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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
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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 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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point, NP). A2 UAR I BB 10 sk P £ R ZE I O, 42
WAz X R MR 4R — 2 R 77 A 3 2 38 %083, (Congestion
Notification Packets, CNP), CNP [t A= $i He i [i] ]
B N(Eban 50 D) AT, —ZIAE 2 AT I RIFE N Y
RICEITHZER A, M 28 50 B, SRR~
H—%& CNP 21 IRk Rl ik T7, 2 Ja BNl N
W, BT B 2 77— 4% CNP, LULBRAR R 673 .
RIL I FE SRR B O R R CNP J&, 4% M
JLlF DCTCP 15 s R IEH R, ook 240
HR R ARMEANHIRER R, , %A 3 (3)(4) FRAGHE
(04
Re=Re1-2) 3)
a=(1-Q)a+g
4)
R A% W RAE E] B K(K > N) A5 AR1E] CNP
I, MR o = (- 9)a B8 o i 75 KIEHEFRK
a0k, DCQCN 7E QCN E:fitk b i 7 ofeis, [HIIFR
FATH B AT 28 1 3G n, i 28 3 il % 11
77 EEWS SEILPGE K, EL U7 A 32 R B BRI
MIELR, 23T 5 IhER IR, kAL
R, =(R. +R) /2 5 0 HH R IE 2 H hridi F—
PA_E, SR P R 18 o U B s R . T4
FE S AR R A s N LA, DCQCN 7 BhFE A
5 T R 0 R R S BRI B T8 )
Bt HE, AT R
DCQCN X} QCN. DCTCP f# 1 #& ¥t
WR2% i, B3 T S B 2E b, PRI 2E )
PRI ], S a shid R AR SICE R, XM SoE )
GBI O ET . ERKE . AR ER TR,
H AR IR S FH % o fH M DCQCN I SEEe B R
DCQCN PRERI 55 S 4k BGEAH S . 5l 40, CNP
fors e b, THEEs . ER R RE, HE M
283 B v HARH € S8, [FIIF DCQCN 5 TCP Jf:
AHEE, WHEWRE M T EZX AR, X
BEF RUARHRE T AE R ZER O 2% 1 DCQCN 1Y)
PERE, W HEHR— DI .
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3.2.3 3T RTT M9 ZE 84

R. Mittal £5 A\ T 2015 4E42 1 TIMELY™ %
B, el Rk A R, R
T RDMA )5 21 RTT 0 5 R = 4 1) () B gl vh
O R 2 0 FE s 1 SRk . I RTT W& SR HA
R P =AM, PR SCHLR R S], WmE 7 B
MNo

TIMELY #2845 15| 4

RTT RV
RTT 155 HE NGl
| it F"ﬂ% Pt

v
I} TRl A A K

& 7. TIMELY 11284

RTT Il &2 Byhse Bl f A, TIMELY XH T
S MMETE ACK AR S AL 12 5Ems , RIE ACK I i f£i%,
[E I R B 42722 ACK,  BE 25 P24 ACK

(K 4E, TIMELY RAARG)H5E RTT, Hep
tcompletion_t se AL i (a], AZ #e ML HE BA B ZE N
seg.size
NIC _line_rate *
seg.size -
NIC _line_rate
TIMELY SR H 1 =M 28 428 ] SEmE Ak 2,
WA RTT W T, Ty - 8T T, I, %

LEAERIIN, W5 T Tog I, HRAR R R 7 B BT R
AbF- P BRMEL 2 TRTER,  DUDAR 4 ity 1) i B 28 28 f b o
dRTT /dt p, BURHRNTET 0 RHVER N, K
T O, HR¥E B E/NESR ., RTT BE RN T HdE T
DM IIFEARRE S, B IERL R 5% T FER
BN, PR T RERE LAY S 50 h O 45 R R
177 SR R, TS 3 13 R A 7R A o0
WX 2% HR B U (R AR K

B HRIEI, TR HI T HAR I8 20 K
REREWAT B L. mTH THEREE,
TIMELY A] LR RR B R it 2E, b —Beidaf%
WoekeiE, T BEUE B, XatE R T
T AR IE A T 5 Tl R I R 6, B4R
B 3E T oo 4

TIMELY 8 FH iy 1) 3y (11 0 2 BARALG 1 XS A AL 152
A, [) I 25 3ok e g 4 ) Ll 3 7 11 g )
O 3 AR R ZE B RO kR % . {H TIMELY S &
MR, HXTREfR I e R A, S bR S

RTT =t

completion T leend T

St RTT BBkt FHUK, HER&E RTT 2 .
3.2.4 FETHANE B r iy

Cheng P 2 N\ T 2014 4£42H cPP, g2 —4
ASHA L R4 B A ZE 4 ) AL o A Gt 5 s S
CUBIC ¢ DCTCP S ZEFhiMLHI, 78 m X
KRBT R TR, BB R A R 1 I 52 Db 4R
). CP I\ AAREIS SE K, #5451k 25— R 3] ] i
MIERETEBZ G, JFERE TCP MERRE LK,
HRG@ R kT B, FUkigt, 7ECHALENE
THZE R, SR Rk, it 57 171 %k (Cut Payload,
CP), MmigksdtReliA N TCP Wb, ffifs TCP
RASHATHERE, IRBHATIZE R . MR 5573
WA s PR E AR, A D ERE N AL

CP METRIRAS H A&, MU T BT 4G
B e . ARAE M, Ml R K E I KRR, CP

A LR IhSERE 2 1 i RS . SR CP 75 2%
LML RELE I N T &E, 18 RS PR iR & AR I K

JPmy%k?%Mﬁ%ﬁmeﬁm,Eﬁ
PR BV B e BV T3 BR R4t Fastpass o478
7 DA 38 s YA R i R A2 4 B 23 AT AR RN AE ) R
73 RAEFEGIN 7, B IE S AR
&Ait. B DCN HikE— A@ﬁ%@mmmw
Arbiter), FTE Kikm#H ES5MHPEHRLEER,
ﬁ%m%ﬁﬁiﬂ%ﬁ,u%ﬁﬂ&ﬁﬁMiL,
e o R FH DA S P 6 i TR (R B e =2 KRR AR
w5 AL T O 1 B R G NIR S
S, WAENEIE PR AR 1@ AT A K BA H M HE .
Fastpass 125t 8 .

RIL A Sy RGBS, I ER P v R R
WKL H OF BN H AR, MPERgs
RIBF AR BRI A, AR Rl ik, R IE AR [l
o5 BREHIE . WA K IE S5 MR G B
T A T R AR ke 5 DA B RS B o Y
28 RIS B[R] 25 A% Fastpass SEHIL ) S .

bl fihtedts

EH
RESRNE

HTIEﬂlﬁﬂ

H AR AN l‘\ Jﬁﬂﬁa
Pk W
T FCP

—————— -\ %%E
B [EIA
g

gkt oR 2 A

Tl R ik v S AP G B TR Y, et
TP, B R ﬁﬁiﬁ%ﬁ
HACFRRE T, PRIE R 5P gs IE WA HAR R
fhas K 2 T I, @Lﬁk%ﬁﬁm&%
TAUEE . KRR IR IE BT RE; @It IEEE
m%%%ﬁ@wuuﬂmﬂiwﬁﬁﬁ Tﬁ%m
THAE RGO TR .

8: Fastpass
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AT 55 5 R 2% 2 (AE B S T A BARLE
Fastpass [ S256 Fh A 75 5 1% 72 47, (HSE PRl by
HHECKIF4Y:  Fastpass T\ A BN 2% 1 AL FE G
ERE BT AN, S S ER SR, T
B2 FAEE, AT 5] R4 2D AT
1 MR RR SR R T R A S, dhmign T
SEBRi 2 Fastpass (MRS . {H 2 Fastpass 7] LAE A
—FhERAR A R B, B AP A RE R At A R iR
Lk, 15 e nT M N e Bk b Al A
FRAER, —ANEE AR CIR R B AR
RIS A AN SE, T AS AR T

. Cho %5 AT 2017 4E42 ! ExpressPass®™ , &
F& i B 3T credit FIPHZEEHITMNL. R
EBAE 2 B, ExpressPass {4 i credit £ K il 264K
DUAHZEE, T A E5 s 1% i e 8% R AE AT S IR FR PR
Wk, I HATLARIR burst 315k, 54648 TCP A
FR S, MR ERIEN, B/ mBlomis K
credit, MBI AL — credit, KA o K%
— M,

ExpressPass Fi| FH A2 ALK FR il credit 1733 2 A
T PR ) R ik it e . A% O JEAEL I 0 P 5% A s
& o IE ) 4 2 e Ik A2 e AL U A SRV B i AR T
credit (P4 ZE, [RIAIE X/ credit HEAT i ZE 4
i, HEm e A P AN EAL, TSR T 2 AL H P
B o B I AR o A2 38 0 S PR ) 286 v f 6 4 0
T AT AR A s RO . AR RS T buffer
AR, PR ERTRE, b EAE, AR st
Ao BT credit BLIKEFH T RE S I IR BT UG
X TR, Ak B RIERIAT, £ ExpressPass
) 75 225 credit, I H A S KLU credit B IR 2%,
] SR Fff ML 2 1) credlit A1) G HE— 2B RIE TR T
]

Yuliang Li %5 \ T 2019 4E4# H HPCCP® , & &
—/NET RDMA &GS . HPCC FIH
in-network telemetry CINT) SR35HURS Bl (1) BE % 61 4%
SR, R IR . S T E S 2E )
AbFRIEIR IR INT A5 BN INT A5 B e s b 254k
fi%, HPCC aJ LIRS, w2 R 58, A
Ik G fH 28, I AT DAORFRBET 220 I 25 Y BA B LA 3R
FHBARAEIR

INT {5 B2 Mar im0 — S ha8Ee,
FERT AR (ts). BAFIHKEE (glen). CALHI 7T
¥ (txBytes) FEEHHFTE (B). MITIXUE(FE,
oA A LLWE B B oA M 4% BDP
(bandwidth-delay product) #7224 5 & 1 75 2
AT o TSR AR — N HER R R P A
HPCC Mtk s fE T HERf, R S7E T B AW AR
TFEINT, BFEHALTEERME INTEE, WRH
BUCFEACIE INT [IRE 77, X S A8 AU

3.2.5 HZEFEH|/ING
WAL AR EE H Az — R L E

P AP R B U W] AR B A 2 ) AL
PRl e R AT BEAR DR, B8 AR PO 4 245 B A
— &S

W 1 s, B4 TCP #%E(E Sk T E4,
DCTCP it 1bit IARICR R ZEIRTS s
DCQCN i PFC 1 ECN L&Ak 38 k024 7y X 4%
R&; TIMELY @i RTT A Hskenfi e %, CP
T R, B Sk YE R ZER A FastPass
IR R P el W R G 5 B A B E i
ExpressPass F credit BLHi8 A1 A £ b7 9615 B
HPCC i/ T BEIN=E&E 1 INT 15 &

x 1 BERNREER

47 LB ES K9
TCP Cubic?® ETFE4 EOAREZ
DCTCPE! -
- T A A 28
HULL ECN i
DCQCNE i
RTT IS AR
TIMELYE RTT 454k Eﬁ:ﬁ?ix k
cpt BAIEI Ak ML ST
FastPass(®¥ £Erp U P B 5T
{8 credit B
b e A
ExpressPass®® 3 J1 & 3% b 4 98 ~
N PN
HPCCEe INT FEMHERFE

R SR ) FE 4 1) 29 OB A [ B 24 9 T A
Jy TR s e] S A R AR 0 R 2 R0 2 2 S
S, WEA. ECN A RTT; Wifa] A& B0 A FH 3 1K) 4
EZEE
33 REILRE

BEHE L R RS, L aliiR T I 48 AL 4 AN
AE R NATTH 253G M4 755K, Wil 72 A PR %
BN, SR EFARE, &4 — N EE
Tl i TR TR AR & Fh i b 55 T & A
19 BUAN [F) A% 4 SRS O AL RS RS . ARG T 4k
o) 2 AR ZEAS #: (Multi-Protocol Label Switch,
MPLS), HTHAMIEL, WMESAFEXN &,
RIS AE s h O AR BE ) V2 . TASRE X 32 &
A B LR T AR B b 1 a5 R R AL O T A
oo FEARFEIBIE RO R E LR, 40N
PN T, 43 ) i i B R A ek 2 1
3.3.1 i

FE G X 28 3 1 P o N ST, SR A T I
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ABEA AT RS, X RESR LIt
HE, KU AR R RERE, RO FRIRT
eGP RNE, R NEEMBIAITE. HE A
KA G FE FE T2 9 LA R LA T

3.3.1.1 FETE RN R AR S g

C. Wilson % A T 2011 4 #& i D3
(Deadline-Driven Delivery)®" , & & k%ET .
W EZ LI R S S5k, HAZO BAR R R T4
1L (] (deadline) SEEL 5 28I 1 22 0 IR % o L BETHE
Fi R TR TR A 1 B o DA B 85 i Je PR 11
Tl A Bf )R B 5 7 B, A SR A A5 B
NSk o AT LI ISOX SE A 0 I SR U 981 K
MR O 2 S BiL 17 FeRAS, BEANSS IRALLE I 2 7 98
TWSRATHE T, AT BRI ARy 55 20 e s A A L ]
FOR BB . XS Bk B E R, HAE R
RN, HETE S E B ER RS, S
- a R R, AEEE f, WKE
FIR AR B D FCE RN e+ 5 XA # L
FOREIT, WAEREER £ ZHHUE B
W BB NI R . A RBE LR
ZHHUERHAT L AH F e, FREaskald—A
)&, AFGZAS AL T VR SEfE . RIS KX A
) AR #% D13 ACK BLIF RS KIETT, KIETTHEEX
) i, PRI/ AN T — A RTT Holfei
IR . %A R TP sERs, D3 ]
BT L 3B oA BHUE R R R 7R, AN BE 2
R BT A — AN B 1 2R (base rate), TV K I% U
BT RTT 15— MY A0 Sk i £ 0.

D3 @i A T A e R e g, b
AT B S B AR IR, {240 S A ) 097 FH O
BRPERT, D3 AR SR T RENE; AR
T D3 X T AN AE SR, 5 TCP A RES
2%, PR T HST M.

Vamanan B % A\ T 2012 4 4% H{ D2TCP
(Deadline-Aware Datacenter TCP)P® , & 44 T
DCTCP #1 D3 Il i, REEEIMEER %, HHEREIR
Bkm (], [FE SRR AELE R TCP HIFER . 5
DCTCP —#¥, D2TCP tH R ZEAHA AR Hiih &
FFL A, FE T s B) A 2R B e j R 326 o 1%
T . D2TCP EEAH 1 KB, — R~
D3 LA FL R BEIR, K% a] AR 3
SERRAE LA AR 2% DCTCP ) A% 3R
W T R, SIN TR T A, ASEARE o
WEE D, TERE P = i H%, JH85E
it (6) #H4T, 8P %F 0wt nE 0.

P, .
We w( _E) if p>0

6
w+1l if p=0 )

B4R, 2 d =11}, BEM DCTCP —%, D2TCP
5 T 5 TCP (At Kik et d mssn%
F& T LB TE AT X 28 A ZERE B, AT SEI 1 AH AR
DCTCP M 4ypitkng. (HAE N —Fh oA R,
D2TCP [ iE s mT HEE X E—~ RTT (14
EREMESRTR, ARESGERNIE, TiEx&E%K
DT RIEE ], A RELEEE o X 2% R 25 X6 4
JE il HE B B B A R, TE S A SR 1 A
A1 EH 8] £ 46 (Earliest Dealine First, EDF)FIf IR
5% (Shortest  Job  First, SJF), BRI 7 $d ot
WX 255 BEAR ML BE 2 T

C.-Y. Hong % AT 2012 415 PDQ
(Preemptive Distributed Quick)®® , ‘& 3@ 431 T %
PO X 25 B AZ B LSE B 4 SR YE N ) EDF Al
SIF, il R R AR I A i A 45 A AN AT L,
WL OLE T A AL 2 RIS T WME,  MTIE 2T
EE R . PDQ Mt S W 9 Fros, 78
A B B PR R b, SR EEA R 2 2R 0
W 2% 53K . B @) BT A I /IR L B ), (b)
KRBTSO, AR f, . fy A RRIER RS
(B 5EA, (d) D3 [PF2E T4k B R] R 2 >R e iR 45 ok
W&, AR f, AR R ESR, ML EDF 8¢
SIF, tn(c)Fraw, MIFTA mA T LAZE# i [a] p 52
Fo 3K U0 BHAE IS 2 () BESRRE T, 8 FHAH [R] 0 85 U5
ReWs SCOLRE 4 PERE, X2 PDQ MEEIAR|HIH
bR, SEELA R MR R TR E

PDQ [ 3% b 2 22 58 B M S 1, RIEE PRI
AR A E . W3 ACK G E T H, LA
Wi T A (AR SR A R . R EERE R, X
AU E — AR g, GRS ETRIEEE, mslk
1AL, SHZR A HE I A IR HAL ID 5%, %4
FOETEAR A O I, FERE — 5 18] B A # LA PR T
FA5 B ACK FIIA K I fi, 2% v AR 418 78 <R 1O 9
KNS BOT RTT HAE AR R UMNERETLIER
JE P LR AL I TE] Y, Ak R 2 FL 4 R i
A, ALGHITEIERBR . Joik e R AT 5E R ER
W R 2SS HIE S TR A E RTT HI . Uk
BB SRSk B E HI R ACK ki, AT #e
LAk, K EDF F1 SIF W Fh S m, XA Ak i 8] 1
KA EDF, 3 I BRI REL SIF SRmg, 14 LA
ID 5 S5 AR HE, (RIEE S A& 282 it
S
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GbRIR | RN | A ] 1
. 1 1 2 /3,#
g 2 4 1/34 fo
T 3 6 fo o mfm
3 5
(a) (b)
. AT 5 . AT 5
£, f
] ot fe 1/2
I 7] fs i i)
1 3 6 B T 6
(c) (d)

B Q. LA I 33 At i P s i

PDQ il A ML A2 HAT S, 4E3 R 25 FERE IR
&, RIEEER O Mg E AR R, J1E
TEABUE L8 2540, BGOSR AT (1 IF L T
SCLEA TS P A B PR RS, (BRI IO 7R SR
FE A, NS5 U I 26 43 i 75 B AT #1482
WEZRELR, FANTFEBAMEGREENISYS, X6
FIASRAC B R F 0 25T TSI, S EOE T
FEBLSE R E
3.3.1.2 BT E RIS B AL

D. Zats % AT 2012 “F4&H DeTail (Reducing
the Flow Completion Time Tail )7, ‘& ik JylnE—
SRR R ARG R A R R AL 58, BTk
FLE K I R 56 (Tail), 345 DCN &4 2E, Kb
BRI MRS L LA SRS AR 58 . S i Budi AL
R A, DeTail & —NMEER ST &,
FIH DCN S fl 242 e i, ISR 2 . 4
2 AR S AN R 3L R 78 R I AR R
W WD EFE X e U AT e T
P18 PO 285 A %K

= ZH A {5 Bz
8 2 Pikiwiet 4
1EHZ LT EHE A

|
R S | || e
TeAsE '

W22

HERRZ

-

& —

L=

K 10: DeTail AU 2 Whd i & &

DeTail X ¥t Ikt &l 10 o, SRR IR
RGN — DTG, P22 I T 8
NEANIERRE, BEZE; ST RERE AR LS
JEN BASBUOIZEER, ARhmzE R
THOLE i ZE A, FENHYZE B E R, X
73 I SERUR S ABUR L, PRIEBUR AR
e ZE . AR DeTail izl 67 B8 EHE T

WSR3 B AT ML, A LA T3 i R O A L
DR A A8 ML i 1220 X o P R A B Pl (5 2,
T AT R 25 B0 3 L BRI X 2% 4 ZE 4 B 5% 58 . DeTail
REMs (AR 2 Hl, PRARAE R 2 , ~F- 1l 26 71 %K
{EXS AL B AR, FHEAE G R

Alizadeh M T~ 2015 4E4 ! pFabrict , & #it
T b R A IR B2 T e R T
S B FE Al A2 O O P 45 Sz B N 7 2R T B
i 2E P10 0 (FH P 1 R 5 2 FH ) AR X B S AN U I
WAy # IR ), FRAKET E () S BEAE T FRAIC
KIS 1a], WRAR e R IR R, SO A R T R
IS, ShREDS BE RGN 4, SO Ty
B4 . Rk, pFabric i i B Fnd R 421 40,
WRESE TS S, A ML T T a7 5 R A L TR R
JePAEIERAR, eI L. 98, R
FraA RE LA, JASmttae, BrllsiRes
il (I E— H R R R S R e S AL T B, fE AT
PLIE B3z BARIR S T A E -

XTI R B, pFabric 8 AN 0 28 R
— AN KA, W 11 frs:
Hi A%

CTORAZ L BB e —

B
R AR H ) B

&g —

DD LD

B 10 5l oo I 255 PR VA R O i I

0 R A B rh O X 28 R AN KR AT
MUy F 0 S PO 8 S G gl A A VR 80 4% B e />
(RSBt rm), WA BB I — YO B 45 b 4k
B e 2 B Ry I, A5 ) D 4% 0 ) B OA ) e
.

pFabric 3 B H —Fh A b LA & SR 2R, 3
AEHHLIIAS,  LE N BAB B B35 K 24 i A3 R AR
SRR B ET; TEH BN, B 4arit e
R W R XA L, I
BN P RIE AT A E AR e bR, B
RTINS SE 55 AT AR N R e . (EHRAE
FHRERE TRESHTY, B H AR M 47 1% 3
e

Wei Bai 25 AT 2015 4E42 H 4095 PIASHY, &
R MRIAERESE, HREERERSILEH, K
TR . V2 A EE O M2 CEE A0
2 WM R, BT s L&
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A S 56 R0 R SEBILIR B 58 B TRl /b (FCTD, i
ITEMERE L RE ok, (HAESEE PR MESEEL. M2
T PIAS € Lo A A2 A AT R0, AT =R FCT
/Mo

ML B R B s AR (SIF) Kb
1 FCT, IR AFIE R E K/ WA L3, PIAS
I F B AZ BB A v F 10 22 AN 08 5t 2 BA 371 5k i R
Z RG] (MLFQ), TEXFAFIH, PIAS it
AR LR 36 71 BOZ T I v I e e A B B 2
RAC BN R, FEIRAELELE T LA S 2
BAFI R SE R, X AETS PIAS REME7E TC I T 2% 4B R
R/ IEL R, SIF.

W 12 Az, PIAS WREBEEim 15 A, A
TEASHN R o Il 5L ) e s AE T e v ) 206
KBIME K, BAR G S 2 (R A & o BRELAS HERf Al
Az A IS, #a FEERERL. 0, E
HEARIE I AR T e o A R SRR R i R
I VG C 7 /8, AL ATS AR 7 B2 AR A 1 B i) s 485 2R g
S [FIRS, ERMRAHUTECRLERE, A1 E B
), RO AT e 75 B AR K A 8] A eI 21— AN A
P ed, SEERERIL.

PIAS & O AME /BI85 15 B 5N
W, JREI TR, A ESERTRIRE AT, e
EM .

iR 2 g A HHL

/—/%

A

At ey e )

[ ooe -
R s LR

Hebrid RS
oo [%U% BIK
K 12: PIAS 454

P. X. Gao %5 A\ T 2015 4424 pHost* , H H
[ &% pFabric Fl1 Fastpass [FfL %454 pFabric (1)
e AEVEREF] Fastpass R H M 28511 5 Fastpass
Z5MBL, pHost B IR X 4% 45 #4551 B Ve 5 o 5 SR AR
FRMZ& a7 Bk . pHost 51N T — Rl it 70 A 2%
B, VL EALE AT R IR, ik
9.7 Fastpass £ H =i 5 2% 2L R (1 T4 o

pHost %62 Receiver-driven fIAE:, ¥k
6w 1 R GE D RE R R ) oy 3, Bk, Bl
JeRIE—ABMN ACK WEBI K IEu, Kk )G Rki%k
— AN LA B . pHost S T AR I A
Y ML packet-spraying, 44H £ 45 4% i,
BB EMILE R ETE & L. HESdE O
i, BODERCRERA ERSRAEMR, FAH
RAETENZE . Receiver-driven A A H e k4%
GlY-SE i pY e S e i e A W O B S LT T

—»] kg
Lﬁ T
L»{ e

Lﬁ ALK

I g RAAESL T IX—451 . RN, Receiver-driven
A DUE AR R SO BT R S PR, R A
EREERZRIE R, et m4% 1
ACK AT HE T, 5k T LA AR S 24 FE I 2
®,

pHost [ [ 1 & 2= o BB L 7 A AN R e 11
o BROAAE T AL I 5 2351, TSR HA B EL
AL AL P ZE i) . RIS burst FIREHLYE DD BB
KIBENLYE, PTRES AN Incast MFESE . (HE
Receiver-driven 3 E T —ASH& o236,
oA A B iR

M. Handley %5 AT 2017 4E42H NDPM |, H
FEH AR TR KT E, LS ] T ) v
&, N T 5EA R IXE H AR, NDP il 784 M
BALTAT N, BIELEAAT N B — 200
TR YL TN SO

NDP 7] BLiji & Receiver-driven [I4k(T%, &%
Receiver-driven [—%& ) @it —P5eE . B FH
MAEAREE, XA R Sa 2 A0 R F AN [ ) 1 5
W, FHyxfdi 254l CP (Cut Payload) [33] 7%,
B2 R AR TR ERT, KB m e fhokdds, B )
[a] A 22 2 3% wity,  WATT 328 281 PR 14D R A 38 b e LA
K Ie A& 14 H 1« B¢ R Receiver-driven S o

NDP Il £/ 563 1 Receiver-driven, 12 ik
N— NN ER ARG (BREH R — H L
FphuoE T, RMEEIERA.

Montazeri B %5 A\ T 2018 4F#H Homa™ . &
FEAL T R EARAIRE, Rl T BA KE R
M AR Sk, I H e SE R A e X 48 R %
Homa 8 FH I 28418 56 9 A 471 K Bl (R A0 0 PRGBS 4 5
AR TGN BERTHEEHR, 5
Receiver-driven Frji & 2 il HL | 5 i . Homa 1445 FH
TR N AT RS, AR R = A Ry
AR fEPESIF, Homa MRS IE K EAH 2
F pFabric, Jf H.Lt pHost. PIAS 11 NDP [ii5 i %
8%, JUTFHrA R s /N AR fu a2
. Homa tHAE&K 52 L pFabric. pHost 5% PIAS B 5
(149 X 28 A7 28K o

Homa [ & sSIRT, /N B 5 s 4 i fe
Je i dm il FrlE i T = AN HLER PRE N R AR
2o B oG, BRI FInH; Hk, Kikim K SRPT
(BRI A TR VR &a, Blomn i)
BB SEHALH] . B2 Receiver-driven L,
¥ Receiver-driven it — 3523, [FIN N 7ARIERE N
LA 7 A s B IR B, B it T I R AL
Gl

Homa (WAL s s e adt 4y 1 etk fRoedk
AR RS . (H R B S AR B, e s 4
()73 LA S g e — N R e ) 8, seEe R 2RI
JeIS AR E AR 4 TR . R Homa & —AN 8
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