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Abstract As a strong foundation for the rapid storage and efficient processing of massive data,
the data center has become a hot spot in academia and industry in recent years. Traditional TCP
is difficult to meet the demand for data center transmission in high throughput, low latency and
loss-free aspects. Based on the comparison between the traditional TCP design target and the
transmission target in the data center network, this paper summarizes the research status of data
center traffic control. Traffic control refers to the control of traffic rates and sending rules.
Therefore, this paper introduces the traffic control technology based on congestion control and
traffic engineering and makes a comparative analysis of the above technology from the aspects of
control mechanism, expansibility and technical feasibility. Finally, this paper summarizes and
looks forward to the future research trend of data center traffic control technology. According to

the existing researches, we find that: (1) Considering the cost and performance, the most suitable
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traffic control algorithm for TCP/IP data center is DCTCP, and the most suitable traffic control
algorithm for RDMA data center is DCQCN. Other researches require expensive custom hardware,
which is difficult to deploy. (2) The traffic control technology is a technology of fair utilization of
limited resources. Therefore, the performance of the technology can be improved by acquiring
more relevant information or exchanging with other resources. E.g. ECN, RTT, traffic size, flow
deadline. (3) Among the three main research points of congestion control, flow scheduling and
load balancing, the mainstream algorithm system only focuses on one or two of them. (4) Smart
NICs and programmable switches are widely used in the research of the data center network. The
programmability of smart devices can bring new features to new technologies. In the end, the
research directions are prospected. (1) A unified flow control test platform is needed. Different
algorithms use different test environments, so it is difficult to evaluate them together. (2) Congestion
control, flow scheduling, and load balancing studies need to be considered together. (3) Traditional
distributed traffic control cannot be accurately scheduled due to insufficient information. As data
centers grow in size, centralized controllers become network bottlenecks. The tradeoff between
centralized and distributed control requires careful consideration. (4) High-performance programmable
smart devices need to be developed and deployed. RDMA has become a hot topic in industry and
academia. At the same time, programmable network devices greatly enhance the flexibility and
rapid deployment of the network. (5) Traffic control design for specific application scenarios.
The performance of the algorithm is improved by acquiring more relevant information or by
exchanging other related resources. More resources are available in specific application scenarios.
(6) With its strong self-adaptability and self-learning ability, artificial intelligence provides a set
of effective decision-making tools for various research fields. The combination of artificial
intelligence technology and network transmission technology is also a hot topic in the future. In
summary, with the in-depth study of the data center, traffic control will become the most
important basic performance tool for the data center, especially for the future high throughput,
low latency requirements.
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a3 AL S R RO S G A T B s
W 25 1 2 45 o PR RE L HLA AR 9 Y 2 R TR O
windows server 2012 ¥ 4§. DCTCP M W55 & & %
B v 000 2% 42 i 1% T R SCHR AR 1 R Ak A 1) A
FHESCHE v 19 46 745 5 8 3% [) AR L J8% A0 8 45 3 ]
A% i B oy B 52 B DCTCP I 3% X 70 B4
L 48 1 25 280l 55 7 oK AT A BE B2 4 1A R o
PSS 5 Al B DCTCP X F 28 e 1L 7 F FH IF A 2
EH o AR LI H RN Z LT — R
BOACHALGE vhigi o DT S BOvE B AL,

Alizadeh £ A\ F 2012 4 & H HULL ( High-
bandwidth Ultra-Low Latency)™", @ 1 #2 R %& 3
P F Ay /N i TR A i Al S A I T % A B 1Y

IR ZE , & & DCTCP iy ek i Az 47 B 320 T
B AR R R ST s N L T S S
A R T e

HULL BB O 7E T an e /) i 42 HEAR )
BF S 9/ N HE BB [ G OGS A T ol A8 40— IR
AR 2 AL 1L Ok 32 T AT ECN Arid. BAR
B0 s WA AL 1Y H i 15 B R HABA B 5 R 48L BA
5 R R B A AR A RAF L RS B B
FLBAF 11 1 3 48N T B SE BA S ) 3. AT ECN
PRICHT » BRI B B ok T R 480 BA B 1 1< B8 T A 2
SEAF. ik iRk ] DCTCP Jf%8 & ik dd 10, 75 B
FHAL 3 28 1Y (packet pacers) , H7E K& 2 i W 5 58
B T 0 E A A AT AR A Y, DA R R RS
LHHGAF &AL ECN AF 5, 1 FIBU/IN G A i
JE U /N B AR 16 AN T B R Y

E /NI R 3 I A BaE s M 2% v, HULL i
BA Al S 2 b SR T B 45 MEBR T B T BE A g 0 /D
Mo AN/ i I E g | R A S ] M R
i ) iy HULL R %05 52 46 B A 42 i R0 - Al
B, B b e LR

Zhu % AT 2015 442 1 DCQCNET g & —Ff
BT 3 A 10 i ) ity ) 2 4 o) B AL R AR R L
M4~ . DCQCN 1Ak 4 F i 2 2+ 72 3 F (RDMA) 119
RoCEv2" " L i 5 R B W] LA 4 G2 1) TCP i
B s R R B R 3 VL s 4 B AR CPU I 45 i AIK sf 2E
[ BRI

RoCEv2 & il UDP {1y & i )2 1 b il k. th
T RDMA ({455 7k 75 2 PR 10E ™ 48 5 JC 3 1 5T, B )
2 AL i ok AR S S B A PR R R T e g
T (PEC) AL AR IE T4 W %% . {0 PFC 1 #2 )
T RoCEv2 RUR A BEAR 247 W 45 51 81 7 4 2 77
18 ) ) — AU QON™ — REEF X 1Y 1) €
FEHI SRS H QCN X IC vk B # 0 H T M 2555 = 2.
it . DCQCN X QCN #EA7 T e it . 45 &5 DCTCP
F18y 42 ) SR s S A FE 4R 1.

DCQCN & ¥ 1 5 % 1% %ii (Reaction Point, RP) |
A2 # H1 (Congestion Point, CP) Fl1322 Ui ¥ (Notification
Point, NP). S LA 4 15 (10 7% W 28 4 ZE 15 0 - 3k
uiig ) % AR i — o D0 7 AR 1 2 38 62 (Congestion
Notification Packets, CNP), CNP [ ;= 4 i I8 I [8]
B N CEE I 50 ps) $RAT » — Z& I AE Z 1T 9 (8] B N
DAL A ST 381 1 2 30 00 45507 19 1 3 0 e BN 57 B
A — 2% CNP 43 4% 3% [l ik 5 s Z )5 B4 1] B
N WO B 2 77 e — 4% CNPL DLBLFE AR I R 67
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BRZEMPLTF DCTCP By 5 2K REAK & 6 R, 1 00 4

iR RoARAE N B R R, B (3) L (4) P&
7)

a=1—glatg (4)

SR S U SR AE ] B K (K > ND g S i 3] CNP
SRR o= (1— g)a B iHT o H; 78 KK H R
#n 1,DCQCN 7E QCN Al b i 1 gk F . 7] 1 %
FATTECER Rt Bef 25 00 5 X0 s o1 ef 2 385 i 33 2% 1)
Jr A RE % S IP K & L AR K 2% R B B ARG
EOL T s &2k T 5 W& AT 55—k T LA
Re=(Re+Rp) /2 J5 20K ORI 3 H AR i — 2 LU
s SRS T RO S R0 I R T 2 R
57 R 25 9 S I bGP DCQOCN 7 I B Al | 3
— 5 3 TR 0 45 S PR BB T 18 ) it
(ENYE SIS &S

DCQCN %t QCN . DCTCP T 454 $cdi ot 1
26 O S RIS T 00 S A SE 4 L R I 2E A5t st
T o 48 73 30 i 3l T 5 R SR 6 L 3K B el D) o
w9 45 1 BE i 28 AR A AE B T oK, HLOA R
() SE F . BN DCQCN ) 52 56 %4 % ok B, DCQCN
PEREM T 45 5 2 Hdk B AH 6. 6 an s CNP ) 7= 2
V) B, A o B g IR R AR R 4B
HARH E A [ B DCQCN 5 TCP Jf A4,
0 3f T S L T X 43 R R O R 3k S AR
HeSE TR R BEE o0 W 2% o DCQCN Ay HERE L i
i L — L U E
3.2.3 KT RTT By9H ZE

Mittal 2 AT 2015 4F42 1 TIMELY ™ 2£ 45
Tl DR, e T8 Sk R 3% g A T A% R — R T
RDMA i 35 31 35 RTT 0] 5 15 23 42 o] A1) 5040 oo o0
PO 2% 49 E 5 o B vk i RTT 0 | 3 8 ok
R = A, P[] 52 B0 ZE 4R L A& 7 R

Bl
“

R(‘:RC(l* (3)

TIMELY 4 Z&4z il 5| %

RTT b
_RTT Eol g % A
TS| | g
L ~~——"
IR iR TR R (K

K7 TIMELY #til4e4y

RTT 5 2 5k S Bl iy B ik, TIMELY SR H
TR mEE ACK I %6 1% 2% 5wk fRIE ACK Je B
3%, [l By X B4 77 A ACK, i 25 32 050 77 4E
ACK fy i} ZE . TIMELY R 20 (5) i+ % RTT. H
W Leomptetion — Leena A 1% i IF T] o 22 462 B HE BA B 42 Sy

seg.size
NIC_line_rate”
RTT = teompletion ™ tsend — m

TIMELY R T =l 1) JE 4 ] 5% s 8] 3 i 3
WEMA RTT B T M Th - 8T Too B, 3%
RSN s 3T T B o AR 488 Wl R B B AR 3 5
A F PR A A 22 B R U] AR A1 o 38 S BN 428 7% b R 2%
dRTT/dt Y3, YRR /N T4 T 0 2t 34 fm . K
T 0 B AR g /N AR RTT BAE Sy 1 &4
O P25 Y FEAR B8 7 5 B A A8 fb A3 0 SR T B R
SASARAL  GH B T BB 98 L YT B0 o 9 45 75 R
(1 7 =R 3 TR L T B4 B 0 TR BE S AR B0 oo
D) 2% Hh R 4T b A %

A 3 2H 3R I B AR A AR B AR i R R 0N
A A E AT B . b TR T EE R
TIMELY A DLk B BRI 5 B I 4 b — B 1%
Hioc e e N — BOBU ARG % X IR AL T
1Y Rk B B T 3 R Y Rk L B AR
T T TR L R 2

TIMELY {i F sty 3] sty 14 0 2% B AIK T XF 58 46 AL
T R AR o [] Fof 266 7 30 8 10 428 1 LU R T o 1 R 4
il B3 W ARG P S 18 R 0 B 4% {H TIMELY Xf
W B st e K, ELH Ak RE SR B v L S B R K
X RTT #9728 4k b T SO ME# I & RTT + 43
R X
30204 ST HAAE B B ZE 5

Cheng %8 AT 2014 442 1 CPYY B — 4%
AL Sl B 2E A B A% e i T A
CUBIC s# DCTCP %4 Z€ ¥ il B 1l i, 75 18 X
RIS GE R i it B A & A A B G 2 AR 1.
CP A g {5 5 B 28 7 ek 458 2k 45 — R 9] ) gt g i [
T EMZIG, RN TCP B4R A £, HigH
bR B AT AR L R AR L 7E S A AL BIKE A ZE
BRI A2 7 4 3k L i 7 171 48 (Cut Payload,CP) , Ao
M4k 2L 4E+5 )5 A 19 TCP B8, (i 15 TCP RE&H#AT
Y3, T R AT 0 ZE VR AL 1 25 3 A0 G0 28t e L i
PR ALK I, AN 0 S5 1 R I F AL
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CP M BftR 285 2 gk e 17 ol 7 o o 4% 1
F8 e P SEE AR A Pk 24 38 38 R I U I, CP Al DL
DI AEFE 25 1 A kR AL SR CP 5 22 X0 28 #e 4L
PR BSE A2 5 00 A B & 365 R S5 o ¥ 2B AR 3 K

Perry % AT 2014 42 1 Fastpasst®, & ik &
I L 50k T 98 PR R 4. Fastpass U8 T
DA 308 ek WA 25 i R A2 8 AL 23 A XAk A Nk S i) R ) 7
2o R I Rl 4 75 =X, MATT L 5 B 4 Jmy B A B
1E DCN 1% B — /M h # #% (Centralized Arbiter) ,
JIT A 3 v A ol L 5 AR 28 BLAE S . MATI A E AR
% TR AR L LA IR B0 WA HEBAAE IR | &yl v A1) ]
L Bz ) 4% v i 22 ) B ¢ 95k =2 3 R AR v R Y T
ARBF A O B TR G AR A S TR RS
PE B AL A 17 U7 X258 H 19 . Fastpass [ 25 44
N 8 frx.

Ui A s

e o
L /’ A
FAR S & 3

L] R NN

FCP  |~7=7=="="-- FCP
Y I e m i Cx

5 5 B T
o \/ P

B 1A%

[l 8 Fastpass g5 %11 & Al

R IE S AT o 4 1 I T Ak AR P g 1) AR
Ik B O AL AN B R R s
) 47 i B Bt R B AR A% 18] e 306 i o i 325 i AR 43 [ A%
TR R R AR K 3k i 5 AR AR 11 B AL L fib
HA IR I B A 5 AR 2R SR A B A A O R0 2% 1 I
B[R] 2 & Fastpass 52 B ) 50 .

SR fd ik v 5 i A RS HLSE S i . Fast-
pass BCHF T PR 45 ] R L BRI T8 T #E L AR
S 25 AT AL BRBE T o DR UE & 3% i 5 i 3 4% 1E A8
AR B M R 2R T iR il iR K 7 X
S8 T RUIE AR I B0 TE R B AR R R T RE s i i
IEEE 1588 ¥ fify i [a] Pp 18 (PTP) [W] 25 15 55 B i), 7T
WG TR RGO R EUR R E).

W R A 2 L E R A HL T RS R OARAE
Fastpass (525 AT 2 1% 2 47 . (B 52 b 6 &
AT 8 RIT 8 5 Fastpass A B 38 45 1Y 4L 2 R
FIERCA BIECT A1 80 41 SRR E I AR
B 2 A Rk U ) A 3 DA 5 | Ak ) 4% [ 25 R T
1A I Bt ) 80 o s 2 3RS A ) R, T g n T

SLPRR#E Fastpass BYMERE. H 2 Fastpass "] LIfFE N
— e AR B I B L e b AR A pe AR A 4 )R A
Pk i . A5 & AT LAFE S Hoe 58 s e B i 6 Al L DA
Ff B U, — NG vE HBE T BR 2 0 Je b AP 3 a8
)7 R 1 A i RS EE T AN RE R L

Cho 8 A\ T 2017 44 14 ExpressPass™, & &
— iy 3] 355 B9 FE T credit (Y4 ZE B W PRI AE K ik
H 4 A 2 1l - ExpressPass fff ] credit 4 2k 11 55
P ZE o DT 50HE A% i BB 4% (% TE A A A A8 R S i
S, I HLAT LAY X burst 19 32k, 548 TCP A
FR 2 R B R IR I T S R B 1 S I 1 oK credit,
M0 BE—A> credit, & 3% u A2 Kk — 4.

ExpressPass Fl| F 52 e L & FR il credit iy 3 %
AT R ] A 2% v T 8. B ) A% 0 SEUAELJE: K T 245 4%
Tk v A [ 4 2 A AT e AL T A B 1 A 4 B 1]
credit (1) 4 %€ , [F] B 38 23 %5 /N credit JF 47 41 2
i ) 2 T 6T A 1) D 2% O 5 A, DA £ T I 4% A%
PERE. B 194 502 38 2o 0 55 4R DN 1) 4% v 1% 98 A 9
T AT DA ME B 0 35 il B2 P s 2 B2 THAE buffer
AL  BEAR 2 AT e L el 2b A% o DT 3K 3] 5 PE g
Bl St credit A1 Y FH AT BE 23 1 B2 IR 2% T8 X
TR R UL Ak B & X Bl W] L 7 ExpressPass i
KR EAF credit, JF HA T R I credit #IR 9%,
G e] SRS B b % ) credit A4 BC 2 #E — 2P F SR Y
J5 Tl

Li %8 AF 2019 4R42 1 HPCCHY g g — A3 F
RDMA 1 31 2€ 42 1 HL ). HPCC #] Al In-Network
Telemetry (INT) 2% 35 JOKS i 1 £ B% 01 8015 2. . IF
i o b A5 T O B A O A e TR 4 ZE 0 1) b B E R
A INT {5 B A INT 5 2 89 3 BE s 55 Bk A
HPCC A] DLt iS4 e s80R) FH 28 TR 98 [] A 3 B
P TE IF AT AORFR 42 0 5 0 W 2% 9 BA 3 DA 3R 45 IR
FEIR.

INT {5 52 Y Hi A% S v A — 28 53 4805 5L 3
FEEF B Cs) L BA B K BE (qlen) | & % B 19 7 15
B (xBytes) FGE A7 0 (B) . 38 X 2615 B, 5 17 4
o] DL VE B 1T 5 2 50 M 2% H BDP (Bandwidth-Delay
Product) #F A & 4 A %7 F 7 2242 6 1) b . DA T
Pt — A~ MER 14 2 A 5 1 A B HPCC iy ik S 7E T
HER S SFE T 22 A A 1R 34 S HF INT, B 46 42
FALFT R INT F 8, W -RHZE LR INT
(R RE 1 % 1 1 R F A8 AT
3.2.5 JHZEEHINGE

T 58 A% i 52 A 14 B2 H AR =2 — e fd U o 3k 3] 0
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2. Hrb i B Y — SO SR ] Ak PR ZE [R) L (A 3.3. 1.1 FEF bR ] A A e g A

AT A5 B AR o i v 1 ZE A B —
LN R

m#E 1 PR AE5 0 TCP #EF S 1 T 54,
DCTCP il i 1 bit 1 FR 10 37 38 e AL A 4 28R
DCQCN j# i PFC A1 ECN #L il &2 A4k 18 50 24 57 B 4%
ARG TIMELY 5@ a8 RTT By 28 e 5K 84 5 91 985 CP
T8 o 7 A 38 O A Sk ERE I R AR S s FastPass B
Bl FH AR b X0 PR A8 VB U1 4 2E ; ExpressPass
Fi credit B 4230 51 & % s 96 (5 B HPCC T
BmEE M INT {5 4.

Fx1 EMERNAEESR

%45 S e B o5
TCP Cubicl28] ETFEA ZHARA A Z
DCTCPL!
HULL™?] ECN IR EES
DCQCN(#]
TIMELY?32] RTT #y7E4k RTT (140 &5 AS o
CPpL3a] Beb i £k LML
FastPasst3 Wb £ i3 B 3
ExpressPasst®s] L credit BLERGIAL 5 oo bt gy ke

J 3 By A7 B

HPCCL36] INT FEMHERES

R SR ZE A ) = 3R A A9F 52 T 1) L 24 4 45 A O
VAT« 00 ey B 4 B 0 3t R 4 AT A R 2E AR S

%A ECN Fl RTT; 4nfaf & B I 4 F 5 0 91 28
2

EP oY

3.3 mELRE
B 1) 4 R R B Al R T T 4 A7 d R AN
REIHE 2 AATT H 2 185 40 1% 9 248 5 5K i AT 76 A7 B 19 5%
VT 25 H P SAF A AR S Y TR i) — Dy
[] . 3L AR i AR AR A5 AR Ml 55 U R 0 R
YBUAS T) A% i SR s ) A P AR A% 2 0 T T A8 o
1 2 Wp AR 25 32 e (Multi-Protocol Label Switch,
MPLS) . Hy T H AR AR 52 J% o 44 A A X 5 B s
WG AE B oo R BB T2 M8 L T R R AT N AR AR
18 P R B o Y R Y AR A R T 5 A
FSE RSB RE B v v B AR Al Ak S A
T3 Tw) 43 53] kg i 9 E AR 67 2 4 A
3.3.1 JiHE

N DN v B /N B R AN /NS 6B i B
ANBEA AR T P AR X — f AR EE PRt R
TS A B R A [ A S R SRS R 1 A S
e PR o — A E RS O . H A A O
Se R BE R FE 23 S LA JLAS J5 T

Wilson Z8 AT 2011 £ H D3 (Deadline-Driven
Delivery)"™ , & 5 B2 % 3% J5 « 2 W 7 A 58 4 ML A [
Z 54 A0 JB AR RS T L I A] (deadline) 52
AU 22 03 Mk 55 VBT 4 K % J7 K4 o
18 5030 5 o DA BE 5 i s 300 IR %) 9 4 kR o 3+ 55 e 5
T8 K K A T8 AE B AL k. S LR X
R £, I 4R IO B8 3 R Rl © 4840 A Y IR
BB SHHUAE T AT TEIE R AT EE N L AT BE
R 43 T 25 AT 80 L IR 1] SR BOaE . % A
I 1) P 0 I 5 FEA SR R 6 R T A S A
b T[] SRR 3 o KT I A - 14 4 T TR AR T L A
BN L R 5 B s B A A BC Rl -
Xof AN 5 8Lk I ) SRR U U A B R S SS R L
ARG RS A LI R T dHE Kk
FEAE B RS S AR HLER AT LA AR [ Y #R 4 O 1
A3 B — A ] 5 A7 TBOZ AL SR 0 TE AR
W5 F X A ] (B 4 D3] ACK I & 25 Kk 7
R TT 4 WCTE] B N B SEMEAE N TR — A
RTT A 4% 3% i B0 B0, S I%H R 9% ] F il 58
BF . D3 JL AT R AL &8 43 HAA R 1k B ) A I A oK
XA BE Bl AL T R Y U 4R R — A S R (base
rate) , ARVF A 3% i B B RTT Sk — MU & 3k 1)

D3 3 sk 18 1k B 8] A o O 0 I e 2 i — 2P Ak
IR S ARG A AR o  (H 25 5 AR (W] % 3t O R 2%
BRI, D3 A A 04k M 68 19 T BB 5 [R] B g T D3
XA LR BE A S R TCP R RS, IR
il S .

Vamanan 2 A\ T 2012 43¢ ) D2TCP(Deadline-
Aware Datacenter TCP)P¥, 12 45 4 7 DCTCP #1
D3 00 5 B 75 TR 0 A 2% S A 48K Lk B 1) )
i SHE Jot 3 A A0 TCP 345 . 5 DCTCP —#,
D2TCP 7% 2 5 AL AN K 94 s 3 [] T 5 o ik T
AE B R] 040 2 AR B 56 B K 36 i & 16 R Y 45 .
D2TCP F= 24 1 PR Bl ik, — 2 41 X D3 7232 # #l
Ab 46 VR 23 BC Y BE IR K it T LAAR 98 52 B 1 B0 A8
PaRE ;s X DCTCP By F % SR mg A 1 380M » 51
AT 8RR d s AR TS o TR 1, S AR
i P = o Mt I % 8 R St i R K (6) i AT L AR
P AET 0 I ks e f.

oo [ 5):

11@‘“1 s

p=>0
b (6)

»=0
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BAR. M d=1 B, PR DCTCP —#, D2TCP
TR¥F T 5 TCP WA M Kk T TEHH A d B 7850 %
JE T AL Lk P R] T 0 2% 1 2 R R, DA T 52 BT AR
B DCTCP 54 i 1 8. (B A Dy — b 23 A 25K g
D2TCP By % 16 i 78 R i L EH Xt B — A4 RTT #9
PHFERE LA [ B AT oK - H B EE i I L Jok X 6 2%
L HEAT i A ] AN BE LB B PO 2% BT X 4 JR) A8
Hh B 5 B I LR TV S B 4 Ry R 1 O LR
I ] 4 4 (Earliest Dealine First, EDF) il % %4 Jit {6
4 (Shortest Job First, SJF) , FR il T 23 # 0> B 2%
AR RE Y SR T

Hong % AT 2012 4F42 1 55 1 PDQ(Preemptive
Distributed Quick) ™", & 38 355 43 A7 T B ¥ o0 W 4%
Hh ) S 5 AL S B4 JR 3 L A Y EDE FSTE, 42 1
[vi) Al 5 WA 24 i IR 55 i R 52 4 WL, 4 R A O AE T
AR AL Z ] A HWME S DA 3K 1) 30 A0 A o 2 1 9 2%
R.PDQ S A 9 B R L 7E [R) B 358 0 I
PR b, 2% 28 B0 1 Bl A B b0 I 2% oK
Ca) BT 7 S U 8 /N A0 A LR B 1] s (b)) Sk ~F- 24 4 E 1)
MO, AR fa £t A REZE R L N A] 5E 3 (d) 2l D3
F8) ik T AL I T 7 SE R S IR 55 SR, AR Fa LA RE
T SR L T U 4% MR EDF 8 SIF, 40 (o) i, W)
JI A AT T LA ALk P ] P 58 . 3 U B AE AR 2 Y
I B SR o A R[] 4 9% U5 B f% S B B 4 Y PR BE
X2 PDQ AH Zk 2 /Y H b, 52 B2 R M Y e
i 58 e

e

VAR [ B /N LA (] 11 i
Iy 2 4 1/34 In -
3

7 G Je | ui
3 5 6
(a) (b
A AT 75 ) A s e
. . . f‘/} f(
fl I fe 1/21 .
s} (1] Is s} [
1 3 6 2 4 6

(c) (d
B9 Ul [ B 325 37 8 3 s 2 P
PDQ 11 % 3% v 1 %2 56 B — 1 F 15 » & 325 B0 1if
475 1 A U] ACK J5 9 A% 2 887 DL KT T2
JE T AT B B [) B g B 4 B Rk A B X A
PITR DAER LRl N DG e 172 o < 1 = | o ST
XFIZ U & A IR A2 B S84 bl 1D 545, Y ik i R
0 B B B — 2 1] B DA A8 46 AL A R 3 3 0 D
ACK B35 K% by i o & 325 v AR 45 80 4% 14 0 K/ L

A RTT {H 55 5B 728 5 5 24 0 2% 75 4 JC 125 3 2 I A7
Tt 187 A L ST ] P A 306 i R T4 e 2 R i Oy 2, 4
o) ALk B PR TG 9k A A B BRI o A B A 4
55 HPE B R B RN 2 RTT By . 42 oo 5 0
FME S kT H ) ACK 1 2%, 1E A8 HpLAL . 2R
F EDF H1 SJF I B 5w, b A 80 1k i 18] ) 3 >k
EDF, 54 I BRAY i ok B SIF SEmg, 345 2L 1D 5|
S Fr IS ) 55 SRS L DRAIE R 5 B R 2 it e gt

PDQ i 52 e WL A2 FLA5 B, 4 37 45 4% B B AR
A& DRI Fh O W 48 O AR i e 4 R B G L ) TR A
AN B P 28 E5 K AN S FR o Ak BEER T RN DL R 52
TR DL T4 v Ak B 1 RE S {ELSHE B A O 9 7 SR
TS F %ok g 2 T 1Y) ARy B S A M ML AR R
Z A5 B, [ I 5 PR BT AT SS LS 5 IR B A
AR O o ) 2T M TS B S B0 TR
S AR
3.3. 1.2 FET IR R/ e B UE B

Zats 2 N T 2012 44 HY DeTail (Reducing the
Flow Completion Time TaiD)™, A J i 5 — &
Ui PR O 2 2 T A% A I AN BB S B AR 52 2T L
BRI R (Tail) , 38 i DON A% i i 4 , P g i 22
P e S IRE S S WA (N B BUR ST L
RV 2 A TF] L DeTail & — A~ 85 2 B & 19 7 %
FIJH DCN & 3 Al 22 42 1Y e A T8 3 B % 2 L N 4%
J2 A% i J2 AN 2 3 ) 58 FC P AR < X AR Y it
Ul /DA, % 35 5 0T IR SRR Y U R AT O e AR L Y- A
P 2% 171 3.

DeTail Xf B 8CE 9 2l i an i 10 fir s, 5 3% 2
R JHGE Wt 57— A TC P PR B, 9 4% )2 566 T B 2 34 Al
R BB TR AR A L R SR A S 5 T I R 2% 2
PRI, LA 23 R O 0 8 5 0 A e J2 s i o A O
M g 3 2 58 00, 8 I )2 BRI Y PG SE AL X 43 I S
U 5 AN BURR TAL » P TE SRR I S AR G S5

= Lf s B
" TR
24) R
e i

K 10 DeTail i) 15 JZ BB 14



1298 it <A

Hl

Y,
&

i 2021 4F

TLBHLZE. AR DeTail py4a il 2 B A AL HE T U R P
Uit S SE AL » S 4 AL A F 4 1 A% 0 7 L B Ol 32 4
HLA 3 11 2% ol X R A5 21 0 45 ) 45 8, 2 SF 1687
2 BB AR 0 45 1 E B B G B DeTail BB % [
ICHH FE B B AR AL g o 228 L OF- 4 1) 4% B 2K, (A X 58
bl gl R K F A TE G KB

Alizadeh F 2015 42 4 pFabric, & 24t T
— o SO e R T 0 R TR S gl e v O 6L
S FH I Bl RO T I 4% S B 1 7 A A A S
B O P 3 R 45 N D 06T Bs 8 AN #80R% B9 K IR
CE 0y 48 D13 R DD AV ISF AEE ) 56 8 7 T R A1 2
SR IR R) T SR S 1 436 S S B e L 58 B ) AL A
6 5L A 4% IR AR VK S O B A28, SUAS 5% W) SF- 34 i 4iE.
Ut , pFabric ¥ 3 8 5 A0 2 5 4% i 43 F , 3 98 )3 3%
6 o 58 e AL L 7 B A7 SR b ™ A 4 RO O G 1% %
KOs SR RE BRI A A5 6. Y8R R R A K
HEALL R SR T RE L T DU R s A E— H
R = RS B AL B0 B i AT DAk B 4 5
RUIRAS T Wy e HE(E.

XF T U U B pFabric $4 58 AN B8 v 0 9 45 AL
— AR HHL A 11 FiR.

tH BAF]
(TORZZHHLAIER G —Bk)

ABASI
(AR —BE)

BOL1 K rpc 6 Hp O R B R B

U SRR S Bl TP R 28 R R — A R Y A2
BL IR 2 o A 14 7 40 B2 G gl o 3 8 R A i e D
COL e St e ) » Uit 5 4 AL I A — SR 45 B340 46 4 4
B 5 S d vy 1D T » o017 2 1 o) 258 8 B8 8 3 B A

pFabric 32 24 H — i S AL A A3 B R 3 ol
SEAHLE BAF] L A5 A BA B I 225 b RE 24 iy BA 31 A A
Te A AR Y £ 25 5 5 75 H BAB N K 2 A0 S5 S e
4 A 5 R A TR A S BIL 1 R
Jv e 16 9 A BEAT G 3E A9 D8 Je Zbm L J0dE oo moxd
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