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x 1 4 MEIEPOMEERTERERIER.

Table 1 Composition of four common workloads in datacenters.

DataMining CacheFollower WebServer WebSearch
0-10 kB 78% 50% 63% 49%
10-100 kB 5% 3% 18% 3%
100 kB-1 MB 8% 18% 19% 18%
>1 MB 9% 29% - 20%
Average flow size 7.41 MB 701 kB 64 kB 1.6 MB

SR T FD INT A5 B )77 AL I TR], P IS [R] 228008, INT A5 SRR e B ey, S BB FE RIS, DAl
RAETTHeptmrr i B INT 3 BN K R, ARSCFRE T —M44 8 ACC (agile congestion control) [
R AE I ZE 3 ) SR, SRt L UERA Y . Bt AN (5 BT A R A 1.

SRR UL, AR S EE Tk an

o FEH T —Fh A ACC MINZESERIFIL. ACC e IE R AFIALHIMES 1 A RTT PRI AN
W2 AR E, [ I 8% 0T 09 2% 7% PR i 6 2R AT TS A AN B4 7, BTS00 v 0o 19X 248 v e R v 11
bkl

o FRth T RUREEICTE: BB —, AR T — B R AR HAM BN FR INT 5 8455
MU, BRATTRR 2 s B ML I S ML (3.3 /NTT). LRI & ZALEER (3.3.1 /M) A BRAS Bl
INT HK (3.3.2 /N1, REBETETRALHIMIEE 1 A RTT IR PO MR E, X TR KR E
BHHERIHOR. 5 AR T Cloak ML (3.4 /NI, BEMESTIR 7& M FAEHEAT TS i, 5 B 283t
BRE S R 5, AT IRTHCR & .

o ST DAL AR 0 DR % AR ARCRRBEAT 1 DR S, LA B BV i SR B0 IE A H L 3 Se At
BLEIFD Cloak ML A R XF ACC FFIEHEVERE VTS LA R KA Clos a4 L& v e 38 k.
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S 1 ARSI RN ZE 2 ) SRR IR 7 190 G SRk b ) 0 2E A A3 B 2 AR B, A AT e 51 R I
%% Incast, 1& R HCEO™ B A ZE. WG — D I0E, XA MLk 3 n] ot i & A, X
WX 28 SRk v] BE 2 il & PFC (pause frame cap) s, Joe e EA 5 R A E AL & PRC 25 i
T8 R A A 1, RO 35 00 o DR 8% 1) A i 2 .

T 1ERT 4 AR A0 W2 DL AR SR R A O, AT LA 0 28 o R R A
WA —E BRI, KSR M ERIR A RIS E IR, ERAERINEE 1A RTT WX
T AT R B 85 ORI BRI SR IR BRI, AT TSR TH A b0 I 4 A 1 AR T

BAVEE 1 FoRIEME A 0 3 iP5t HPCC M REHEIT VTS, 2N 4 YL 12 &3
Hl. Switch3 F1 Switch4 22 ) IR ER T 55 J& 100 Gbps, HAMAERK (17 95 /& 40 Gbps, 1TE PIFHAR Y S 2
[ AZEIR A2 1 ps. 9T WS HPCC X R M B, EZ b hIRAT S R R IE 7 BENLIE FE— A
WO R Bl A P U BB I WebServer TAE A EHEAT 8 4LSE6 (A IRIE Y 0.2~0.9),
B R 2835 T A B HE AU V0L, B Switehl A1 Switch2 ~F34 R H 11 3 11 BA B 2 .

SEIGLE RN 2 Fon, o CUE HBEE T 5 L B, HPCC 3 BB I RE 1 KR IRES. 2 #k
R /NT 0.4 B, Switchl A1 Switch2 “FYJ I A B BERE 0% KEL4ERFTE 90 kB LA HI/KF. 1H 253k



REEE FERNZF:FEERNF 2025%F HFssE F1H 49

B 1 FMM$44R%M: Switch3 F1 Switchd Z[ERIHERE
WA 100 Gbps, HAtiEHEEIHIER 40 Gbps, {5
P R EHERZ 1 ps.

Figure 1 Half-dumbbell topology: the link bandwidth
between Switch3 and Switch4 is 100 Gbps, and the
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Switch2 FMEOKORTIKE (EMRHIN,
WebServer T1Ef1%).

Figure 2 (Color online) Average egress port queue length
of Switchl and Switch2 under different intensity loads (Half-

bandwidth of other links is 40 Gbps. The delay between
two adjacent nodes is 1 us.

dumbbell topology, WebServer workload).
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L LR ZE, AL R KR SZ 0. (R R AR S R E N 0.8 A LL, MM E RN 0.9 I,
Switchl Al Switch2 “F35J 1 H M H A FER K T 38.7%. S HALAL IR PA B 2 75 I 285 [\ 7™ EEL 1Y)
HHZE, HUEAT WA ML INT AR A 1) K [ AE .

2.2 ME 2: KRSIEHTIIRE
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BERR AR B, AR R RO AN B2 A B R R SR A8 B S B AE XS B ACK B AR [l RE T, K
TETT 7 B IR 38 2 PR 5 R AT M. DR b MR S A e 1l i ELRR TSR B 81 L At I PR e 1) 2
PRI 6 I HAE T, X AN B B S A — T8 I S 1Y), R 31 8] 19X 2 v A7 R AR AR 25 R s 5, A7 AE
i TE IR B I L.

B 3 JER TR B AR SR 2 10— AN 5, 1Z B PR Four-to-one #HAMILE 4 ANMKIETTAI 1 A
WO, 4 A RETT BRI SEH — B84, #6542 1A 5 GACHAL, AT R B ARAT Y AU IR (1 BE R Ry
40 Gbps, H#EBRIEIEN 1 ps. RN, 4 ADNEETT RN 52 R IOT RIE R IFE BIRS B IRES, BEi
4 ZIF ML TE, B 4 ANRIETT S A RE RN 10 Gbps. ERIAKRE I ZIG, FA14 M4 F 1)
3 MNKIETT (Senderl~Sender3) [RIN 5 1EAX, HAEAE HPCC 42 T Senderd 4 15 7% A1 56 I BE /.

SEGEE NP 4 Fios, FP R E R ZR IR Senderl~Sender3 A B4, TATIEHIIX 3 G FEHL
FRIEZ) 548 us BHFIERIE, KR A B2k R IR Senderd HIAM BTG N, SLIG4E R EIRTE HPCC 1Y
T, Senderd ZI7E 637 ps I 58 B AN B8 G o5, FoA I Bk $ 40 Gbps. M5 RTT & 12 ps,
R 2 7.4 4> RTT.
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Utilization of free bandwidth in HPCC

a
S

—= Flow 1-3
Flow 4
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N
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Thruput (Gbps)

Switch 1 Switch 2 Switch 5 Receiver

03 04 05 06 07 08 09 10
SimTime (ms)

-
1)

Sender 3
Sender 4
3 Four-to-one ##l: HEHFHE 40 Gbps, EE 4 (MERFE) HPCC FERFRAFIRER: #£
FEBT R EHEIRZ 1 ps. HETEZ) 7.4 4~ RTT (Four-to-one 3.
Figure 3 Four-to-one topology: the link bandwidth is Figure 4 (Color online) Utilization of free bandwidth

40 Gbps and the delay between two adjacent nodes is in HPCC: the preemption time is 7.4 RTTs (Four-to-one
1 ps. topology).
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%14 ACK BEDTFHFE—A RTT, 1EIX WA K% T % A AT EE RS 785 5., Toik B %€,

BE - KRS AMHIHREE. UEH TN INT FER A 226 B 22 RTT 2, ASAT
THE G b 2 H IS T YR 2 1) R, G HOR S T A E UK. HPCC A ACK %5 INT {5 2875
RIEAT N, TE—F RS TE UG, R 25 N 7t 9 5 B2 A5 F A 28 1o iy 50 0 8, B S INT A5 245
WAEMPLN ACK BLRALRIRIE TS, RI%ETT A S, X —id fE 2 Bl 58 IR 9.

KRR, R B8 4 A 2 4 1] [ i LA S A FE 45 5 (B R B T S s i SV MR R 1 G
SZHA e B F 12 ) fo B B (B BOIRAS (5 B, R & i) I 28 LA il 46 2 3R 5 1K1 1, BRI ERAT TR
VB A5 NP [F) 7 SR AR R F I8 (1 0 ZE Ry 5 VIR 9% ) .

RRFR — 1RSI LZRME. RN, FATTAT LRI RS I A4 6 R 2 4 2. — AN F AR AR
TR A P AT B ML B 1R RO T IR AR 2, DL SITBILAL AR iy R B R IR PR e s . X TR B R AN I
B A, BEFRIBAT L INT ROEHEEEE R N INT (5280, 5 =, SRS HIE B BTl INT FflE
HUINT) FFasFE I 24 B KP.

RRBR - KRSILZWTETRER. MUK T I 58 IR 2% 0] R B I R % S N INT {5

ERATRERIAL B K 3ETT . — AT T AR A BN INT Arid PhRERi R #B (FrJE— 1Bk
JUA RTT W) i i A0E AT 8, SRBURR SE RN <P, 15 Bl I 4 rh LAt i B R R 3 o 22 A
L.

3 XB|NSENMERIRITHE: ACC

3.1 WERFESRAA
3.1.1 XHHl INT FEH INT

e INT (5 B AT A E A, FATE INT 580 88 HHL INT FEHL INT, HApsg
Bl INT AR BB A1 SAK (switch ACK) 0 HE BRI 7 1), EHL INT 2358 EH
W5 = AR ) ACK B H A [ 3k g g (20~231,

YT AE ERREEASHAL, INT A5 2055 1 H o Do F1 0 E B 07 308, BoAR & S bR iR
switch_id, H 3t FFIEERE 77 58 bwth, B [EIEK TS (time stamp), H M 0 B FURZE 7174 txBytes
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switch-based INT information
1

SAK- |B ... Prel\"r‘i:us INT information of the current hop(76bits) Blank UDP .
. if
BTH (if any) Switch_id | bwth | TS |thytes| qlen (itany) | Header
host-based INT information
|
N .
ACK: |- IB |...| nHop 1% Hop(76bits) 2 Hop | 3 Hop | 4" Hop | s Hop | UDP |,
) BTH (4bits) Switch idlbwtthSlthytequLen (76bits) | (76bits) | (76bits) | (76bits) | Header

5 SAK 8## ACK Sra8X.
Figure 5 Formats of SAK packets and ACK packets.

FIH i A B S qLen. B 5 /R T SAK 1 ACK BB, INT HAEX AT UDP kAl
IB BTH (base transport header) Z [i], SAK LA, & MW AIETT B Y AT A HALI 73 B8 42 LY INT 58,
ACK B4 5 B AR IR AR S8 B4 1) INT (5 8. Givh- Bt Won e 8 i O 2 o, o B 22 B L1 s i 2l
wASHIE 5, FUILERAE SAK GA ACK 5T 5 Bk INT 15 B MK FE DAAAif B A2 7 2003
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SR, I TR 28RN A ZEAE 5 AR I sy, R RE 08 S bk Do 4% F) BTN AR ALE, DR FRATT I IR 18] 22 £, SRFR
AR 2. 50 T B B A i R e I, RO — SRR AR BRI A INT 58 (B2 BeiERg i
INT 15.8) W —4H, I — AP K tgap MEVEEA INT EERBTEEEE, FEPPAINZENS 5 S 1
I A6 FH T AP 28 D A IR ) BV T 0 P58 A8 i T 6 2 AR A 215 5 2 S T B s S B I B 2 H A

2 RBIRT 4 PR FH A LB B A A ZE A5 S AR A R (R R ) RS A, iX B n F0R
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BEMAL. TIMELY M Swift KA RTT {ENMZEE S, KdEVEP S, t,., 9 RTT, DCQCN KHIAZH#bL
SHHRALE ECN FRcfE RS S, R, teap N 25-2RTT, HPCC KA INT {5 EE %
G5, YRR L, teap N ZARTT.

3.2 ACC s

ACC S2MEH] 1 22 #HL INT AL INT HAIETT SRS I ZE 3 h 5%, B 6 JRoR TSIk IHELE,
HALE A T ER R, 7 R S AL R S S AT Cloak AL, e rh 2 4L 391 Se AL ) 71
B RSB BT AR INT 58, REAERERIIEE 1 D> RTT WA 2RI 2 k%47
N, FTBARLXS RAFE LT BURINZE. Cloak HLEIHFIERAR 1 AIAZHAM LR E H INT (55, SEl
XA 58 BRI TS A5, T LRI e SR (0 SE VR B AR T A T, BAT VR I
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%k 2 ERREEFEENRAEESHHIEESN (n RAENBENERY, p RAENRELHRIT ECN #Ri2H
AT E < ATHIHE R 3.

Table 2 Freshness of congestion signals of common congestion control algorithms (n represents the number of links on the
transmission path, and p represents the number of links before the switch that performs ECN marking on the transmission
path).

CC algorithm ta tr tgap (timeliness) Accuracy
2n— 2n—
DCQCN t t+ =5 PRTT 5LRTT *x
HPCC t t+ 2Z-1RTT 2=LRTT * ok kK K
n n
TIMELY t t+ RTT RTT * k%
Swift t t+ RTT RTT * K K
EarlyFeedback
Multi-Views Limited-SAK CIoa k

6 (MEhEFE) ACC #EZRE: ACC 8RN EHRIEHHIF Cloak HlH.

Figure 6 (Color online) ACC framework: ACC includes switch early feedback mechanism and Cloak mechanism.

P HIL.

MRS A EE, 18 ACC B N — 2RI ARSI T DABERI 2> 9 3 NPT BE: 28 1 4 RTT. 1A
RTT MEH RTT. B 7 JE/R T ACC EWMALHIIIE 1 A RTT WIEIEELHIEO, L2 k%
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BT 88 TS 140 i 7% 0L S A D) 285+ ) JFL bt o = R .
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BERK, BEAL o FhFR R AR, BT BOE AL LE W48 AL SR B hop i, y BHEROR INT 15 B, B
RGBSR, B NBE R EL hop. v R KAE N n, RoRERIREE R, HAFE n hop 1)
INT {5 2. ATELEH, 5 HPCC AHLL, ACC REBSTEMALHIINIEE 1 4> RTT WIRTF INT (58, JF HAURE
i A ) £ PR

3.3 HRHLBHIRIRAE
3.3.1 ZMEFEAR: ERERHNSE 1 ) RTT AIEHIR

NTIERARIE 1A RTT WEHIRE, KIETT T ZE St S 1) INT (55, S8 M4 H
S I B BE RS 5 &, DRI EH A 3L I INT A5 B B B e 2. 1B 7 JeoR 1 1E AR Ha
B 1> RTT N ACC [sHIAT A, IR MR BEA SAK A ACK .

1E ACC BIFEHI N, XT R, KIETT M4 — ML S VSet, VSet HZANLELLAL, T4
Bl View s XN ML T BT 0 M CEMLEREOT ) IR A5 . BRI Viewy, G& RET
AR RTT RTT s~ AREALE) RAT R Upys RIEE T Wayrs ZHE T Wear~ KIEHZ ratey
—% INT {5 & Lastas, PLRRIEE M G HTREIRBTE P B INPESE D0 3L incStage,, 5.
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Packet Payload

&[T+~

———» Packet transmission path
SAK/ACK packet transmission path
Mark the INT information

—_————

7 ACC ¥BEREEE (ERERNE 1 4 RTT RN): £REHRHNE 1 A RTT A, 5 HPCC #tt, ZE
BARIF ACC REESMY INT 58,

Figure 7 ACC overview (in the first RTT of a flow): in the first RT'T of the flow, compared with HPCC, the multi-views
allow ACC to obtain additional INT information.
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3 |
£ | ACKHeader ACK Payload
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——» Packet transmission path
— — — — » ACK packet transmission path
Mark the INT information

8 ACC HBEHRE (EREHNEM RTT A): £ 1 4 RTT 2F, ACK 8 BIRREANEKALETT,
IttBT ACC RIREBHEANME Viewnr1, MEAREEH SAK 6, BP T AL ENT I,

Figure 8 ACC overview (in other RTTs of a flow): after the first RTT, ACK packets begin to return to the sender

continuously, and ACC only maintains the largest view View,41.

At this time, the network no longer performs the

transmission of SAK packets, reducing unnecessary bandwidth overhead.
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Quality of Extra INT in the first HPCC’s INT
INT/hop RTT of ACC

\ b
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: ACC’s INT ///%

...... vy &

1 2 3 4 2n
(=RTT)

Time/hop

9 (MKHFE) £ ACC #ZHIT, RFHE 1 A RTT A INT F2 SR E 2448 K.

Figure 9 (Color online) In the first RTT of the flow, the amount of INT information increases linearly with time.

B PR ) R R AR AT R AT RO S B 7 B, ST AR R BR R T 2 A AT AR
M, WRIETTE] M RS A View s, £ Viewy, H, UETRFREAR b 4 28 10 B 2% 1) AR vk
I RAT R F R Unasenr. X T — 26300, I Uparr 5 TR SR 2 0 3047 LLER, T
PLBE BT AR T ) Wy, 35— AT DL SR R ratey,. FIBIZITHEIE, FERAEHE 1 A RTT W,
RAETT BEME SRAT B 58 1) DX 28 47 2845 J2 - 757 I 2% v B i

RIE TN (SAK Bl ACK Q) JGE e iE 2IA R INT /5 B EHT VSet, 285 M VSet H1
R R LR B /NIALE Viewmin. Viewmin FIKIEEZE ratemn R~ A I AF ML VR
RIETRF, I raten, BB NI IEHEZ.

3.3.2 AR INT £R: N3Z#etl INT ZE#H INT BidE

RIEFWEIE 1N ACK G5, REALW K ACK B IFAEIEIEAW 2k &5 T, 2% 3
BLINT & AR AR E FRAS. AHOCSEIR R IR B AR E I, A ML INT B9 5REnT DU 25 S g BA
IR BB T2 Bl Sh)ifie, AR 1 RTT )5, L INT Gefsi 2 5 oo 45 3 %€
AR SR, R AL INT w] DABR A v 6 B (1) B % 1 48005 R, (H2 KR SAK B kA1
W e IR, L ERAERASE 1A RTT ZJ5, ACC B EAL INT DASREURE B 55 % 71 305 .

N FERMAZHAL INT B EHL INT i J8 9 HREA W KL INT 15 SRR, 1 e 25%
TEEE IR AR 2 A SAK AR INT 5 5 AR i [RIIF. IAS R T ) A FE R, SAK FL. %1
PEALF ACK AR 48 1) [/ —8ERR 1) INT 15 S BSAAE, B 10 B7R 7 ACC & BN W28 A& 45—
A i BB (bandwidth-delay product, BDP) #ric (I AR IS #2. fE8E 6 pkt 21X Switchl 2
J&, Switchl SLEPAE R —AY SAK L SAK1, FE7E SAK1L FFAric 4aTf INT 155 INT-t1 (4arH %) t1
K INT 15 8), SR K SAKL KiERIKIET, 2 )5 pkt LEAZEALHHEBA. 24 pkt & HFBASIE, Switchl 7£
pkt 4R E FEEPARIC 62 BEZIH) INT 15 8 INT-t2, 285 pkt QkS/e k1% AL, 243k Switch2 I,
Switch2 Azl —A> SAK £ SAK2, I A& 7E pkt H 1) INT-t2 FUYETHSZ] 3 (9 INT {5 5 INT-t3 44
AL SAK2 W, SRJ5 SAK2 #ifL [ R i%77. 24 pkt 7E Switch2 FRIBAFYH H AR, Switch2 75 20 14
E B FRICYRTN Z t4 ) INT 155 INT-t4. %3 — EH5 43 pke FlikB007 NIk,

FLi: SAKL Al SAK2 H1 INT 15 B HAE RS (8], X T Switchl [ INT 158, SAK2 H INT-t2 14
BT BT SAKT FHA INT-t1, #efg i, % 1 [F—H R A& i 24 SAK 4, 12 5 K% T7 A8 e
Blgs AR B TRVEGHT I INT A5 8. X T — 2%, i HEE 1 > BDP e — M EdE 2 pktlast,
EE b e — ANl SwitchLast 4t SAK 8 SAKlast 2 J&, 7& SwitchLast < A FI3Z #eb iR [6]
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Figure 10 (Color online) Time sequence of SAK packets triggered by the same data packet.

9 INT {5 B At Ed HIM 1, BIE VSet T RAFH SwitchLast Z BT FIAZ#ALE B i, 20475
e $] SAKlast, I AAE B AU LA 1. b A2 TR pktlast XS R ACK A ACKlast
I, REIALES 1 A BDP A Sa  C KR 5 e, U A& 75 A/ B AR S E 8, JFH.
AT LLTERR VSet, WIXISHE, ACC HREEENL INT Az 45 il &

3.4 Cloak #l#l

RTT 2] 1A i 1 A5 S S BN S 2 5 SO A i 5 1l i A Tk Sttt B VR 2. 54— 2%
BILRe A% a2 I, e o T AR 98 DR UR L S BRI, iR E — DB R RRGE, KIETT A A
P 26 H N AU, UL o P PR 8 T U 2 3 B I M B R . F 2 X AR ) B R AN 2 4 ST B
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R A2 RTT 0. B pkE, £ HPCC M, INT {5 5 1 15 i 48 -5 B Kk 25
FJa I RTT o 5EIR IR, 1X— mA TR I B .

BEXS B3 sEIR BRI TE DL, ACC K Cloak HLF5 Bl W 4 o A (14370 B R mT e M4 AT 368 o i 9
HARRYL, ACC X REHRS RTT W EEHE BT Lst dric, ZZHAEIEIH A Lst Frid BB G,
SIEFENE D B LR B BB INT {5 2520, IR oK, X2 i AR R, ACC B
TR RTT KIRIEAT N, SCBL T Fifk i se e U 5t B % 3 B HAt i B4R AT 36 o5 P 2% 417 52

3.5 ACC HifEFSHHEEERERIHIN

KT ACC HUFTEERE, AT A7 IANBY Beb AT 25 /8. AERUAERAIEE 1 4> RTT W, ACC RIS #AL
BUINT {52, RBre B M 2845 5 Sl [ A0k 5 F T RO A ZE 2], 31X — B BUMZEAS S 1 £gap £
UL F] LRTT, Bl ACC ARIETj#R AL 7 I Eimm it LR INT 5 8. fERAL M E RTT
ARHS RTT, X A& T K, #ZM07 [ BK 58 B AR (1 INT 5 /2 e H R AWt 278 50807, K
AT R T IX LE I FE A5 5 T LASE IR B2 L St Rt ), IRIEAESE 2 R 3 BB v LA IE 24 B (IR 28
5T TR, T P ST

ACC BN IIANAZHAL SAK WHITFAH, BRI, Sl AR 1 4> RTT WATARIZR
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Core Switch 1 Core Switch 2 Core Switch 3 Core Switch 4

"d Receiver 1
/

[m] [m] [m] O
Sender 2 o
O [z2222 [x]
l ToR Switch 1 ToR Switch 24
[ O] | ] RO O Ol 0
Receiver 2
Sender 3 '
Sender 5 l
sender8 | S - -
N

Sender 4 Sender 6 Sender 7 10 hosts

............. £> Flows to Receiver 1
—————> Flows to Receiver 2

11 Burst #h#l: Senderl~Sender4 &iEIKH, M 12 K#MHE Clos #hih: 4 BRLRHRI, FEZD
RiA2|F2E, Sender5~Sender8 E—/MEERIETZIE) ZMHLEIE 24 & ToR X, B8 ToR 3THHERE
Receiver2 £i%58% 507, Switchd RIRPANIEE, E 10 &F4#.

ZHI PFC Fi=n. Figure 12 Large-scale Clos topology: there are 4 core
Figure 11 Burst topology: Senderl~Sender4 send long switches, each core switch is connected to 24 ToR switches,

flows, and the network remains stable. Sender5~Sender8 and each ToR switch is connected to 10 hosts.
send flows to Receiver2 at a certain moment. Then Switch4

quickly becomes congested, and even PFC pause frames

appear.

M, 24 BDP A 30 kB (3£ 10 Gbps, RTT A 24 us) i, £ CacheFollower 24 Fl WebServer [2°]
TAEf# S, & BDP bRt EERE A5 L5108 2.15% 1 16.58%. 0 WL RIS 7E BA K E5 7 HAF 0
KEEHII WebServer W1, - A KLy 16.6% MEHR Mk SAK A, 78 AR TAE gk bz bl i
ARG, 2B OB SR 1 7Y 6 T8 A R RS o0 Y 28 v 2 58 4 ] DA 2 1)

4 SKETTE

A AR WA A0 I 28 AR S 38k 47 KR RS2 56 PASRAIE ACC &S fE, R X iR
HEAFE HPCC B F1 APCC 1261 SEES#E OMNeT++ BRI G 27 I, {HH INET HEZe @,

4.1 SIRE

RN, SCIRFH R 4 MRS, 25 1 ASRE 1 FoRBEREAR RN, it Switch3 A1 Switchd Z [A) [ HE %
i % 4 100 Gbps, HABBERR 98 40 Gbps, (EEPIMHAETT AU A IEE (MLEIER + LA ER)
1 us, Senderl~Sender6 H##E 4 BEAL & 1% % Receiverl~Receiver6. 5 2 41~ 3 Fran ) Four-to-one #i
&, IR IME RPN FHAR T s 18] 1T B AR 73 5l 2 40 Gbps AT 1 ps. 25 3 /M2EE 11 fis i Burst
FaF, I T PSRBT S R 58 ATE IR 733l /& 40 Gbps A1 1 ps. XIHIMA 4 GAHALA
10 & EM, FEF Senderl K] H I EHLZ Receiverl, Sender2~Sender8 FJ H ) EH & Receiver2. 5 4 4~
el 12 s 240 & EHLHRFIEL Clos #h4h, i 4 R OZHALIERE 24 6 ToR AZHAL,
£ ToR SCHHLERE 10 5 EHL, ToR ZHML 5% AZHA L 8] I EEE 17 9579 100 Gbps, ToR ZHHL 5
FAHLZ 8] I BEFE T 589 10 Gbps, AR MAHAR T A IREIR Y 3 ps.

MEER. SI0HE 3 MR WA EdE F o Mg TAE 73 CacheFollower 24, WebServer 291 DL &
WebSearch [ X6 T /E 7 34 3 1 Fios.

BHIKE. HPCC B! il APCC PO R PE R % B B4 maxStage = 5, = 0.95, W_AI = linkspeed x
RTT x (1 —n)/n, X8 n MR RIETTREE. AT LEH AT, ACC TENMMEKSHRES
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13 (MAIRTE) ZHHLR IR B S AEMERIE. (a) REABEEET Switchl 7 Switch2 B9
Ok OBFIHCEIER; (b) SRFEAMRATEIER (EM$2HATN, WebServer TEHE).
Figure 13 (Color online) Ablation experiment of the switch early feedback mechanism. (a) The average egress port queue

length of Switchl and Switch2; (b) flow completion time under different load intensities (half-dumbbell topology, WebServer
workload).

AT ARTA.

WA R, N TP ACC MIPERE, JATHEAT 1 3 NITTHAISESR: (1) BB TR SLIR RS Bl
FARAFHLEIAT Cloak HLEIIA RV (2) VPG ACC BITRAEHETERE; (3) Pl ACC 7E KU Clos #i4h
B fehmiiae.

4.2 ACC Rl HH R HRL LY 36 IE

N T HAIE ACC PRAMZ AL A R0, AT 73 3906 S L 391 S LA AT Cloak AL EEAT 4 fth
S X R E U U2, TR R 27, ASO HESEIa st R 4.3 /M ACC #UE A
(LNER R C SR SN TR

4.2.1 TR HA R IR ALE BT H AR SEIR B8 IE

FRATTVE B A FE 42 1) B9 2oR B0IE A B LA S SRR (10 4 R, Horp— /N2 ACC, — AN R
TFJa A B LRI AL ACC_unSAK. SEIGTER 1 BRI ME 44 3 b BT R, FRAT1ME A WebServer
TAESER, B EERER 0.1~0.9, WE 9 A 5LI05t, WHAE ACC Al ACC_unSAK #%Hi] F Switchl
Al Switch2 FI-F-37 H F I PAFIH B, [FIRFIAAE ACC Il ACC _unSAK 5 #1 F [E 58 A 18], S5
R 13 s,

K 13(a) /R T Switchl A1 Switch2 335 H 10 I BAB K, SEg6 &5 B 5% 24 S gksm AN 0.4
PEFHE 0.7, ACC_unSAK F il F (IREE % BA S BEHE T 399%, T ACC #4)  F 0 29 8% i DA 71 i
IR T 63.6%, 4 s sR T miA 0.9 I, ACC_unSAK 4% % I\ F1HK B 56 & sk 1755.578 kB. Hiltk
A WL AZ ML S ML AT LA Bl ACC KR BRIR I SBE B 1 A R, B 13(b) JBoR 1 YL 58 i [
PTG, SIS ST LLE tHAZ L B R AL BRI HE ) ACC IR IR 28 30t 56 T (1], 31X — 7R Y
28 SR e e R LS T D B

4.2.2 Cloak HHIHY;HRESCIGIEUE

FRA 16 B P AP ZE 45 ) SR B IE Cloak HLAIFIA R, Hoh—AN2 ACC, 71— M2 RIS Cloak
HLHIH ACC_unCloak. SZIGLER 3 A7) Four-to-one #ifh FHFRE, FAI14 4 & KIET KiE 4 4K,
Senderl~Sender4 FTXt N KR53 AN Flowl~Flow4, HH Flowl~Flow4 Vit E . 24 M 45145 FFa e
IR G 4 FKCT 7 ST B, 5 H 10 Gbps, B HATIE Flowl~Flow3 #IKFEMAKIZSE Flowd X i
i B GO, SR g R 14 k.
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Utilization of free bandwidth in ACC_unCloak Utilization of free bandwidth in ACC

—— Flow 1 (a)
—— Flow 2
—— Flow 3

Flow 4
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B 14 (MBKIEFE) Cloak HlHIAYERSIIEISIE: 5 ACC_unCloak #8tk, ACC KEWS1E Flow4 1281 5.8 1
RTT 5ERtEH (Four-to-one #h3l). (a) ACC_unCloak B IIE&1EN; (b) ACC HIF I HEMR.
Figure 14 (Color online) Ablation experiment of the Cloak mechanism: compared with ACC_unCloak, ACC enables

Flow4 to complete its transmission 5.8 RT'Ts in advance (Four-to-one topology). (a) The bandwidth preemption in ACC_un
Cloak; (b) the bandwidth preemption in ACC.

B 14(a) /N2 ACC_unCloak 5l R I A 5 72 i 4% 25 U A ek S Bl i) 18] PR AR A0 o, Pl o [
FORTAL R TEREAE, B 14(b) BoRIZ ACC F5H R 10 R B, H s gt FonT WL, 7R8I 58 BR
RIERS, Cloak HLEIREW A ) ACC IR b7 7% R B8, A5 DX 28 H (10 A0 70 50 (1) B i) P B Wie 8, o gk
— 5, FATIEE Flowd (AL 5 U], 77405 ACC_unCloak #HEL, ACC fEWEE Flowd $27T 5.8 4
RTT 8R4

4.3  MEESTIEITME
4.3.1 BRIEAREBIWE: ACC N RAVIZH

BAEE 1 R EM 2 #n 4 _E s ACC F1 HPCC WA R dlAE 71, TAE ik B0 5 te
575 1) WebServer.

LI KAF A EGRE N Switchl 1 Switch2 HI~FIAH Hm HBAZIHCEE, 455K 15 s, 5
HPCC #HEL, 72 ACC HyF%H| TR BEAE T80 am i 3 nBAS A BE ARG, (H i T A2 Hd LR it 1 Je
IS B0 S ik, BEAR B RAS A B B B AIR. BAACKE, A0 aR BN T 0.5 I, ACC REWSHF BAFIC B /b 22
b 30%, HAEGRER SR, ACC R AT IR D 49.3%~68.8%.

4.3.2 BREHEIIREE: ACC FKRAES

BATEE 3 Fionf) Four-to-one R4 EMIR ACC MR AIHEHIRE /1. SLieipFtin 2.2 N fr
W, 4 AR TT R O RIS KL, TERERAS T & K& 8% 58, B 5 10 Gbps, 7E3RE—
ZIBA14 3 NRIETT (Senderl~Sender3) IR 11 J%, MEEAE ACC Fifil F 45 4 NRI%T7 (Senderd)
XoF 2 R B8 R4 o R

K 16 JE7s TiZSEm 45 5, B0 B 2k 327~ Senderl~Sender3 B &2 I, W52k R
7~ ACC #%H#il F Senderd HIFMEAIE M. FAIIEF] Senderl~Sender3 #FEZL] 548 us B £ 1k Kk,
SEHG 45 BB IRAE ACC HIFEHI R, Senderd 7E4) 597 ps I 58 2 M E K36 &, FrEEIAF] 40 Gbps.
M RTT /12 us, 3058 W20 4 4 RTT, #IEF HPCC Fiki 7.4 4 RTT, 4550 T 45.9%.

4.3.3 ¥ PFC ZEmaEig

HCHE v [ 25 30 7 BE I 2 P 2B o P B B P L DA S s (0 52k, a0 PFRC ML), 4428
PRI, PRC 2 RA% I 2E 45 55 1a) B 1 & 3% PRC i 4, spb 3R e N AR AR AS Bl L 22 b X AN
ol th, AT S il Bl 52k B2 PFC RARIVER, HIHZEF“ERN PFC 15 i< 3 UM 28 ) 28
TR AR A, TR A FE T RO ZE R 28] 45 I R AR S R A

ISR BRI 5, 1EE 11 BRI 4 G2 10 6L, BE8H 58 /2 40 Gbps, H
BT Z (A REIR A 1 ps. TEWIAEIRZASHT, Senderl 7] Receiverl, Sender2~Sender4 [ Receiver2 Jxi%i%
KR, IR RIFR e, B AN E I % ¢, Sender5~Sender8 UG A} 1] Receiver2 %1% 28 & 56
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15 (MEMFE) FRIAEBEET Switchl 16 (MEIHMFE) ACC HhzRHEAERER:
Switch2 BIEHHOFOTIKE (%A, ACC WithATEN 4 > RTT (four-to-one #hil).

WebServer T{Ef1%). Figure 16 (Color online) Utilization of free bandwidth

Figure 15 (Color online) Average queue length of in ACC: the preemption time is 4 RTTs (four-to-one
Switchl and Switch2 under different intensity loads (half- topology).
dumbbell topology, WebServer workload).

404 HPCC
ACC

Thruput (Gbps)
S

0.4 08 12 16 2.0
SimTime (ms)

17 (MBIRFE) RERFEET Senderl BEME (Burst #51).

Figure 17 (Color online) Throughput of Senderl as burst flows start (Burst topology).

i BT HPCC FF%E ACK fRALHIE INT 15 5, Sender5~Sender8 £/ Z—A RTT KK 7
BWAZ R, B L) 4 DNRIEFTEZ DA RIT (A B DL R KA EEE. XAk, Switchd
B Receiver2 R H F i 2 72K I 6] ) ARG K A PAA, IX B 100 T 04 2% v 1) SRR U B AE AS e LAk
PR T I K IIBA S N 25 A 28, 4005 T R I 25 S PE AR, JE HEL R e Refil k. PFC & {FMi. PFC
BT s AN X 7 b B 4 4 28 A L B AU R, AER] 11 FoR ) Burst $adh b, WHERAE Switchd A&
PFC Wik, M3 K€, B2 PFC E{Emia] Gyt — B bk, BRI ZER. R
Senderl B H ) FEHLZE Receiverl, I HiZERE Switchd Fl Receiverl %I 4& 2% KW, Senderl 523K N
PFC #{Zmi 4& 8% i 4% 245, $er)ih i, BI# Senderl #I| Receiverl FE$E F¥% A #1%E, Senderl 4
DRI DAy 37 452 It T ekl {675 Senderl Jil 32 FH# .

EE 11 Fi7ni) Burst #4bH, 4 Senderl~Senderd K%K i, Sender5~Sender8 7£ 1 ms KR
Kk 40 kB IR (DA FREM A RTT, Bl 8 us), Senderl MIFMEWE 17 Fix, AL S
HPCC L, ACC W LAfE— @R E Bt 5 PFC 5 Wi k.

HARRA, XFT HPCC, 1 ms I ZI )R K E -SSR K I H PFC E{# M fil %, Senderl
ZEAF ML 1015 ps I BRI, B3R A E 45 R BE AR 25 N J5, Senderl 7E 1146 us B A FF46 7
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18 (MEIRFE) Clos ¥R EERTIEGEHM (a) RSTAETE (BIEFRRTAFTE. 5 90 B AR5 AT E
FME 95 BANMCRSTEAHATE), (b) HHEE, UK (c) KIENEHTHKE DT (KHHE Clos #Hfl, CacheFollower
T{E/EF WebSearch T{Efi%)).

Figure 18 (Color online) (a) FCTs (including average FCTs, 90th-percentile FCTs, and 95th-percentile FCTs),
(b) goodputs and (c) the switch average queue length distribution under different workload intensities on Clos topology
(large-scale Clos topology, CacheFollower workload & WebSearch workload).

T B RS RUSL. KT ACC, H T ASHANLIAEET A5, K& TR AR ES 1 A RTT WA
TR 2, R Senderl A N FEE, M, 24 Sender2~Senderd T HZE1j [£# J5, Senderl
F| Receiverl fEEAE L H LA R 58, L3045 R R Senderl HEEE & 1 # 2F N 58, 76 1080 ps B
FHIE, T TR 4 N R 2 RIS

4.4 FERAERKEPONETIEATAERMR Clos thil ERISIINTT4

BAVEE 12 PRI R AR Clos $hih L3R T ACC HIMERITERE, ZIHIMES 4 B OAZHAUA
24 5 ToR AZHeHl, FF 5 ToR ACHMLIES: 10 & FH, X2 HHE 0 W4 —FE 146 4. 75 Clos
T, B G FHUBENLH A HARAT R — & ENURIEEEE, S5 E HPCC Bl Fl APCC 261 xR %,
FH R0 LA TAE 1 %: CacheFollower (24 Fl1 WebSearch (251,

Clos #h#P L& IR LM TIEC S ADRTERATE. RATE 3 A [F S BGREE T8 H P Fh L
PESE T MIME TP 55 90 B n. 55 95 B AL e it 18], 45 R 18(a) Fizs. SKERsh R
5 HPCC F1 APCC AHEL, ACC WP 58 90 B BLARIEE 95 T 430k 56 BN [ 345 AT REAIG. LA
FEREAN 0.6 1 CacheFollower TAEfi# A%, 5 HPCC MLk, ACC -9 5 S 18] K20 7.6%,
90 B 4> LI 5 B ] PR 16.6%, 55 95 B R0t 5 i ] FEIK 2 9.6%, 5 APCC AL, ACC
()1 2539 56 JS N TA] FRAIR 2 9.2%, 58 90 F1 2L im 78 Js i 18] FRAIR 2 12%, 28 95 1 23 it 56 i 8] PRI
21 5.7%. HANRATRILBEFE WX AL 5 8] 38K ACC S AL B 1B iR (1 PR R BCR S 3n 5. 3%, 341
TEFEEREN 0.6 1) WebServer TAEf# Iz T [A] (1 25 44 J5 N2, 5 HPCC AHLEL, ACC
REXT TR BAAN K FE Dk 9.6%, #4268 95 T 43 Drift 52 i a] kb 2 29.7%.
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95 A hLie e S [ B PR R R ACC B AL 7 28 atAE a0 R 18R, PR L FRA T\ 9 7E 28 He L5 30
SFALEIFD Cloak HLEIIMLAL T, ACC XML EA 1 B om A4 HI R /1, HRE o0 M2 A&tk se A
TRRHIHT
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Abstract Faced with the increasingly complex and rapidly changing datacenter network traffic, congestion
control technology based on INT (in-network telemetry) information faces many challenges. On the one hand,
the existing state-of-the-art algorithms mainly rely on the receiver’s ACK (acknowledge) packet to feedback INT
information to the sender to obtain link load information. Since the feedback delay of the ACK packet is at
the RTT (round trip time) level, the sender cannot obtain INT information within the first RTT of the flow
transmission. On the other hand, the existing algorithms generally lack the ability to seize the idle network
bandwidth when the flow transmission is completed, so the network would inevitably waste bandwidth. In
this paper, we explore INT-based techniques, break the one-RTT barrier efficiently and eliminate bandwidth
waste. We come up with an ultra-precise and efficient congestion control algorithm, called ACC (agile congestion
control). Compared with the existing state-of-the-art INT-based congestion control algorithm HPCC (high
precision congestion control), ACC pays special attention to the first RTT of the flow transmission. During
this period, the switch is used to transmit the path congestion signal back to the sender, which can respond more
quickly to network congestion. In addition, ACC pays attention to the bandwidth preemption ability of long flows
in the network, which can help long flows perceive idle bandwidth in advance, thereby reducing the tail delay of
network transmission. Furthermore, we conduct extensive experiments to evaluate the performance of our design.
The result shows that while keeping the same high throughput as HPCC, ACC can maintain a lower queue length
and effectively reduce the tail delay of the flow. Specifically, in large-scale Clos topology, when the workload is
WebServer and the workload intensity is 0.6, compared with HPCC, ACC can reduce the average queue length
by 9.6%, shorten the 95th-percentile low completion time by 29.7%.

Keywords datacenter congestion control, in-network telemetry (INT), bandwidth preemption, coordination of
switch and host



