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Survey on Network Congestion Control Algorithms

JIANG Wan-Chun', LI Hao-Yang', CHEN Han-Yu', WANG Jie', WANG Jian-Xin', RUAN Chang’

'(School of Computer Science and Engineering, Central South University, Changsha 410012, China)
*(School of Computer and Communication Engineering, Changsha University of Science and Technology, Changsha 411014, China)

Abstract: Network congestion control algorithms are the key factor indetermining network transport performance. In recent years, the
spreading network, the growing network bandwidth, and the increasing user requirements for network performance have brought challenges
to the design of congestion control algorithms. To adapt to different network environments, many novel design ideas of congestion control
algorithms have been proposed recently, which have greatly improved the performance of networks and user experience. This study
reviews innovative congestion control algorithm design ideas and classifies them into four major categories: reservation scheduling, direct
measurement, machine learning-based learning, and iterative detection. It introduces the corresponding representative congestion control
algorithms, and further compares and analyzes the advantages and disadvantages of various congestion control ideas and methods. Finally,
the study looks forward to future development direction on congestion control to inspire research in this field.
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I 5.36 25, b BAEAR G 5224 75 U RN 16 LR T S5 0 4517 T T SR AR TR A0 L DK 2 I 44 47 B Rk
K20 18, 75— J7 T, QAT B v 40 SE 4 i Bk e P A4 Bt H 2349 B AR, A7 5 A P AR5 A% O 48 b
DX 4% SuE B ol A 17 e PP 2 4P 428 o) SRV M R ) 2 AR AR 2 — . FE 0 R O 5, BRI X 4 HEBAZE R« 800 AL 56 B
FF 16 2 B S Ak A P 7 LI T, A D A B AE K (BufferBloat) a1 5), BIV A R G2 17346 A F) SE R A 7y
DA Ik 2 B AR Il A, AR A 2 T 245 BB B R R H ARz —.

AT AETE RIS BB & LA [E R S PR 2 F P AR SS, a TLARR I H 1 AN A0 A o4 29 470 2 42 1) 12k RE PRI 9
JRSRE. AR PO R AT, B HL R G AR GRS (45, pHost™. NDPP!. Homa ™% T 4% M B2t TR 75 9 1
FABEERT T T o] B AR EIHE 5 5 1) 56 BN ), SICELAE R AURK (4 I 248 4% 41, DCQCN (data center quantized congestion
notification)”!, ExpressPass'™. HPCC (high precision congestion control)™, TIMELY™, Swift!'"4& TAE#F ¢ 1 4nfa
18 To A5 ) 265 SR 8 o B8 25 O 3 B B 72 B 3 W AFAZ X (remote direct memory access, RDMA) Tl RE T BE LA
Ko le & R TS R IR HLE] (priority-based flow control, PFC)Y Ri 5 X 4R 41 9 . I ¥ BAL ZE I ; 53 41, i)
B o R 4 S AR R AR, T 2 B A A S TR B A S R A 2 i A T R T,

TE BT A8, 38 8 K L1 ) 28 TR 858 A0 A0 2 9 8 3 1) S0 BT E I A% 0 B AR . — 75 THI, BBR (bottleneck
bandwidth and round trip time)"*'. Copal*"& T_{E giritt T A& Git& a2 H Bi) (transport control protocol, TCP) [# ¥ it
R, BRI R T 0 A P 2 1 B4 ) SRR B A s BRI HEBAE RS S5 1 5 H bR 2R AR W T 5 — U7 T,
Remy'"*l, PCC (performance-oriented congestion control) Z551iE "7 Indigo"™. Orcal' "% TA/F18 SFI L 3% 2
SR, I G5 H 3G L 3 75 I 26 P 358 P 4 S 4 o) v

BRAh, BEXH AR AR o2k R0 48 S5 N IR B8, IR B H T WebRTCP", Verus™!'. ABC (accel-brake
control)* 1l PBE-CCP S5 i 7 47 (6 411 28 4% 1l S0 ik.

ST R A1 A ) VUKD P R R, AR SCERIR I J AR R R I S A ZE AR IR AL LA, 36 1 G T 2015-2023 4
X 45 AT T 2 21 SIGCOMM (special interest group on data communication) A1 NSDI (networked systems design
and implementation) FREFMMHER G L TAERKNAG =, FRS5MBE. NEREHKE, W
TR SR RE S A . AR H AT O — LA LRI AR, (H2 e AT EE A e R B dr O 48 S I — [ 45 37
SO g DR e st BT R R B (R R B, AR SCER R S O I FE s T R, A AR B T AR B
SARFN T v, IR ZEEE R 1T D ik B A BN o R i BE 50, B2, BT HLA% 5 5] 20 B kAR I =X
X 4 KK A CEFE— B0 A AT T i S Ze P i Bk T AR, e T EA TR B R S . )5 e g5/
JEEE T AZATUS ASRATE T 35 I i SRR, AR SCIEE REVR R TR AN B2 AT X 45 4 ZE P 1 R RV T T B, LUR
RAZSTIFAR I T TN 51 UG 5 22 IR R

# 1 2015-2023 4 SIGCOMM 1 NSDI & 3 14 FE #2456 1 5L
L7 REEN RESW )3 3% 55t R %]
2%2?&!%%&?, BT RIS AT e
ﬁ%ﬁgﬁgjﬂ%&ﬁﬁ/ﬁ@ﬁi BRI ) miee o s et
”‘ AT SR s g, s %) T IO R R SE50
IRIEMAR, LA E A i iy s

FIFHECNRR AN ZE, BAUCR RIS BCNARID 7K SR IE R, HLAEE & i fF
SE AR RS 30 6 30 R i DR SEEL

TIMELY®” 2015  SIGCOMM  &de .0 j 2%

[30]

FastPass 2015 SIGCOMM  Hdis s R 2%

DCQCN"' 2015  SIGCOMM  ¥3 h 0 %%

e et ok et e e o gy TEHE DX AN EL P LR S,

NDPSl 2017 SIGCOMM el o PeVVRXTRIORAR QAT BT G etk — i,
Ui EBNN, S [ ETADRSTIE 5 H SRR AT

Express- Frloom R %A AL, AEHHUIRIE IIZE RS 00 I 2 bl C A TR, SBik

2017 SIGCOMM Bl CINE o 0 e 4 B figgnt

Pass™!
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21 2015-2023 5 SIGCOMM #1 NSDI & 2 (4 ZE 1241 AH 551830 (48)
HE REEMN ORESW N 375 S L]

o oo s TSI UBIN T 0565k, Bl 35 SUBEE B AN, (50
Homa™ 2018 NSDU HARTOIE e ks G T A R A

PCC o1 NI AUECEVES B e T ER, OERBERE 5 TH0E, HEPCC

Vivace 2R 2% DRIREIN
Copal 2018 NSDI  EALM%. B ool I R DR g g

FRIEIN B W EHEE A

FILFH 22 B LRI INTI) REHE 15 W 4515 2., AR
EEAGESY i preEs

BEREAS 5, B SRR BB,
A wH ST O E) T R F AR

PR e 3 ) (O T 1 L, i T LR 38 S £ T e B B 4D 2 I L L

HPCCH 2019  SIGCOMM %l L% K FB G I A

PCC
Proteus"”

, 2020  SIGCOMM TCZZM%s. RN

PBE-CC™ 2020 SIGCOMM To Lk 44

I BAF SRR, AT M4
[19] s 5T CubicHAE TR BESRAL 5 ST O XUZ . B 48 AL 45 W 2% A B8 3 25 115
Orca 2020 SIGCOMM JLZkM %%, [FIREM e 2R

o VeI G0 BURDIC R e B R TP 2 0 O, WUt FrRTTPI Z 60, (R
2020 SIGCOMM  BURTOIIA  yoip ook e RUBR SURPT IS BT
SETAER R VA FRBUR, SRR £ SO 0 2 T AR

Acolus?"

Swift"” 2020 SIGCOMM i LM%

L SUERIIRIIES ERiIRiIES
ABC™ 2020 NSDI T4 E’JE_E?%&? R0, BRI o sgromnn oo
ACCY 2001 SIGCOMM etttk %iﬁ;ﬁrﬁﬁ%%mﬁmﬂﬁl‘aﬂﬁﬁﬁiﬂ Iﬁﬁﬁ— L ECNIRH 1 %

RN B AR AL M E 4515 2, IR

Zhuge™ 2022 SIGCOMM TE Lk M4 L g A b L 2 IPRTCLE 0 24 155 12 11 kS
e PRSI (03 i 18 e b R S ]
Nimbus®™! 2022 SIGCOMM SERG] ngj it A?ﬁ;gg;ﬁ . ,ﬁiﬁ A i?ﬁ'ﬁ%‘"iﬁﬁzrﬂ 3L 7 1]
PowerTCP™ 2022 NSDI  BClEdo0l% St A SRR 0 R LTI

S 511 T IS e R, T U0 7 B 12 S b s 132 17 7
AL S BRI B R A R

ST KRTTHREHIAE B B b v, T % SN LK (O R it
DS AR I e B g LRI IF 153

Sagel™ 2023 SIGCOMM BRERAE

hostCC™" 2023 SIGCOMM & .0 b 2%

CEIE S
o ooz T TG BB BARTTIOMIER M BEN, B 7
Bt 223 NSDU HRPORE e ok Gl
ol npt Bk NI, ARG SRR &

1 BER5WRIR

115 =

2k N8 (i BRI T P4 AR AN R 1 E, PR AE R AR T 12, S BN S HERARERT 36 K, 247 it R A,
B RN A AL T A R E SR R T BT P4 R B AR R, I ZEAE 48 SR AETE. (H
SETEAN R 28 PR 558 R, 3 s A 2 1) 3 2 S DR AS [

TEHAE ML, T AN AT R BSR4 3 G5 0 B 0 AR P 45 5 18], 40 26 T sl 4 Hb 7 Y
b L. B, ERF FUE 2 1 4 (incast) JBAS AR 10, 2 AN S ik v [A] o 1) — A B2 Se o % 16 B0, 1R 5 3 Ak
REGAZHNED; TEIEXTFRII L, {8 510554 2 B8 1% (equal-cost multi-path, ECMP) #3541, 7 HEfE K
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BT A E MM BRI ik izik 3955

TRk B BRE A B AR L, 3 R SR RS T, AT 5] A ZE.

TERURE W HR, B 5 8 38 0, ST aR AN 45 R4S SR DR, BRI T AR BE B3 n T, 3 4 M R B I — AN R L. 5
b, A SR 24 T 4E I A 55 AR (bandwidth delay product, BDP) 048 i, 2k 7 i b Bk 5 K B B Hh S8 2847, 3t
TR T SEAE I ) R, 3 A i A A8 A vy L 7 i i AR

TETC LR 2% i, B I T 240 R A T R A 5022, 4 T B T R ] B R S AR A R AR . R R R,
SRIRCAR A BT — A 20 P 190 4% DR 150 e 38 T 2R AR AR 5 s R I 4 25 TR b, 0 SR AR o 3 ) 200 (0 145 I AR
SRR, AT BE I AR R R AR

22 2 ] R X 48 25 30 SE IS S S b AT VA 7, DAISH Lk R0 28 H 00 3 35 8 T ZE 3 ok 1 H A 2 B K AL B R
B R A5 /ML HEBAAE IR . SR T, 3% P9 B FRAEAE T R 98 e KA B 1% 5 e () 0 B 2 1) 0y 92 T A6 1) T3 78 6 ey Bt
AL AT, DTN 7 HEBARERS . BRub LA, $HZE 20 1) B bR IS S fRAE AP HE——R1 4 2 &5 S i 2 5
A TR B 6 115 9, St /M IR 58 B 8] (flow completion time, FCT)——B[4> 1 &I W TTUA Rk B 1 RIXEHE T4
Tt e [a) s /NG A, BT IR, SR B R TR, 0 ZE 4 ) vk R 2 M SR R 1) B b, 81, S SR AR 1D
{2 PR A HEBAZE B, AT/ JITRT A (best effort, BE) Yt 8 3R v A G AR i 2

I ZE 4 ) ATUAZ A0 RT3 (s i) S0, RV I e vk 35 ANAH ), (LR 4 JE 4 | SE A B & — 30y, wI LA BA
FENAIRL M R e U RFRIME R D ali# KIRE R, ¢ i SR Z, A4 Bk i 3h AR Al A5 T
H o 7 R R RN

PO~ jww.g0.p) ()
Hoh, g EHBAFLE, p N EIMEESERIEIEA R S8, AR I R AL X s R 2 h Bk, N —i
ZIPHNEEE O BURIE R 5 Y AT 2P D BUREE R . AT K S5 R ek R R,
1.2 PAETHINE REA

B TCP MYE RS i L, F T Bk gk o aod R 36 5030 T v e 3 S R 22 4. EL 3] 1988 4F, Jacobson
SENFEH T 3R 4 98 (additive increase multiplicative decrease, AIMD) v Ul F T 92D 41 38 J A= s O X 285 47 3%,
Wy L1471 2 7 % 5 L TCP #il 2845 I FSUAR /& TCP Taheo ¥l ™. & LI R AE A0 2645 5, SR AT AIMD JA I EAT
2R O . B JE, TCP Reno™®. TCP NewReno™*. TCP SACKMS]?EZ%ﬁ?E, %33 T TCP Taheo 7ERE K E
A A% E 1 AE 1A AL TCP Vegas"WEA TCP )5 M RRAS, K ZER 1M JE (025 R NI 65 5. Tl ix Lt
SR 8) S A ot A AR A R R D i £ HH 1.

W6 55 9 £ 7 B (1) 34 1, TCP Taheo TCP Reno S5 #M AN B8 I& A Ty o [R5 Y, 3 FH T3k e 038 SR FH 2k 1k
WRM T, A RTT RGN 1 /NG, 75 2R BB B RE AN & 98 X 265 thAh, IX Bk B4 45— R
PR ZE R O, BRI A EER (107 B /). DRIk, HB T B Sod g 3o R 4 IR 4 41 2 3 1 5095, 40 HSTCP (high
speed TCP)“”', STCP (scalable TCP)™, Fast TCP", BIC-TCP"". CubicP®"4, ‘&M 17E LA Tl 4375 SE i, AELALL
FE45 TCP BT 38 55 SR E IR L o) 2% 7 5.

TR FE AR ) B RS I WL B RR AR, SR RR A i Ao B o B A0 ZE A BRSO T Ak B T A (4 2
PEHIBOR, B 703 2% RE R 4 R B4 1O BE 0, 3R 3 T E3IBA I FE (active queue management, AQM)™ 53k
AT ZESE . 40, TCP RED™ Vi % 1 2% LA — MR E T W 4L IAFIKFER T Thyy B, BI04 24 ET. 5
— L] B R ZE38 0 (explicit congestion notification, ECN)P*2 1% iy 28 AR 45 A Z1 1% v %t TCP 8k #4747, BL
A S5 BRIE A AL E R, A, 2Tt in p21P°), PID-AQMPY.  H_ PIDF”, DMPIC-AQMP*45 3L T
FHIER I T E R T % AQM SR,

B T LR E S EIL 2 A, I — AT DGR AR ZE 1 R, o AR R B U4 (software defined
network, SDN) P, 22 i 42 ey (0125 SN 1 I £8% Fty 2 ) 1 T R0 00 ~F 1 3125, R o o o) 2 e 45— 2 11
ot IR 248 AT G 2 4 6, DT S A 400 s o) 90 285 o PO 4 28 . 22 2% B A2 P i U mT AR R ok 7 40 9 B A5 A o ) LAt B 4
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PR AT AT T B A

FIAI, B T X i A S X % ST T N R R R I T — Ry e 3w I R AR R EOR. R R, e
P I 2 75 DK I R it A 22 ol 2% B0 4 i 381 i 4 8 12 i 5% 0 PR B . HG v 200 PR T (R BUER P X 2 (time sensitive
networks, TSN) f] H brA Al 52 i 1 7™ 4% B R B} 3 SR . IBEE TSN AR SR 7 — AN BR AL ez i 22
ALyl O PR ALf, By b ZER2m TSN A (1 &, [FIR, — 2 T/ERT 7008 i B ARk B R AR IE TSN H i i 1 4L
i 129 i 42 50405 W9 4% (named data networking, NDN) & —Fiog B i+ i) FLBE 44, HoAZ 0 BAR 36T WA 4 8K
AR TP BEAT 8 ALK 2% tH. NDN B & IR s 15 & R 256 55 40 TCP AV 2 A —FEpysbJy. 4, £x7 1
#4112, ICP (interest control protocol)®, CCTCP (content centric TCP)®’, ECP (explicit control protocol)!*%% T 1
5 398 3R 425 1] 551 FRCEE B2 UAC #E 4T, T HoBHIS (hop-by-hop interest shaping)®”’. HR-ICP (hop-by-hop and receiver-
driven interest control protocol)'™ U i3 47 32 Bk () 7k 2 425 i

M, MEEHEEERRSET NI TIRZ 7R, %A — P EE RIS R I & B AT A P28 BR 8. 2K,
ARSCFG 3 EELRIR SR AR ZE s i AR
1.3 fBXLmk TIERIXTEE 5347

1 JUAE SR Bt 5 9T I 265 4P S 428 1 B2 R AN T R B, — S5 SR 2708 TARAR 4R R 3. BARE AR T AR 4 () 1A%,
{H AT IRAFAE — L8 2. T THI#EAT 187 58 R A G AR B 40 A

SCHR [24] A48T i3 T A5 B o0 X 455 1) 4 S 4 o) BR00 . N A o) B 40 Dy s R =X 4 2 4 o R 2
S ZE AR RS, S 3 2 s o) R 25 42 o) S92 7 X 4% 7 AR A 2E 2 i AOH RORE, 3 l A E  of) JUd o
FE U o B R B 2 Bl R R IR B i o TS W) R A B Sk — 28, SCHRIE SR A B RS . AP HE R
PS5 5 TG A ZE 45 ) SRR AT T 1018 (L ST [24] 5 IR T 805 oo M4 i, B EBEH BT LR TR
%) 5 W

SCHR [25] TABE T 2T RDMA 1 = 1t RE B AR R O 28 i s 3l A48 T 1448 RDMA. F£ G404
L P 25 A1 RDMA SCHRF IR0 o0 X 248 Hh s B 42kl Uy 28, R GRS 20 BV B AL i) R gt g o b 8
S L7 THUG B 1 S B4 JE 5 i VR AT 7% bl SCHR [25] FIFE 53 PR T 250 A 0o 2% PR 87, HL 32 B3R B4R RDMA
Yyt R (.

SCHR [26] T84 BLAE B 5K AE WS 5 UM 23 ) BEEAT T A T, A B e 75T TCP #E Ui 4%
HIEVEFIIAL AQM, 04T T AQM FILEIR (5 5 2 8] BAH TLAE . SCHR [26] AN P R D& ot vt R 4%, {H R PR
T T A A S A )

SCHR [27] B3 B0 0 2% A4 E VR T T IRBF, K 20102015 45 (1180 A0 I 28 AL S BT TAE 4
BT 3 KB T EALAHZE R IS . SN SR G B, R IX 3 R TAR AR Bk s AR NI
. WA, SCRR [27] 2007 T A SR O P S AR AT BT TR A Bl IR BN I 2 S ZEFE I FI RDMA f& %
PPSCE T, SCHR [27] T TH0RE A0 48 AU, B BT e SEI IR AE R AT FCT 45 H 7.

SCHR [28] X AT T T BN A O X 28 Hh gE AT S S 4 ) D R 48 1% S NI s s AT B R RV R AT A7
IR BEEAT T 2508 3T ZE S0 7 28, G A T 3T ZA. BT ECN. - TfHIR IR (round
trip time, RTT) 1AL T FAIE B ZE 42 ). o T-O i B2 U 4, SCHRVAG b i AR S . K/ M e e AN 4
(R B T SRS 5 5, SCHRTRT B AL A0 SR RGN J7 AT T 5 SR BT bR IR Hb, 12050 Ry H 4L
PRI E.

SCHR [29] EZEANA T HARE AL R R S B FRK FCT M7 %, JER 4 T R B SR T % RN,
AP T HEE L L T IR B, AT T — S IUE A TGV AE S8 R O 4% A B R A 0 SR AL SRR [29]
FHFIGET 2015 FELAFT I LA, A3 2015 4 LUE R LAE. Bk, BRMAR X H NN 7.

LI 88 TARANR], A8 S BV 22 b 0 2 PR 353 rp 4 2 42 o) B89 0 e o1 SR RN O v, Bdsxss b i 2 B,
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R2 ARITAEW TR L
SCHR Bt opon P 2% SRR HTIEN RO EEE ] Al ZE S AR R

[24] N N/A N N
[25] N N/A \ N
[26] N N \ N/A
[27] N N/A N/A N
[28] N N/A \ N
[29] S N/A N/A N
AL % S Y y

VE: NJAR IR ARREAE

2 WEEHEZLEENG A

P02 2 1) B9 3 SR e Y 24 ) 4 SE R O, B B 2 M VR Y e d O B I R T BT LR X 4 R 2 S B
IR 28 M BE 3P0, R e B B R FH 28 AR SCERR AT TUAF s B 40 SE 45 ) SRk v vk RBAE RN 7 2, B o0 Ty 4 28 iR AR
WA B, TL TR A TR 22 2] 2, JE0 AT R AR SCRIGPIX 4 AR HIR IR AR I 10 2 4%
7 1R AT A2 DL R P e H R S 3@ 1 O R 8. G R 3 (1) I8 T SRR IR 2645 5 AT 2 R 5 ik
JE, AR 2320 7 328 TR AR =0, iSRG @& M AR AR YR v A 5 BAAISSE B E B E Hk, WE T
CELENN A R0, 0 SR A G B R 2 T X ) % R VR AT T A5 B, D) T e A B s an RS R R I A Y
BLAS 2% S BESRAR B, U T T8 21 200,

ERORAL E AR AL )t T R o 1) 2 v PO 50, (5 4 4 ) A [0 7 S dt A2 o) T 907 L DR A ik s o PR 38 4
P8, 38 B WS AT AR I R N B 25 R ). A R S T TR AR, T AR e i A T AR 2 kA S R A
P HI A S TG, T A R m M AR v e
2.1 ERHRUR

RS R ZE S I 5%, 40 TCP J & i Bsidh iR AR, FEAZ Co 150 v SE AR Je a3k AR Fry 75 =X, R0 AT ) ) 4%
i . FEIEARIMIE AR T, TCP R M ZE & 1 B R A 77 20, SR ATH DR K H 2558 AR A S i 504 0,50 %476 (inflight
packets) KT 5% (1) BDP, LA KAL 2. X0 B R H)5 2, Filcsl—> ACK @5 & D& 2 n—, Mk T
R 3% Ui 1) 328 R 2 AN O A R IR 2 . AR R A BE, TCP SR AIMD )5 UE AT ZEE O, sStBlA
SERUSCER AT . TSR, IEAER I I ZE s T AR W TP R R

(1) SEARIRI A ZE bR B . TCP LA E AN ZE 1R &, W2 AL B A R W24 28, X Fh 5 i 1A s 2 B8
AT A, BT R HEA LR B . H T A BBRU G ZE b & A 808 v BDP, 385 A5 A 16 1 SR AR5 &
%A 5 BDP AHAE, DUE BRI FIRE RS, ORI K HEBAERT 1 H bR, o5 — J7 T, 5 T A I P 40 2 43 ) 2002,
Copa™. TIMELY™'. Swift!" &, J5 91 FE bk i 5 15 G 7F FEASHE S RT Ty A1 RTT e (21732 N AOAE IR ZER) 22 [,

(2) IEARTRIN PG & . R BRI 7508 B 2805 & S I FR b, 248 AIMD 975 3K B - FL 3~ kR (1 A
L, BARBE TIMELY™), Swift! Rl DCQON45 515k 4). JRIM, 3 7 $& T Ri# %, TIMELY ™R Swifi! Mtk T
AIMD () 355, 15675 3% R A0 28 AR RIAI  1) 24% 390 26 2 B8 Al I Ll ; DCQUNT I i 47 2 4 2R AR T Lk Jom e 484
Jin (additive increase, Al) I FE. F £ A~ ACK 4 ECN Aric i B &4 7 [ %2 (¥ fi5 3 (multiplicative decrease,
MD) Z %%, UL 5 PR I 15 B 704 ZE 47 35 AL T BBRUUFE AIMD IR 7 38, SR FH 37 4 48 i 3fe 44 o />
(multiplicative increase multiplicative decrease, MIMD), J&l #TE &2 1.25 f580E 0.75 £ 14 R B H/INE 2, R0 2
75 B IK I ZERR L A Copal I S A btk 3 I in 852 (additive increase additive decrease, AIAD) f 75 =8 i 41 %2
&, R S 5 A RTT HE%5—IK; BN ATAD J7 2UAC ABDAS AR (0 K 250, Inbems) 57 58
22 BEEMNEX

BN R EAAR YR A5 30 0 ] F 48 S5 48T R 1 R0 R . 22 L B A A 2 AR
94 XCP (explicit control protocol)®”’. RCP (rate control protocol)"/4s, T AT TH % o FELAR J& 76 i % B 52 #e il b
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DU AT R R 2 B, IR TR . X — 7 VR B U 0 TR Ak AR U A ZE AR A, e S R, B R R AR
ATARALHEAT X 217 58 (R D, TR, T4k, Bl & 00 oA o sk — B R R

F ORI FH P 2% 77 0 R A BB I &2, {H R 7 3L S0 RE o IR IR SR S IR 0L T, I e BEA Tovk — 2 Bl
bR 306 3k R T B P SN G O, 45 SRSk AN A58 . 41 %% i A, TFC (token flow control)” 34X 78
KR 0 D0 245 P £ BT S SO0 SR B (1 DA B, T 45 R D T R R 4 9 5 . HPCCP!. Power TCPY! IR F
TN 2817 58 BABISEAE B TS 2 i A& 3 2 T W 4% IR A IS 0, L& MIMD AR 56 4 58 G 2 i e S
FRME, 2 J5 FAKEE MIMD+AT #2426 0 1 SRS B AP 3L 2 .

PBE-CC U 77 422 YA bty 38 3o A2 42 1) 155 0 S EDL /N [ e W) 3t A 42 380 F W) 8 B e 2 SR A ) PR 2, DAV
BRH P BCR R R, BRETHE AT IO 6 R, FRHAE B AL TRl R 3 s AT PR (LRSS P i e Ty v I d
TR A A M 5 W T B3 . ISR AR AR RN 4% TR i, PBE-CCYR A 2448k BBRUPHA AR HRI =1 33 vk
23 MAAER

BRI i HH PR TRy R R A 42 1) SRR 7 50 oo I % v BRI B AR B ) AR i . T2 i B AR AR
3 A7 2 J7 2O 0 2% BRIRIEAT T, SR M T 240 1 5 SR DA R IR0 B Bk X 38 43t 20 FICAH B2 FR) S 8 I T ) 245 ¢
VR 23 e 77 AT DLIGE G A% e AR ZE 45 ) SRR DR S B b ik 5 o i i 4 28, EBLIE O RR ik B B 1) 39T BA 51,
AT R K BB 500 A R B B )BT, 38 R SRk mT DA Y 325 DR MG Ve P~ 35 5 B B 1)

TiZ 18 B A ZE 475 ) R BT A T R O — R P2 IR I TAI WL, — R R BE (R 7 . X 28 BE R .45 )
EATTE S IR BREE. G, TTLAXT IR B AR R HLIEAT TE, R A0 VA 58 I TR) 2 RE A% I, AT DAL A 5 B =8,
RAVFRIERE T 1 58 BOH 2 R/ SOR R . 08U BE 1) 7 v ] LLAER A 2R 23 A7 s P B 8 v, 7RG xUiR i
TiEH, BE-ANEREERSTEIAE RN ARES R, B, NP RN FERZ R, R ERFEEE RS
(1038 S e DA A I TR) TR R R A R A AR BE SRS B B =g M R, (R 7R BT TR R I i 40 AT 2t
RAEEAE. X BT I VERIE AT T R AT

(1) FEAIG I 28 B U T 247 I 1) 6 VR 2. P48 TR UR TR e W) 7 R AE B 2/ 1A RTT (TR [a], £E3X BRI 8] A
R IEBAE, SECH TR, )40, FastPass®?. pHost™!. ExpressPass™ 275 B 5662 1 4> RTT Ki%(5 BT
R 28 R IR IR TR, FEREAT BOE A5, T 90 )7 240 NDPP!, Homa'™'. Aeolus®" [ i #E4T % 5 T 20 A 4 A, 36
G IR BE IR T T IR Bl 0, 7T 14— 5 0 PR (£

(2) /34 I E 77 K. FastPass™ 8506 7R A A b s U8 . I3 8 i 5% 75 S 7 S0 6T 1) P o) 19X 8% o BT A 9 e
EIRRERT ] RIETR AR, 2 48 FURRAR KBl ) 4% 5 B AR v BT, P o A 82y X 2 A sk 2 e 7 1 PR T A 5
THE B H 7 20 NDPP) Homa ™ 25 1) F 2S84 7 3 A 2 0 1R B A AN it R 67 i A bl 380 Fo 7 o 11 2, B
BN 2% T ) —FB AR 2o i R, g — 1R SR 2R RN B, 5 ORI VAR R R L SRR VR R
X, BTG Y Rk, TR TS KA 25 .

24 EFHHFEIN

A5 25 1) A 28 42 ) RVEAT AT AFAE T ) 2% AR AL, B0 7 223 AT 2 050 B0 vk S Mmoo 2% B B8 LG 1 TCP
Cubic % E 02N S, £ E B T EERNFHR, IRWMEN %, BBR #FEZ N SHFERE. N
i BBR & FI T FE 28I 4, 43 k2 7 (10 AR DTATIAE 9% 7 LA (i IRD A 5 B8 g 25 1), S L 2 o) 305 ik
WUERS 21 1 RN R R, 48 S R e Y. X M7 2O My BT, AR EEXS 4 AT R ATRS
AR, I FL Bt 2% o I Z IR B0 L [ A6 TR R G T Fah i 2, LA AP0 & RLE. Remy! 8 Yok AN T4
ReH AR B TR ZE 451, & S H B bR bR 20 B VR U (A 5 AR B, 185 B 2 11 0 B 45 2R 1M\ R 28 AR 7S 21 T A
TP BB AR 4k Remy 2, 3E T AELARALET PCC RA11 JeFIRBE ML ST (1) Orcal"”\ Aurora! il 824l 4
k. FESEBR LA, A RS s & TN 2 A, SR B IR B (R R AL I, DU mT R VAT S 38 o R e
AWK, RO BRI, ATk, FE T LA S RS B T E R W T E M — P IR R,

(D) MLAZ I FiEFE R R AR L 6. S5& 50 TCP Bk FI HAM IR 5 23 X007 ARG, ML % 0+
AR W R R AR R NG S i 82, SEBERWESUE . A E0s b S 4b B 2E (central processing unit,
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B A s MEESR FEEAE 3959

CPU) 14T T8, i BUELIE K 5 F PR 22 B1X6H% AL, Orcal™™ .\ Eagle!™ | Libral% 7 252 Hiks 4 S 4l 2847 i VR B
SR ST RO e R, 28 S R 4% ) (0 S I 5 N TR REBOR I & B LA #RTE.

(2) Bl aE e SR B R i AR S 23 T LA o 20 207 SR AT B e i A, 2 2R 2 37 SR 28l s il
4y, X IT7 AT P BT IR I B USSR T 1 H A i, BARR U] — MR I ROR R SRR PERE T
R, MR ARG FEEERIVEREATRE. X IX — [, A PR R TT 6. — PR R A 22 2] BB, e
SN e VI 2R3 53¢ A MR, LR R 7 SRAE AR T I S S A% 3 AT T8 K I IR R, 2 — gtk s S8 A 23
CSIGE REA N T8, HLAN Orea AYEJZE Cubic ISRy L2502 2T BOMSIGRINT-IME ., 8% 1 sl o)
P T R 15 B AE — AR R

3 WMEEFIEEDLEN

AL T R $0 AR B AT R RS, 965 4 Jbhit, GBI R 0o 2203,
I C535380T g 0SSOSR T B 5 U0 RIS HEE A 0 T IS R R AL
Y 2 /N TR PSS TR 2 4 T e SRUBIE A SR B A 5 S SIE 3 /2%
ST YL SRR T AE ). B SRR AR A2 2. LK 1 T,

=

SRS PE ] e

TIMELY®!

A 4

TR B

BBR!"

43 A 2k 21 Bk o
Copal® — AR (e
’ s
1ft101

Nimbus**

EEETETE
[7 -
DCQCN I 1t 5]
ABCE22 PCC Vivacel'?

Zhuge®!

&
=3
=
=
i
o
pes

PCC Proteus!'”

ADPG™!
TFCI™

Ketabi 2§ \176)

HPCCH2 BN

A

HTHLA
2 L

oy

4

222

PowerTCPB!

Indigo!®!

PBE-CCP
Orcal'

I

Bolt*®

Sagel*9!

Poseidon!

B

" - [32]
— | WE] ACC

B gk

3.1 ERIFR
H AR 22 B AR A P AR 5 2. X I ZE 4% ) SV R S0 2 R R R T R, 4R R 3 R 2% 4 ZE A
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U DL 3 G 5 R TR HE BA B IS, 75 DU 3R 2 e SR B PO 488 7 5 . B AT TR 0 1 A QA DN ==X 11 0 2 s ) R 2 T A AT 4 L
{14 S Rt — 2004 L 40 B 3] ity 2 | AN AE S L B 2.
301 EEFEE

Ui B 3 4% ) 2R AR P T I R JC 75 R IR Y s PR L BOIR S B, T T R B 5 R iR E S B B
VBRI gE. XK R A B RS MR N 55 S . TCP Reno. TCP Cubic 1 Compound TCPU 2 it 74 (1)
BT E ORI EE. XRREEANRE T IS M A X, B BG4 e R4 I 28, 1IX & S8R 1
HEBAZER. TIMELYY!, Copa! "Rl Swift! "5 f& DL SE I A4 JE 15 5 (¥4 2E P2 ) S0 oh - H00H0 A i B FeF 1) 2840 v
DA Js Bl oA 2% % 22 e WL i DX BRI BA B S, BT LAE AT T RE TR AR A b 48 S 3k i ) SR 6 11

ity 2] vt 2 1) VR A SR an ) 2 o, ROE R F 5@ B AL RTT 2 ECN SEHL R B0 9 45 170 2, BRI F2%
T E A ZE 45 ) SR ak A T 75 T 28, Rk e B T AR ST 7 BT ) 3k i B R A DA B D Ak 2 i B i 48 i B
AT B4 2E DL RCR PR A4 5 SOk A s R

o kesw Bl
Yot to I
N N
N

TRAIR || AR
SRIZE | TR
ML ML

P2 38 o o) s AR PR SV HE 2

TIMELY: TIMELY ™92 /2 £ 5 T 250808 o 0 o 35 1 48 B 0 90 28 P 509, L@ 3t RTT (B0 B SR 1A B AL
R BE RS AL B8 1) [ I A B OB AL A8 SR . TIMELY B 55 32 5T R 7E T W 7 M £% 4 11 (network
interface card, NIC) JU = 3] RTT /& DU A i THAS ML AL I HE A ZE B . & DA — AN B BN A, @i v BB R
1 I TR BT 36 S I TR B SR 35 RTT. 458 RTT J5, TIMELY AR4E4F VA RTT S5 AS 0 RT T A RT Ty L
BORFATHZ A, 24 RTT /N T RT Ty, B, KIEImIVERG A IEE 2. 24 RTT KT RT T, B, KiEuRIFIER D> K
BT, 2 RTT /v F RT Ty, A RTT, Z AT, WIARYE RTT (9748 (b 5 HEAT S R 2

TIMELY 5256 45 53¢ B HoAH H DCTCPY ] izl 92.3% 1 99 43 i FBAE I . TIMELY (A2 2 Ab7E T 5
VML 5 R 2, WCSIGHE R, (6T SR R A UL 2% 55 7 A 35 K R HEBA AE I

BBR: BBR"? 54 45 1] 2 s | SR AN R, B 38 S e 8 3 8 DAl X 2% o 10 B0l B 504 T BDP, BTKE R 44 1)
N FERR & S BDP. ALk, BBR 75 A 1M 305 98 A1 W0 28 JE AR ZE I RTT,;, . BBR 383 #0508 A5 11 7] FH A 98, &
JESATEHL S 1.25 53 KRR H AR IR RE B . PRSI %, 2 0.75 REis b A% 8 2 DLy > W 2 R HERA. S8
J&, BBR 7E 1 A~ RTT N HE% 4 KR AL, DLHESS W4 1 A B R SR RTT,, , 13 2 LA EBANME T 6 2505 #aT DA
THE B BDP. X BBR S50 45 PP % 8 BBR 1£— L4375 T I Cubic M & .

BBR (1 i) f 2 ) FH R 3% o FF) 2 WA 3R A1 17 98 B £ B HE DS BAAUAG T RT T, , P& SAELEBLER U, S50
BBR ik Akttt BDP, 3 M 7F 5 2837 5 R A7 00 B B ) FH 28 1 Pl 2 1 2 1) 1l 0. 175 EL BBR FO38 58 8 5 ALk A
I R 4 T 5 08 B2 4ot SEL At W80 14 3 i B T it T it

Copa: Copal "™ [ f& —Fh 5L T 4 I O ZE2 014495, 5 TIMELY A [5] f2& & 8 T PR 9. Copa 38 1 J& 3914
TS RS T X BB R BEAT LE IR A 1T, FF BT T ARIE TCP AL (35 4 2 M, SEBIL TG AE I o k4 % R 11
AP, Copa IR BT 5 BEAR R BAAIRE R V15— A B AR# 2. 12 H ARIEE H TR s R 10 K/ R H
WA 2. G SR 2 R N T AR R, W ez, . @ i (R H ARE S, Copa fIF R A71E Copa i 3% 4+,
X BAFILE 5/ RTT P4 B33 2. A, Dy 7 RIS E AL TCP 364+, Copa Btk 1 3% G i m] T Bt
B, M X BAFILE 5 A RTT WA TES, M Copa W HAFELE TCP U, T #E N 3% 4+ 3 1 X D3RS BTN
Fk . ZJE— BERMEIBAFE 2, st NBRARIIESE G it
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W7 A MR 4l 77 ikt el

TEFLSLM 44, Copa A L Cubic F1 BBR 1A 2 [ [RIZE 7k &, HHEBAZERS PR T 50%-90%. Copa 117 &
RIS DU, B SAZ TR AR & SRR 20k X, Kk Copa AT BE 248 R il -7 78 JLAd 2R3, M T 4 it gk
NG FER, FEBRHIHEA LR AR A

Swift: Swift!'E A AA TR FEN AT HOE 0 4 B A T RE R O ZERE IS, 55 TIMELY SR A
[ ARTE T e QT R H SR M LRI 2, I 48 ARG AE N AR, Swift B S I 40 M R X 25 SiE B AN =M LB . DR T RIS
IS A 24 SE RS A S HLAE RS, Swift B R IZSRAERF R ANMZE R L fownd 1 ecwnd, Fo53 5 LA E BRI 48 ZE IS A AR EHLAE
B AR B bR TR, B E 0N fewnd R ecwnd WA 1 B/ IMEL. 25 FEBIB0HR A0 A Z AR T AR R 4 4 4 L Bh s
AR PR, Swift 22h AT B AR IERT, 1M B AR EHLRER & BN EE. 75 100 Gb/s P51 SLa6 25 R,
Swift XF T4EH B ATIAENT 50 us M REHAER. 7ESEFRIVEERE, AHEL DCTCP, Al 90% LA FfE K.

Swift [ B 401 R AT FE 9 (9 B TR) B A ) R SR, (B ZE I 5 () vEE A U o 75 B R Bk D20 . ACK K
545 ) B, 3 AR M T SR A R R T, AN, BARIZK TR Ny Swift BT ZER I T S B AR, FEMIT S
BB, DA 5 (M ARE B S I/ B AL R W3 0, B Al 1% B A T S SR 45 IR, JR R & ™ B
5, TE B BRIEAT AL AR I 10

Nimbus: Nimbus™* I\ — 57 F1 B K740 28 42 61, e MR I 28 r A0 15 S5 000 42 Frg 2 28 e s o S0 1 5 5. G
SN 23 N O A0 SRR, Nimbus K S i 0 N i S A R T . o SR — S B R R 2 2 N
B, S0 RIE T, 75 M PR A% T 2R, IFRZ AR BRI, [ AR B R oy RS, 4 i &
HAL AT R — AR, WIRR MRt SUR BN SRR, 5 W AR 3 . Nimbus 18 i 257 WX A 8 447 1
BRI RIRE R S TR R AR ICE 2 1 06 &, VR S S R0 0 AHE . i SR ) S R IR
I, Nimbus 28 1 Z2 3 il X D)4 22 DIGREU S 3 1 RO H - TCP 3%+ #: 5X (TCP-competitive mode); K2,
# Nimbus R0 18 SR & AR TR E R, & 2K ZE 3 A 48 42 DL AR A% 4 A B g A F4D S8 B s i A 5
(delay-control mode).

Nimbus & H 1458 PRI B AR D7) 49 1) T DAAR e b A28 e s 281 i ) 28 48 o) 8002 5 1 S TR PR S 2 i) i, 9
AT DLAR R 25 5 A S FF 3BT 30 85 Aoty 1) vty 1 2 2 ) SRy o . AR DURN B S0 8256 R B Nimbus 7] 75 $] 5 Cubic
— R ER, H SRR AR R, JER AT AR 50-70 ms. SR, BT 2480 K 2 Bk T A A 2R 1 I SRR
BRI R, MR RN T SRS Nimbus JEA7ES, Nimbus 233F N TCP 54, #E 1 T F X 2495 5
M, MU B S R E AR E R, s B m AL i
3.1.2  AHAEHED

5 281 i 2 1) ALK P T R AR 5 B L B 90 0 B s o B0, X SR RV R RS ML B (AL D9 8% v )1 S I BA B A
B, DAty & 9 4 2 A A ZE. HAEZR AN ] 3 FioR. G 2 AR 3o v B AT AR 228 e AL I 15 2R B 4 28 AR
AT,

R % 2L e
o~ ] P . L~
w | | | |
=~ — 3
| | | |
W Y
| | | |
eew [EEE i | |
‘ T ey P YHTHE | | ‘ \ | \
U | ) 2% 4 ! : I ‘ I
gl HHL) | | ; | ! I
| | | |

B3 A HL B RIS A R I S AE 2

DCQCN: DCQCNZ5 & 2 fif £ gt () K408 v 0 A5 i B il DCTCPY Y BL K A0 4 238 JIBL I (quantized
congestion notification, QCN)fi#2 i ) 7 %, ‘& 5 DCTCP $i%—#£ Rl ECN fE A% 5, H2%>) 7 QON 5
YRR ECR B L. a0 SR BA S T T B 1 ECN BI{E, DCQCN A2 # Al £K Zi 61 Sk &6 1 ECN AL BN 1. Bk
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WO B FRiE T ECN B S G 4R 7R M 28 K A2 1 126 . b I 132 Ao 58 4 € 393 A= R A1 2838 75 A9 (congestion
notification packet, CNP) i &1 vt Jakisk, B 328 FA A X s Aric ECN.

DCQCN #25 T RDMA s &, oodt TR E KA. AL DCTCP, 7] g — Db HEBALERT. {H T
DCQCN i i i R A Ty 2, SBUEAEM IR, 75 2 UK ACURE, I ZEE BRI NG . SE K. T 24 Y 2% A
FHZERT, DCQCN HRIM M (1) i AL ) Tovk: B I pod R EN 4 3 v AT 58, S S e 4y At &

ABC: ABC™?V&— i1t J6 28 04 45 1) S5 QA - i W 3. € R0 P T 2 3 e 8% 0 ) 2445 5, 9 A B B dim
RO B A Wz, A s AR YR USR] ACK ARG A Wk A7 PR, 24 Rk w3148 AR 1 i ACK I, 44
FEG N 1. AH I, OB TR ICIN, U 1. ABC % & 0) F A % 803 Ak v AT PAZUSE I SR vt B8 B bR i %, AR5 il i
PRGN B RG] R IE AR B bR A, Fot 5 HARE R () ORI AR

u() )

tr(t) = nu(t) — max (T x(@®)-d),0 2

A, w@) WM, x(@O NI, d, RTEFIAGIBME, 5 /0T 1 BIEE, 6 NIEE S 8235, ABC B h#
220G HARIEER 1 (1) B H BRI AR I BUE, T OB ZE T 1R,

ABC fETo 4k W 4% 1 AH bt BBR A B&AK 54.5% [ ZERT, AH EL LAk B Cubic 142 & 30%-40% & &, BT
ABC FEBS MM, FILFRE TR, RE ABC BETE ABC B8 (4% (1035 Bh N ol Sk URE B 7 9, (H 29 38k
JEFHEN, ABC 17 LEYC S 1 i) 5 )

Zhuge: 5 ABC AN[A], Zhuge B 32K 2615 5 MIC LRI N 05 % [ B9 Zhuge ™ B To 2k 4% ft Jm — A HL,
B TEZR BN R B 15 4%, R 2845 5 I B AEIR 5 2 1) R 3 S B[] R 428 N pt % 88 A 0 528 A 4 B R ) A T 28
SHAE B, FHRAG TR B0 12 st i L B8 A 4 WA o 2 A 75 2 4D ERF (1], S 45 326 iy e 0% B L3R 621 T 11 I 28R 20
DA % it i 52 470 9, T A 2850 B AT R SEE I . Zhuge 388 3k 408 P 9000 R Bk A0 J52 skt B S Al She 03000 3005 4, 1) I 4% S 1 AT
SRS B R % .

Zhuge ¥ FHE 1 P9 28 LE I 3 %, T HE BAJE IR A0 i S P 19 3508 20 SR AT WU B AN B0t HEBASE IS 33— 25 400 K 3
HE BN ZE B A0 55 A HE A AE B A HHEBA AL B 2 0 7 RE6] I A L T BA S B B A TR AR B, 1R BT G2 M 4% 1 3=
KRR I T TERAFIE BRI 3 S R V5 58 B 3. S IHERDIE I 20 T R M A B RS AR A ) 17 .

Zhuge {EFAIA RBHLEIET RGHE S, ToH B SRS 3 ATG L N s % e 2%, — PRSI A A S I 15t
MU ZALHIR W I ACK BIRBHE 5, K uh TR AT 7 22 10 W 415 8 B R 28 0 AT 3 I ACK (5 2477155
T BB T R AL, BRSO AR R A T SR 2845 B 3 B IR 4R R i

Zhuge AT FRAK R 50 ZE I FIER T B P REZ) 17%—95%. BUA FIFH 245 1 A AT AR Zhuge $5TC, 0 R & 3% b it
) 28 A 155 FTDR A (AT IBR R, BT %o 19 4% F i [ A
313 /N 4

F 3 MIHELRMHLA] . SEZRIERMLHIR L T L IRIEARERI A, 3 4 ML T ot 31 v il 2SS LA B
PIRP VR I A B

* 3 BRI AT FA

E T FELR DL AR E ML
TIMELY PNFE AL RTTpin A1 RTTax 2 18], ARABR TS B 4 48 R AIMD
BBR 2 R VBDP, M4 AT A2 545 T BDP R #d % MIMD
Copa I ZE 1T BEAE RT T i A1 RT Tiax 2 81, FIF A B ZER 15 H bR = AIAD
Swift JHZE P TE RT T A1 RT Timax 18], FIH BAFIAE RS 15 H brif 2 AIMD
Nimbus 2§ ZE 25 B NS A70 HE, S B A Q4 2E KU TE RT Ty A RT T Z 17 AIMD+AIAD
DCQCN HRAE BA B /N3 =R, A ORISR H AR A AIMD
ABC PR B AR 4E 55 B R TSR E bR AR AIAD
Zhuge JEIE LR PN ST R . AR (E B, Al B e iR E P4 T 9 2 s ) vk e s
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7 A MR 4 77 ik trik e

F 4 SRBsERAHA L BT b
i NEHE Tesm Py
sl MELYS BBR. Copas g e s p e REIFANME A5 3R Al TR T S 1

Swift. Nimbus
NI R, W T R R EAB N
B, #BE IR

ZTHHLE  DCQCN. ABC. Zhuge N W 25 h il 9643 K

32 HIEMNER
T B N B BV Y S e ) P A e Ll B % () Th RESRORE T 0 24 Wi ) X R R B iU 5 S, A2 4
K] 4 BT, DM S 3 i bRosk £t E 30 28 S 7, e e v i AR B A5 R B AT R 0 i . R 2R AT 2.

ik A AHL TR

””””” [ r T T TTh CT T~
o — | R |
S L | | | |
N & <1 SF = A I
e | \ e |
|

|| | | |
e R | i
| p | 1 1
| | | |

Bl 4 BRI HE L
3.2.1 WAYTE

NN T TECT', HPCC?. PowerTCP™ LA K PBE-CC™ix 4 F B 3 & a0 s A )5 %=, Bk T,

TFC: TFCT' R — R iy LA B2 0 B 0 5 8 B0 VR (0 B0k, e 3 e o 9 e YR 44 2 O 48 5 40, 77 DA SR /&0
BERGFI 2 PR Si L K B TR HERN. 76 TEC, M7 58 PR, RIAHE 58 IR 1] AR RA, LA RRER A . f
A BH, TRC 58 LT IR ). IR R X 8] H TRC 25t 28 bl IR —AN 3 1B B o rpodk 5 — 20, 3% 10
RTT 1E Rl it B, 6 5 5 95 b A 3 HLHE 1115 58 RO AT B 2. B2 1 R, TFC F54 28 5 1 /N RO B, et A 4 2
RS — AN AT ARG, ZERANIT B, SIS s AR B B RO RO AR 49 B RO
R R 5 5 5, A AT AT A 2 A P 28 T 1 R/ TR /N IR S 36 PR K KA AR L o, TRC IE 3 T ik i
PURISI. B2ix 0 EAF B B E k. 417 DCTCP £ i 1) 58 B[R] & TFC it 30 5. BT TFC H 38 #epl it
TS AR LA SRS D5, TR TRC % BB ST #HML, AFIF SR E.

HPCC: 5 TFC A [&, HPCCR A mi Mk 32 #1532 35 (19 INT #5 R (inband network telemetry) B 420 & %% BDP,
FEIE L TP L0 AT BRI I TERS K T BDP [ 5 LSCIL i A AV AR, o H AT R e R P AR )
BB 52 HMLBA S R EE B H 2 L 78 HPCC, B B4 s L 2 7E LRI INT {5 &, K
FERT B s « BAFUKSE glen « RIETFT txBytes FVEE S #5 56 B . HWSm 2 W Bs 61 Sk 301 INT 15 B2 13 ACK
W, FR IR ik . R0 AR INT 15 R R &

R E] ACK, HPCC [ & 2% i 3t 1T AARAE INT (5 B E MR A F U, . 8 T SRR A HEA IR,
HPCC 5IN—AZH p (BRINET 0.95) FI T BRI i R F 26 AIC T 1, G R w5 i ik e /D i o LAIK B HERA.
MR X L, HPCC T 1% i A 28 7 1 A :UM:

+ Wy (3)
He, Wy, A/MAHE L HPCC Ref% il BIPs S DL K =i 7k &, Sein 25 3 & I HPCC A3 L DCTCP Fil TIMELY f&
T 95% IR 5E B TR]. AH, AR FTE S HALAR SCRF INT Thie, BRI R 3% 5006 52 21 T BR ).

PowerTCP: PowerTCPI LKt 2% 8 1 15 HL % v (1 A HEAT 2 EE, K A IO B0 30 00 i 286 36T el G 1 90 26 42

LT HIR A ZE 450, BT S A 245 il B30 BDP A 96 HOZE 0 IR 2S B b B R7 17 368 T R 378 AR 2 4 ) 40k
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L RASAT A, a0 RTT BB, = 5.

PowerTCP A 4 28 42 il By R [5] I 5« = A L 7> AH 9%, (Al PowerTCP & H 3 i X4 Th R Ras 2%
LS R SRR, o BT AR A R ANEE RS Y RAT SR £ Inflight (FRJE) IO3RFL. W T4 SRR 4,
PowerTCP 2T 45 BB M ZE S 0 Uaint 2t FE DK D w, @) « MK RE B . 1-0() B 2R ZE05H )
RN wit—00) « MRBHEBMEFITIER £ . 7B L e RoRFIEIAEBIE T P4 21, PowerTCP H e Sy 5 4E
IBFA VAT T8, v R E B4, EH DRk N

wi() - wi 1= 6()- j% +/3)+<1 —y)wit—6(1) @)

PowerTCP FI A INT $i AR KRB B S 2] L i e 1 e, TS BRI E L wio). #—35, NI KEH
PEL SR INT BRI, 1E #0352 T 0-PowerTCP, LLERE TE W A £ G A2 AL Bl H O . 9-PowerTCP H 75 2
& RTT Ha] LA 238 (4) AL 5 2 i 1.

FHEC TSR T AHE INT £ % HPCC, PowerTCP ZEfL4Y T & H AR K R, 18 2% B T RGB G, 4115 A
B T BRI S, S2a 45 R IAAR L DCTCP #1 TIMELY, ‘B U8/ T 450 80% R #RAERT; A1 Lk HPCC, T /b
33%. AHL, 0-PowerTCP [&(K T PowerTCP [HI#0E 18, [ H G B AEE T Z 5.

PBE-CC: 5#ii& )5 AR, PBE-CC™ T £k i 5 0 o (1) 471 ZE4% 1. "2 10 28 P o (A2 o) 38 o e o e 3 9
F 3 A T SR IO 5 P S ISR A R 4 2 . T A B A RS R A P B, 9T IR Ii4A PBE-CC K% . 40
ST 04 8 XN, A 308 iy 22 0K 645 B EAT RS vEE TR T IS0 47 2 W 4 ), PBE-CC SR FH 251bl BBR [3E4%
PRIML 1T 3. PBE-CC 1IE 32 B4 4 8 sl BERI A% i Bt

o JH BN B EBEE T R, RIEIE R AE JLAS RTT MRS KB B AR 2. PBE-CC il JR4nig & py 3k b
MR AT 58 Pey , LAJIEE AR E N, TH A H AR 2P 40 Bl 98 :

Pexp = Pcell/N (5)

S5G T LR BE RS Y BB AL IR R, AT TR AP AL HAREFE C = Ry X Py -

o FasE M Br: PBE-CC MRS FT7E 9 X 4 330 47 0 28 38 G 24 B ) 24l B AR S A8 i/ T BU{E D, , U PBE-CC
IR AR T LR 46 i, PBE-CC 43 1 35 B 8 Py 45 RHS S8 RILEHR SR 8 L, IR & 0% 38 2R DU {48 4% PBE-CC
TSR = 2R N 9 R 2, PBE-CC AR EAL T 2 45 Hh. BT, ‘&2 R A5 BBR 2L HLHEAT 3 2 1
F1. PBE-CC &R IETH A B A 0.5BtlbWpgy » X B Btlbwy,, & W23 K] 3 98, Sl R 8 —A RTT LLHESIR
FALBAF. Z J& PBE-CC ¥4 ik N S5 ko] Al S8 BRI B, 24 PBE-CC 4L LA C, A3 3 R IE KR 0, BRI By
2RI 48 R [ RCHE ELHE BT, B LR B Rl A S ZE BN T Dy, WU PBE-CC JI WS 72 £ LR N 48, 3F FHi - Uh
T HE TC 28 P9 48 JHEL300 T B0 U 1.

PBE-CC 38 /B i 18 9 56 3 S 505 97 40T O 0 SR VA 1 45 AR DG T P9 30830 2, T 388 4 7 T 482 e g 9 28
B HA LB HEAR. A, 24 3025 IR e B8 B, PBE-CC i % 4 4 2 0 300 1 B8 it SR B A7 i) A~k sz 45 SR 3R B
PBE-CC Lt BBR #2151 6.3% [P &, /D T 44.5% 11 95 /- rEER . SR1T0, 2478 B3Ryttt PBE-CC
BT BRIP4 L 58 R, ST 008 A 22 10 P A P R S e 5 I 28 3 6 A 5 1 40 L.

322 /N 4
F 5 MHHEN BAPRE T PA T L T RSk

x5 BEENENXTT R

e P ZEM 5 20 2L )T 2
TEC W AN B E I B R B 2t B B AR I ZE & O
HPCC FIFHINTH AN 24 % BDP 5 8] }Y 2% 97 R Inflight W& /i T BDP

PowerTCP FIIFHINTH AN 24E B BDP LA & W 44 4& i s % 2 1) W0 2% 9 B Inflight %5 T BDP H & 1% 38 5 55 1 W0 4447 9
T I R S D P M T SRR I e A R B R Y LA T A A 5 T 5 W B A TP 225 [ 2 5

PBE-CC P, EIOR M s
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33 MAIAER

TILA A 20 0 S 4 ) KEARE A 5 17 P % 3 st I 7 B R AT Bt — B TR RN 23T, DS R 008 5 2 )R T g
TiC LS00 B . R B T LA 43R P 9, SCRE R 1E B (it 22 HERLE AT AL 2 A7 5 5 3A 4 U A 43
AR BE 2 28, 3t — 20, 234 QIR B SCRT 43 380 it R 0k 281 8k ) 42 .
3.3.10 HEhREE

£ o 377 22 2 T A A rh R B B0 I 48 s T 20 RN 4 T, U AR R B SR I 4 O AT B L R %, LA
FEZRAN PR 5 FTIR, 1275 10 B S8 2 1 R S n o Sl e b AT 4 R R B

s | am |
| A% | | s |
ClBE | | msR |
Vo o#a | D s |
| R | | e |

5 i UHELE

e FastPass: FastPass"" R F 4 b 2 FE 1) 75 12k 12 ] I 48 47 28, 33 o 458 40007 FE R B3 S B 7 B
BAF. B A SR s i) 28 2 — AP k2, A T S A IR R B 2R 28 ENLAE W SE 1) FastPass 42 H) (FastPass
control protocol, FCP) 53k 24l (5. M #2345 FCP R552%. WAl A A Fe 2SR AR 2% . A St b, 2o
EVLE Je FCP MR & #3324t B ARtk At & K /ME B, 285, FCP RSS2 K A0 A5 BAL 1B 4 B (7] Fr 4 Bl 28 i o
Fic ) 18] Fr . PR B 420 008 6 48 U 8 IR I A BT BR 45, I J5 FCP IR 45 4 K B 8] 1 AR 420 [ 2 280ty E ML, HL AR b,
FastPass 1345 1) 3 B4R AE N

o [N [H] 7 43 FC: i TR ) B bR 20 TR AN ) fy e 4% — ANE- B ARXS. 97 4 R R e, I Ta) A ()
KN BT B8 Al e KA 51 B G (maximum transmission unit, MTU) 115 1. P R4 <— AN 18] A& —
MTU R/ 60 9V 43 T B 30 BER. A8 fe ml DAa s B e - B X 1 20 T G S S B [ 1 23 TiC S s
i, w DA I g 10 53 T g /0 A S SR B R R B /N A S Tl s MTU's s/ A0 58 S B A /N 56 T 8] (flow
completion time, FCT).

o BRATILR: BRI PR AR N EUE B BUAL M AT, (EA9AE — /NI T BN R BT — M B2 A B A . X
¥ FastPass # T DA R I 28 1 35 A AL HEBA.

FastPass AN EXS T I 2% 1) 75 KA 4T 1K) 1, 36 7 BN s AT W, BRI R, AR T3 7
B R BIMZ . 546, 4R R B 2% 2 o A MO Y 1) R
3.3.2 oA 2 B g i

G347 2 T7 SR AT FE 8 1) (VA 55 20 IO 45 X 2% v 1) 81T s B 58 B 78 A 2 38 st (10 4P ZE 2 1) v, A3k i L
FERAAE R BB, BRI T AN 43 C P9 2 BRI, T A TR LN 2 5, HAHEZE K 6 BroR, T RINKREEL
Bk 3 v AN WA S 5 S WME T R R A A L.

R s | BOR
| gk | | e
| @antig) | R
3 N | R |
[ s | - . IR
| R, ik || - ‘ |
| _#maxE | S— |

,,,,,,,,,,,,,,,,

K6 oA 2o 215 1 52 AR RE 2R
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pHost: pHost! & 3 T 23t AL TRL P B A%, AR Kb I A B L& 24, 74 31 7 R & B A& 4. pHost (1932
FEPAT ST T . R R IE TR, pHost & 1% 1 6 K% —4 RTS (request-to-send) ‘B F X} 37 182 i, %
RTS A H A B — B3t 3 J2 it K/ NEE DS e U R P Ik 25 S R4 T IR B W3 ok T U B BT I RTS A, 2k
i 7 A A R IR R, AR AT R 5 SR (b e R R AR T R ) B 4% — 2RI RTS AR J5 IR ] — AN & R 2%
) K ik . BN RVEL AT DAk R ik s Kt — AN EE L. Rk iR A U, RN EUE G R E I BR R IE — AN
L 5 R 3k s WA B 22 AN HE e R BT )4 REVED,, T A 22 A4 i tH — A ) R 25 . BT pHost f3m E L]
AR P AN [ B 18 B S s, TR 8 R A4 A R ) 1 R E A T idE AT T

277 G M B R P2k i R 5 R UAC oty R e AT 58 38 RO UTIE. 4 SR BRSO ik A VL AR ik v, L R I%
Ui VA 18 BRSO A 1K H A A, T2 T B ML ELTR B, 18 R 4 R B 3 TR R

B X120/, pHost KA 17 2 MWL (1) 252 T 1 B — AN IS B[R], 0 SN TR 2SR, 124 AR R A, g
SRR FH BRI a0 SRR — s AE, UK A AT IR IR AR S B . (2) RIE AR I B E — S B A
T RETE A B A R B B8 A B B A0, B 1k T S, X T i AR I PR R AR E

SEIG S5 R B pHost £ AR I35 58 A 8] _FIA 3 | FastPass [1) 26.3%. {H%, BT pHost [1941% i A2 1L
v [F) B 25 5 8 B, BN SR IR 2, LR 3k o AR S o M DA B R S IR AT S AR VR
333 A Bk R Bk

I 1)k 1 AT 2 42 S L ) 5 RS S AL T D 8% ) A5 B A A A B, ik o RS0y 3 ) 5 ) B R ) 9 TR A
WARE, FAEZL AN 7 Bz, J i i DG B f o ) F 22 e LR L 15 B SR AT S04 B 5000 0, R 8 %

R WRMOER | B WRMOER ) BOR |
¥ S 9
‘ | ! | [ !
‘ \ ‘ \ \ !
| | | | | 1
s EES | SEHE IR S | EES W ow ‘
| odEekER . T [SSARED e ] HEAER |
| B | | B i | BEAE |
T | L ___ | I

7 A B R B AOHESE

ExpressPass: ExpressPass!™ /& 3 Tk 21 b (1 31 28 s 1. 332 35 115 A MO I B 4% 41 (credit-based flow control,
CBFC) T fa &, e Fo o Fe 3o 21 oy 7 P28 Bt A 38, 3841915 B (credit packet) 4E5RF—ANBAF, FEXF &L 1)
15 FIRLEEAT TR R BR ), 01 A5 P A0 0ol 3 i v v AL, 00 25 3 0o 15 v AL 115 AL, AT 31 7 R Bl BR 1 A 3k i
R AL 1) B Y. HEe 2 2 DA TR I A F A, X Pt it 77 20 RT DUR PRIRIGH 58, (F 2 B 27 2 3 RE % 17
SN AALEBERR A1 F A8 LR AN A 53 BT 7 6 1) ] A

NT IR Z BRI A TR RS R %A 2, BB L 2 A48 F1 22 (¥ 45048 Hh 0o 3155, ExpressPass 7E58
A URHE P AL AT 3 e BRI, B vT {3 R RS L], DLERIIR & R AR (8 A 2%, 48 sk sh s i 5 SR e

1E 10 Gb/s %%, ExpressPass A bt DCTCP WSt 80 £%, FHid/b T It 5 il 8], /R ExpresssPass i — &%
B AT DAY B 6 0] FH SR AN AN Ty L =2 14 e R, {2 58 A AR a6 [ AT A7 AE ROR B M.

NDP: #itt ExpressPass, NDP H g 4L 1 8L R DO, #4284 vh, NDP A DUR b X 4381 7 A R0 5 24,
TG AN O R BLAL AT SR I P RE 1 2K b, NDP A AL 75 2SR IO D e, HAEGARER I —ME, T 12 KB I, Xt
SR B 6503 A S IR JE — AN BT B B AR, (AR A R R E Sk, DB e e k. R, BTk
BUEF AR LSk N L6 BA, e 1) Bt A NGRS 20 BA A1, DL e /S ARl B omh 7 6 3k ) 8 .

NDP s o S H 2 8504 6 153 i 8 &R R Ak I EuE &L 2503 — AN 1R 1 30E A, NDP #E0n
AR — MR (pull packet), TRAFTEHERL BAZ 1, HARYE 5 S 0K 102 [ 1 L4540 B 1 % 126 s, NDP 3% vy 15
W B —ANHERL A R 1% — A E A A, (A1t NDP 2 — i e bo SR s >k i 2t 5 i o, an R yie 3] 7 R34Sk 1 4
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P40, NDP el iz B3R [Bl — A NACK &, Kb @& 7V a 8 55, DA ks b s Ea Rk T
ik IEAE XN

NDP #H Lt DCTCP RJ A4 3t 56 i 18] FEAIK 66.7%—75%, 4T DCQCN. {H i1 T+ 75 ZE A bl 3R 5 il (¥ 4,
NDP 5 Z X S AT — 7€ BB B, P AR E AR 8 G A 4 2 s | B0 2

Homa: Homa!* & 416} ¥ R AR R 5 1. 8 AN A T30 00 i 5 78 T R 32 i 7 K 326 ¥ JEL I 7 48 52 1 B KD,
FIF I 2R/, Homa AT SEEIFR 4 52715 S /b 103 SR S A% fan i1 g, DLV S A8 . Homa [RIRE SR F B leoit i3
ITHERARTNL, BIE I RKIE LA (grant packet) 34 il 1 2 1) 7 2RIk BIRAR 1974 BAEH LR,

Homa ¥4 5455 1078 BRI 43 2 A5 AR EEHE 70 RO BE 3043 T8 AL 10— 3B 2l 25 9 8 5 3 4,
B R IE, BRSO, FEOm R U 3 — AR LS #8 DA WS B % 1 3 0 [ — N BLAL, iZ BRG] H 1
B A g T R A A, AR Se k. T R AR S JARE T B/ E . H BT RS ML R SRR IR e 4%
FAF% H, Homa R T SIS0 HEME. T8 FE #0410 45048 6, Homa TR5G 43 BC B & IR 56 2. X T 1 B
53 R ECHE B, Homa $2050m AR H Wi 21 1) K ik o 5 8, TRV 8K/, S B B A 7 — Mok 4. Fl
R I B BB R T T R R L e

Homa FJ7E 10 Gb/s M% 1 L/NF 15 pus FIIERT R IE R B, BT Homa i€ M4 A KT O R, JHE
T FE AT LA RE P T R AT A, BRI R AR R AR, FEAD BB LR, AR R AE T Z A, Homa I & T

Acolus: Aeolus® "W & T pHost. Homa Al NDP X &4l 545 il ML 2 b, LASE SR IX LML (4% H g

Aecolus 73 % % pHost. Homa 1 NDP ¥J/£7EH RTT % 5 ALK A/, X /& 1 TIX 5 75 RI7EH RTT DL
RIEHHE AL, iR R LR E 2, ARAS 5 1E A e 5% AE 4 3B S T S 3 A R A, T s v ) AR P e
R, 0 SRS DAZR S a2k, T 52 10 400 PR 58 FSC T 1], & iAok R 7R 22 1 A RTT S8R K IE £ > RTT A RE 58 k.
B XTI — 7]/, Aeolus £ H—Fh CRA L R it 2 T 8 J77 52 (1) 14 e

Ak, Aeolus ¥ 2040 3 9 AR 8 B RO BE £ PR PR 4) . Aeolus W T R4 1 B B Hm AN 25 O T ik A 1 P 20080
RATRERIE. WIFFAAE, A 8 R DL Rl 2 0k, DUER P LAEEE A RTT N 58k {HA2, WIZR Acolus 334
PR I GEAERA B I BRI AR, A 5 25 2 A VR B s . D DRIE A 18 B 3 R RS B i D EE A%, Aeolus X BFE IR
R R B B AR, SRS AR T B R Bk KA.

Acolus fEREFSLG H AT fff ExpressPass /20 56% HI-F 33 56 BB [8]. Aeolus A & 2 abJ& Xt T s fE — 4>
RTT M58 BB, 24 e BRI R FE 2, X PR dnt Y FCT AR mT g 32 20 H At (1 52 e T 52 2R COR 1 3.

334 N 4
# 6 MTRZ 77 AN FERE TR AN 7 T I e 77 AT T 4.
Fo6 MLWMEXTEUR

25 Tz 7750 WE T
FastPass AR PR T T o e e/ R
pHost FEORTERRMERI BUR H— N4 R, SR SRR R RS RS B DA [R]  BE Bvk
ExpressPass S0 K365 AL TR, 224l A £ AR P 53 2R e Sl 145 A 4 ZAHHLAF- 8 BEAE A

NDP o AR g BOmE R RR R AL, —MERL LS SR BRI R o AT St S A

TR T LRI 17 22 A R g A IR A L, A AL T A R & i 4508 — A~ SR I A Se 2 A F BE AT Bh A e 2
B Feif e

Aeolus HhHL T iR ) S i 5 H TSR L

Homa

34 ETHHRFIRX

HI T 2% R G o S, A SRS AR 1 10 28 AR RUARL PR . A0, 9 17 3 L AS (] ) ) 28 3R 855, 85 AN T 2 IE AR Y
A BT RIZ — ) B, e LA A 2] SRR 28 4% ) 7 ks I S RS — AN PR, R A 2 SRR 2 ) 24 i o) 2 3R
855, 159 RO AT, AT I S8 G 0] 190 286 B R 2 TR A . B % R 1 MY 1 AR
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3.4.1 TEZ23]

TELR 5 2] 7 AT BEAC RS IR N TSR VIR B, 1 2 AR ) St P45 5 A W 5 3 A 284 2 B50R o 28 I 8% )AL
B, HS R E M ATE WIS, HAELR AN E 8 Fun. MRS T T 2 S R R A R IR N IR,
BFF]. CPU FF4H%E. 3% 2t T7ELRIE AU I 50T BB ik sk CPU JF 45 KA SIS 55 il j. Bk A48 40T

! I

I <% i

| e | Balicoh
| s

| g LW | S
I Bide (|| )

| v LN S
! EBY) ||

LRSI |

|

! I

8 TR I HIHELE

PCC Vivace/Proteus: I P £E35 4 [ITE £k 25 5] J5 % PCC Vivace! A1 PCC Proteus! #fi3% T- H Ak PCC HEZE )
HEAT AL, PCC 38T A FE A 5 20T R Bk 16 B 0 48 4 B, LA R 400 2 R 47 e $icE A 28 P4 1171 PCC SR
T TE L 2% SIS, B OR U SRR 2R AN I T M BB 2R P AR (R S P AR, AT A8 X 4 P A [l S P 5 vl Vs . Ty
RAELF TS 2 MR

(1) PRETF B Wit 8] 2k K1) 43 Ay 7 88 (1) W5 72 [X 18] (monitor interval, MI). iR 241l 1 K IEH KA r, LUELEN 4
A Mls N—H%F r BEATEEALRIE IR, KB LLH P MIs 430 N — %, B[ r+e M r—e 4T R AL 75 4
A MIs G52 J5 2 r BT R A, SRFATIH 4 > MIs & H IR0 SACK (5 5, LTS3 4 N E
w(r+e)~ w(r—e~ wr+e) wir—e) . Bluw@+e) > Quir—e) Hu(r+e) > (Quir—&), MEH r+e(r-¢)
FEN 4RI S R, I BB AR LR 2= ST 75 ) dir BoN+H1(-1); RN KIRZE DK, 20047 R 9256 0 B 2
SR v 8

(2) TR YRR B AR A0 2 BT 2 7 WA din(+1) , WA MI # 4S5 3 0 Bl P (s 28, Hfaid g SACK 15
ST R 28 I RS, BB E I TR, MR A E—AS MI I ARIE TR 2, TG N SR B

PCC Vivace fl PCC Proteus k7&K T PCC [H4&HIHEZL FI oM X TR 46 2% 21 U7 3, SRIMIE R B R M fe. &
PCC A [A M2, PCC Vivace % JER 223K 5157, 7E R BRIl PCC R 11 35 & B 15 % 46 9 SE I #56 BE. PCC
Proteus JU i — 5K XA BR B0, 5INZER 22, FEI0AL T PCC Vivace ££7E BB A S HL A7 1) 1) 7.

SRR UL, PCC RANM IR ZESE B 7 R 7 — Mo B I AE L 2% SIRESE. AHEL Cubic, FEFFIEE . Z4F S
PCC n[3A %] 10 f5UF I AE. PCC Vivace H%t§ BBR 1 Cubic 73 Hll FEAK T 50.7% 1 95.5% [¥IZERT. 4Xifi, PCC [f]
5 2% 2 ST LA T e 5 W S8 B e S5 il JE 1) 3 H. PCC s LA A% S B, Ak, PCC AR AT BB B AL 35 T 1 P St 1
1YL (user datagram protocol, UDP) [ /= 5[], fEEECK T CPU FH4; dh b, 76 )5 2Ll 4, PCC Mtk RERIHHA
SRR AR,

ADPG: Chen %5 A "1 FEo G A 27 > I3 FF 1) 55080 rpr o 9 265 r sk 22 (1 s ). At Al T H K 58 f 27 ST 7 P 381 R 4 v
B LA 1 1) R 5 B2 18 (1) HZEAR TS e 2 28 B, WA 56 B 1 B — A B e 4 i, WH AT 5
W R Z A (2) H TR BeE R AESRAR AT S HRAS, 1% HoAh I BPIRES AR 0, B LOZAT 55 = IRES 4
AL P Sk ) 4% R ZE A T SR T 22 4 R A FLARAS TR 40 FT UL AT 5%, SCEEER H T ABAT I 1 7 SR WS Tof J&
(analytic seterministic policy gradient, ADPG), TEfffi % S 1 & S il b, 45 H [mT 4R B ) — AN T AR i AT =X %
SRR R SR (B ZEOR AL 1) 55 s 5 P T A B 2 SR 1) SR S [l — g ), o) 3 2% il 2 L 6 S 20 R RTT, AR X
U5 TR T SN, 19 BRI AR 0, RRINERZ AR T, HH R BT — MR R o, W2 a €[0.8,1.2].

YEZATAE 3 PRI T AT NN 20—, 202 K2 ZMERH 5 KR # s 5. ADPG FES HALF 2
APHERBASILERT FikFIEL % HPCC. DCQCN Fi Swift. 7E 8L 2 % —3% 5+, ADPG FI FH %47 F HPCC,
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7 A MR 4 77 ik trik P00

5 DCQCN H:fg#zi.

SCHiR [76): Ketabi 25 A T[RRI I BE 5 AL 2 31, (EARATT A B AR 19 3h 26 I 2845 1l i S BOR AL 30 28 P 1
BOETEHE O P28 R R, 12 A B 32 BEPRARAE T B85 rh o0 R 28 o I SR A, TERRD 0. At IR EIR
BEEEB. EEANTE S E A X AR SR Z 50N, CUE LSS5 > Sk 0] DR % 1R 9 SR RIR A, IF
TR SR IS5 AR AT 1SR A i SRS 4L (proximal policy optimization, PPO) 5132, 1% 5Tk M ¥E 30 8 4E 1ML
SRR RS B, 0 RTT. HE 4%, Skl A0S R SE 251 240

YEZ AT 1% 5= 5 ) BBR L, ZEMRIIE], BE7E 60% INFE] Y IERA Al TH ) RTT, 39820 7 BBR 2.7 518t
(8] 1 40% [FIUE{E RTT.

342 BLEES]

Bk ) N T 5 T BTGRP 4 R BT AP I SRR A DI ZRUg (B mf DU R TR e 40 IR S AT R IS T %
fi e B A 7R D181 7 R A [ A 2 A g A R 07274y A 7 PR R S R T v o Ak A R R R A TR A B
WIZRANEE B AR, B4R 5 > 1) U7 28 B LUAE 28 U7 SR LA 1) P S AL B 38 S 4 A ASe DR IRy WA SIOeT T (LR, B 5 ST Y
(1 B A 537 SBAE 0%, LRI SR G VIZRRT, TG PR R 138 10 R, JLAE BRI 9 BiTuR, 7 ik R AE T &t
ESIREAY ) S BETE B4R R T R SR A TR A NI AR B R a1 e

R

|

|

im%%ﬁﬁﬂ SR
! B (fn
|
|

|

o e m
4 )
o || s

9 BT IIIHER

Indigo: Indigo" * 38 Ik A5 17527 >) 78 ST 19X 26 R A5 140 28 42 1) 3 1 A MU, B0 ROIRAS 547 N RO ML 77 6k 76 K 0
#Hi84Z (long short-term memory, LSTM) 3 VA1 £8 [ 45 . Indigo AU RSN R E, HAZ O Mtk (1) W
MIZRZS (2) TRAEAZE R 11, D3l 2 1) AT e 40E.

Indigo FHBEINEE IS4 @I ZR35 5, I B 2 S ik DAgger #4722 20, S TR NI ZREERS, DAgger HIVI 2R
FEWIT: 126, WA R TE I ZREE M AR B0 — R Bk, i BN SRR RS M 2. 365, B
FIAH CA BdE LT P Aric b SR ALIRAS M S B IE B R, B )5, B8 A X S R A IR S-SR B R oI 5
R B a Mg, BRI, B D RIS 2 U 2 P 4.

Indigo FJ FH A0V BE 45 22 U1 2537 5, FOUZRE0R SRR MBI, I ZRFEm K. 72 R A 37 S oIl 259 A
PRI, B EAF LT (A5 a1 R SR ZE T G 717 55 3 9 30 (13 eI, Indigo A7 78 = s s DA 1y e R, DGV BAS i e it )
E

Orca: Indigo X J5 5 58 RARYE W 48 PR Il SR I SRa 28 F th) VR AR, 58 4 oKk 528 AR L 6 T 48 R 1 1)
Ji e SIS B T Orca MK AL 553 & 3t 1) Cubic ARIE 3046 2% 3] (deep reinforcement learning, DRL)
B 25 Gkl k. Orca A 245 1 3 B2l Cubic @47, AR Cubic HRI i 57 4 £ ; DRL #8045 F T € 3 1
Cubic #5 )G FIMZEE O, DMRIE Orca BA LI B IGEM . [N, P 456615 Orca YIZRIS A/ EE D | WSt FE P
H. CPU JF4HEAK.

Orca 1% T 55T Cubic FI4HRLFE AL AN EE T DRL AR R A2 A XUZ #51i. Hodr, DRL BRI s i)
B¢ (monitoring time period, MTP) A 5% iill i H HH ZE 57 1, S RAL Sl a2, 1Z % 1B AE N T — A MTP WJKJZE Cubic
1) 8 T

Orca {EES Y (E H AT iA 2 L Cubic 4F 5-20 £5 5 &M &, [k BBR BARAILER. T Orca [ DRL #E1°%
FB 225 ) A, Orca M1 RESZHI T LR 1 237 5.
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343 HEAELIRETS

ANEF I SCEE B BT LA 5% ) AR I 5 B, BARAELRIR &5 2, B TN 3 — AN S 4R 2y, Fdd
TELR IR % 00 25 T FE Wz As 2, ORI A sl 45 50, HAEZR A 10 FoR, J7 i Q8 TE T 30T & B AR Y, REARE 2%
AW R AL

| Bl
|
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