e
KBAFIKE R K/N AR R ASS B LR M/ M/
1 HEBABE RIS Hep 3 ) 3k 58 e LB 1) £ F 2 B
BN A SR HF AR 55 A0 w, W) A RN
A A PR BR A u, RoREH j 4BAFI Y
2 iR 55
BT —%8 RTT B HESAESS j BAS b i $i s £ S 4
1CAE ;o PIHER E[x, < K/N ] UHEA P, BT
FGEH AN

T ~RTT, (4)

A, = AE[x,J<AL K/N | (5)
PR S 2R ™ M8 B O S R BE DU , T LA
AR/ NIRRT BE T 8 e FTRIT 7 — 1 2R BB 28 IR A AR,

AR BAFZ R O RE 5 R BA 81 0 5 3 B = ﬁyﬁ.
5 PHONRSS B o, = o, AT OB N 1 - p, =
1 —f:‘;%i Pzt P AR T, = (1 - p, s B
KA U PR

M = ﬁ(l - p, )1 (6)

Horl o, = 0. IIFESS 7 4 BAB e (0 B 45 8 LR ) 3
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0, T, <0 > //RGIRETE B
F(T) = {1 —pe T 50 (7) % :NonDeadlineQueue //AE# 11 il 3 ACK 1 51

AR B L ST [V 8 )R A S 53 A bR, A5 4%
BAZ) B4 S AL 5 A BA R B A 1y FH Ao 17 B S L P, AT
E BT AR A L I 18] 45 2 30k $12 g I A8 L P 18] 1) 4%
R ,me (0,0.01],55 F(T,) =1 -, 0 P, #3E{l5x
K HEBA B 4E Ay

T.=F"'(1-n) (8)

R A 2% A L I 1) 3t 5 2% BA A o 28 3 ) 30 AL e
HEBN B SEE A7 3l B[], S 32 0 36 45 38 1 10 SE 2B
LR it AN R /N W B

j=maxi{z,eT, =T.| (9)

1<z<N

Hodr  #aat LB R F e e [0,1], BRI T 8% A [a) 378 w] 2L
A A28 it o ] 90 R 35 T 08 st ERE () 1% 10 5 9 o R
Mm% SlackTimebasedPolicy #N%& ¥ 2 7K.

&3i%£2 SlackTimebasedPolicy

ffii A : DeadlineFlowSet //# 1k I [ i 42 5 S HLAH A5 B
i Y : DeadlineQueue //# 11 ] i A9 ACK 3 3 41
(1) For each deadlineflow df; in DeadlineFlowSet

(2) /PR SR I TR A 58 S [R] + /

(3) MK,

(4) M (3) BT RTT, 5

(5) WX HE T

(6) End for
(7) /= 42 RERA St ] /NI ML %o 8 L B RDAEEA T BRI T + /
(8) DeadlineFlowSet’ = sortAscending_ T, () ;

(9) For each deadlineflow df; in DeadlineFlowSet’ ;
(10) W) IHEATFIZ j;
(11) FrRidiz iy ACK J¥51% j
(12)  DeadlineQueue. insert( ACK ;) ;
//H% ACK i ABI5S j 25851 eh
(13) End for
(14) Return DeadlineQueue;

SRIG AR I TRIE A T U0 S S . A Sk T e
NS ST X AR L B L AT S
e PR S ETT A RTT G TR 40 2867 1K
/N Win,,, FEAETHR —4%8 RTT N, 3cipLb A 25 AS E 4
PR IE S 11 o5 F A BA S K B QueueOccupied ; 88 J5 , 7
PRAUERESR IS B e KA BEA R | K/N AR T, 4K 4
TP ) Btk B A AR L T e O/ N B R 4 I
FPARUIE 5T MLFQ , JF HLJ& T [F]— 2% it A B e ik A [ —
BN BT R ik a0 S PR R SRS Accumula-
tionbasedPolicy [N 3 FFR.

&3%3 AccumulationbasedPolicy

i A : DeadlineFlowSet , Non-DeadlineFlowSet NetworkState = < K, N,u, a

(1) /= ARSF —% RTT o MARIAIAGEE TR =/

(2) For each flow df, in DeadlineFlowSet

(3) Win,, (df;) = CongestionControl(df, ,a) ;

(4) End for

(5) For each flow ndf, in Non-DeadlineFlowSet

(6) Win,,, (ndf;) = CongestionControl (ndf; ,a) ;

(7) End for

(8) /= AN ELHIIINRIRKE =/

(9) For each queue j in SwitchQueue

(10) QueueOccupied; =0;

(11) For each deadlineflow df; in queue j

(12) QueueOccupied; = QueueOccupied; + Win,, (df;)

(13) End for

(14) End for

(15) /= HeBRORTT Ak i /INE I Xof 3 8 Lk A 8] 47 20
BHERE =/

(16) Non-DeadlineFlowSet’ = sortAscending_ByteSent( ) ;

(17) /= P4 AR AR 78 2 BAF = /

(18) j=1;

(19) For each flow ndf, in Non-DeadlineFlowSet’

(20) while ( SwitchQueue. get(j). length + Win,, (ndf,) = K/N])

(21) =i+l

(22) end while

(23)  FRicizm ACK J¥51 0

(24) ACKqueue. insert( ACK,j) ;

(25) End for

(26) Return ACKqueue;
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OSSP BR  VE BE WL FCFS™ 5 8,78 5 1 78 B AL )
PIAS™ LT Se 9 iy YA HE LA EDF + SIF LK % H
FRACAEALE] Karuna ' Fl Aemon™ . it EDF + SJF 3% JH]
EDF 3 B2 8 1k i 8] 3t , 5% STF 308 B2 48 1k B ) 3, HL
LR T )3 4 0 56 2 e T AR B B ) 3. BR Karuna 1
Aemon , HeAR ML 1358 A DCTCP BpsCEEAT 9 ZE 45 ).
5.1 Incast E&iRn=

DCN H 77 A b B 1] 378 B¢ oz ] 3 22 26T Partition/
Aggregate £85I JET & %y , 7F Partition/ Aggregate 1, A
4 Aggregator Y E if & Worker (11 N A 4 — IR iH
SR AR I Aggregator FYSSHAL G558
WALGE P XS H B2 B K Incast [A] 3.

511 fFEEE

N ANIEL 6 s, s i Al 1 & AL n
+3 EFM(ne20,40],neN), Worker ;A YR AT
JERR A 100KB ~S00KB 2 ] (1) 34 5] 43 A, A8 1k B[] i DA
Sms ~25ms Z [A] 5] 40 A, AN, M4 A 2 & L
Serverl Fl Server2 £F & 80ms [i] Aggregator & % JF # 11
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BF M) 9E , T A 4 B2 R 10MB. AL 5 ToR 283l 2 [] 11
7 584 10Gbps. i B 5 % I SE RTO 152 & 24 20ms, #35th
Fe B T & =0. 7, #8K 1k B[] i 4 42k B ) m = 0. 01, A4~
BARALIY K /N 1500Bytes.

Aggregator
Rack Switch

Worker 1 Worker 2 - | Workern Server 1 Server 2

6 IncastlFl iS50 5t

5.1.2 EEEM

7 AR TR Y AL AL 7E FCFS i, 24
DR EA LR P [ 3E 7R A L P TR 2 i, 25 S BBk
IR T) 3 A, PRI A 38 B . Aemon (1 []— {855 2% BA 4]
op AR RIS B RAC S TR B R 3, PRLHHRE S T 1) A
AR R 2 Bl 25 PIAS w0k I B O A G e 9 23 B
& SR HERS I T 8, Lk B TR) AL Y A 3R 23 i T .
EDF + SJF F Karuna 1, 8 1k B [A] 0 7™ 4% 0 26 T AE 8k
RFID 3 , A1 L R ) 3 ) 25 B A8 B AR R IR, STAM [i]—
(e N L S = o (5 RO /0 e 2 = i | = L o 1
R AR AR AN 7, (HIS 5 T EDF + SIF 1 Karuna,, 78
Worker % H >}y 40 I}, STAM 1) E41%R % EDF + SJF Fil Ka-
runa 43 B B H T 17.6% 1 14.3% , % FCFS, Aemon #I
PIAS fI% T 82.4% ,79. 7% F1 81. 8%.

2

K FCFS

HPIAS
& | 5 OEDF+SIF _
g B Karuna
il [ Aemon
2 10
=
=
-E
= 0.5
w

0 ﬂTﬂI LKX
20 30
Worker$t H/1

7 Uk R 2 S0 T

8 Dy AR LE ] 8] 3L 14 - 257 A ok i %k LU L AR ] —
DL BN, Aemon It S LR IE AR A Lk B[R] 38 1) A% i ,
SR L o ] 30 1 F- 24 4 vk & e e, FCFS 1 PIAS 3%
XA L S T3 PR B Lk I TR) 3 X 23, 5 3 ) 3 A Lk 1) 18]
bl = A i N 5 R TR N TR e = | o N 51 B
31475 ik & EDF + SJF F1 Karuna ™ #% ) £ 5648 T8 7,

ARSI, AT 257 A A R B[R - HRAE 4, XLk
- 25 A i g (PR, STAM AR 478 8 1k B [ 0 A8 428 5t B ] O
ZIN 3 2 PR I A L S ] 3 98 R 38 48 b P R T AT
&k, DRk 7 HEBE I B 14 5 , 24 Worker 504 40 1,
STAM HL| HrAE AR L B ] A - 24 #e i 4 FCFS (PIAS |
Karuna f1 EDF + SJF 735425 T 1. 8% ,2. 8% ,21. 87% /I
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