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DR T IR FUEEFRFENEEMEL. SRFHMALEES2HNITER
HE, BAYREHARERIE, #A Nl Winel. S, KIR. TEE
IR LR H FE R TEXEE.

ATERE. MEMRESESHENANXBIETEEETHE. HEMRE. &
i ERIEREEMABEHENNEERE. MEREERET OCNEESZH DL
B.HRERINEETEN, SAERE.ZERTEXMELEMTENRER.

AT, ST EEMRGFUER., #BET, B 4wt BEER T
BREEMIHE. £ 2000 REEQFH, 67%H CEO HHFHIERE
L BEEOAZI0? . IRSE R R A B T A R BYRE 30 1 76 5 | B O P48 S35 LASR
AFLHTHEER .

HFUIRPEMRKERERAGOES, ATEREAGREZ B, R
i AL Tk RERITUN, B 2025 F, FHIGHIEEFIAT 180283, A, X
BHAZRBRALE . NEEFRENMIAMEEREKENE. EERCETE
(WREIGEE . 50, BEEEE) AUELBIREIG, RERF SEIFRBHIERN 95%
(nE 2)  WANKEESTHETRENBIERARIRGK, FEHITHEEM
%, NEREEPIZHRESNE ETREFINALERSETLUTERERS

1 Orange, “Findingthe competitive edge with digital transformation,” 03 June 2015. [Online]. Available:
https://www.orange-business.com/en/magazine/finding-the-competitive-edge-with-digital-transformation.
2 Wiles, J., “Mobilize Every Function in the Organization for Digitalization,” Gartner, 03 December 2018.
[Online]. Available: https://www.gartner.com/smarterwithgartner/mobilize-every-function-in-the-organization-
for-digitalization/. [Accessed 10 June 2020].
3 Huawei, “Touching an Intelligent World,” Huawei, 2019. [Online]. Available:
https://www.huawei.com/minisite/giv/Files/whitepaper_en_2019.pdf. [Accessed 15 March 2021].
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40 - 100 > 400 GbE
180 ZB 95%
Al

S—

Data generated annually: AudioNVideo Storage Computing
8.6 ZB (2015) > 180 ZB (2025) Percentage of unstructured data HDD - SSD » SCM  CPU - GPU = Al chip

2 FE AL A

BRI, ZREDORIGRS T RAMRE, TATHRARAER. ZFanir
IT ZRFRESE, SIBUANAEFAFOMRSFER. &£ AINK, NAEFE
EHRMIRANBEE, »EMRELIFNER T ZRIED ORI S AL IR RE
. EMANTHEES O, RESSIEELIFAMIATE N HIEFRITT4ER
2. M REA LSRN ANFIRSEIHEATLIE, ZXEE. KUR
MXERZRAING S NRAREFNEFHEERANTEFIR B HIER.

3. BIB/POB/RMBARTEERH

31 [ERHEPOHERE

7£ 10Gbps AR MBI EHE, ODCC AR 1A R F HIEH 0 H#E (DCB),
DCB {E&EE MR OIMERETAMLAKI . WFFIEXE X T —4H g
BINEE. FRARGIFMESNARERMEHRIEME, £ THRENERRA,
40 InfiniBand™FELFIBIE . AKMNEE B HRIAEERMIRL, HEsE
B EABERESEHR. BEPOHENXESHEE:

o ELZREES (PFC): —FERBREITHING, HRTHIEEEX
B, RTUES AT &MRE.
o REVEHMIERE (ETS): —#MATAERE, RIPRETESE.

4 InfiniBand #2 InfiniBand® %4 & W& (R A A AR 554 i
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o HEBHM: —MENBAEN_ERISHEEENY, BEE_EML%
HIE S RIRFI L ZimpIEHERR, BeER.
o WiEP LIS NZIRIDI (DCBX): —/MABFIMEEEIZ RN, S
BELZIMHIYL (LLDP) #EMER, ATEM LESHMTIEMEE.

XESHFIFUARNYT REISEITEMEERIEMNEN LT U HIZIEEE
£, AW, MEMEMBIANTL, TEETHKL. Bal, ER=ZEHUS
EAEEAGHNHEREFOELIIMEME. UXMIERS LM 10Gbps 125
2 400 Gbps, FitXIIFRERSE Tops Sel. ALEREEHNAEFHLIL,
STEAIR Y THNEK, #HTHRREHRTN. AFE—SHT KUUAKMERK
HEHOPMRAEE, TEEREEH.

ATEREARBEFLNMETRTEN . BNEEENA LTSGR
=—MIF. REFIEETERBUSERWMS HEITERAR . BRIEEHMII
SGHEREIE PB 4 (1PB=1024TB), MR{EAESGERFMEILIE CPU KLIE
HiE, TREZEVEZE—FFETRIIZG. XEARIVIERN. ATIEREALE
BERVBIBAL BN R, EEAGHATESEHITEG MR E. flan, FiEitee
EERE—MERAEIER 100 R BN AaEERE (TOPS) 5.

AT B EBIRRIFEER, FENMREEMNERRT (HDD) 2R3
BEASIEEIEE (SSD), BRIEFMHEAE (SCMs), FENRIERLER T 1000 fZ14
. RAEMEERFER GRS, XEFERAUMITEII, JEEfEe
IS HRSM N R BIMEE L. 3T FREEIZSER (SSD), BIEHTIE Gk ElinfF
fif BETERY 60%LA L. GNREFERFHLEANE (SCMs), FRIEMZEMRESRINE,
BN —EBIRTRESIBINE] 85% . XFRER T F2 & /1 B — 3¢ LA _E BB [E) 20T iR
BERTS. FERMELEEENT AL T ELIERS, SFESBERESREER 50%

5 Handy, J. and T. Coughlin, “Survey: Users Share Their Storage,” 12 2014. [Online]. Available:
https://www.snia.org/sites/default/files/SNIA%2010PS%20Survey%20White%20Paper.pdf.[Accessed 14 May
2020].
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AT B8R AREFME I RASEEME S Mm. flan 2015 FHEK
#9 Resnet 23] 7 BZ12RiTE, B 6000 FNE#. 2016 EEEENIGFEIES
RS, LI 20 BIZIZRTER 321058 2017 FATNMT L3 105 AL
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REHUBETREFHEHEEFPIHNAEFIRSZFEKR £ E 26T,
EFL% LT B K AT L 4 FEXRAEKT 5 F°5. (RERESIERNLN
INTER, ZHEFM 21.49 {238MB] 123.6 2. EHEEEAERGEANBEF. BR
FiEEd 60 ABMIRRIT T —NMNERNZALZEIFRREE. ZRGEEBXRE
# 50 LR EMBIE, XEHBAINZRITEFAREZHE 055 EVRNEERE
k. HRImARSERER TCPIP ik, PZEEFEX. NAZERAMMNFER
XZ EWHFEERIAFES CPU MATERERFEENK, SEIEIREM, TEHE
NARFIER. FTiztEEIZEARFIGE (Remote Direct Memory Access, RDMA)
WBGHRR T #RRIA, BT CPU %R, BT EEFMENLINFITE.
RDMA HERMRSHBMETHR T EAMES, HMIEEREEIRE D O ML ET
Wit t, RETEFRMITIRITARA T HHLEERK,

33. AILVEREES

REMEIEFOIRS (web, BIEEMIMHEME) BRUSHAEM, HELS
RBBEWEN. STXHENES, ENEHMBERMEEEELFREEX
MESARENE . ERBEHR L E FIFHERT B Z2BEHLRY. 2AT, AlTHE IR, X
m—MEREERMLEE. ESBBREMTER A BFESENTEEX

6 Huawei, “Al, This Is the Intelligent and Lossless Data Center Network You Want!” 13 March 2019. [Online].
Available: https://www.cio.com/article/3347337/ai-this-is-the-intelligent-and-lossless-data-center-network-you-
want.html. [Accessed 14 May 2020].

7 Karuppiah, E. K., “Real World Problem Simplification Using Deep Learning / Al,” 2 November 2017. [Online].
Available:https://www.fujitsu.com/sg/Images/8.3.2%20FAC2017Track3_EttikanKaruppiah_RealWorldProblemSim
plificationUsingDeepLearningAl%20.pdf. [Accessed 14 May 2020].

8 Yanqin, D., “The “UltraBrain” weapon behind Meituan's delivery of 30 million orders in a single day,”
19 September 2019. [Online]. Available: https://www.infog.cn/article/2Kt8Ru90D75idBNHKBrp. [Accessed 15
March 2021].
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Machine |
T duiydel,|

Machine 3
$ aulyoep

3 HATIHEAREYL

3.3.2. HIEHITHE

ERREATHES, BIHLEARTED Al BARE, (BRAERRSH

9 Dean, Jeffrey, Greg S. Corrado, Rajat Monga, Kai Chen, Matthieu Devin, Quoc V. Le, Mark Z. Mao, Marc’ Aurelio
Ranzato, Andrew Senior, Paul Tucker, Ke Yang, Andrew Y. Ng, Large Scale Distributed Deep Networks, Google Inc.,
Mountain View, CA. Available: https://storage.googleapis.com/pub-tools-public-publication-data/pdf/40565.pdf.
[Accessed 19 May 2021].
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R FIAFET, HESIENEERES 8T TIESeaATE I 50%10,
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incast IEZEMNRI S LR, B 5 BRT AlNIZGFELE incast BEMF . NZiZE
ERENAR, ERREKBL=EREZELEH. NAEFE THRENZED
BT—XHESINER (AM) LEZSHARSR. LEBISHRSHPRIE
FELIERK incaste N AFHITERARREBAE T ERIE, EREEHDFBL~E
Y incast th<BEZ 38

10 Cardona, 0., “Towards Hyperscale High Performance Computing with RDMA,” 12 June 2019. [Online].
Available:
https://pc.nanog.org/static/published/meetings/NANOG76/1999/20190612_Cardona_Towards_Hyperscale_High
_vl.pdf. [Accessed 14 May 2020].
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2% AIEREREDSYE, EERERAT, UATNENESTEE.
RERER, KNESEEESTES FCT 2RITUNE, Fitt, BENMNNRRERF
AU RE R AT LA TN . HMESHFSERIEMEIZCQIGF <8, I AT
FCT 7. SERRTEIRIZ AT FETEAATEIAR, &% BRI ERIE. REx]
mANEE (1/0) BEKRMERRIIN T, EABETIE(R & FR G0 N Ay —/ V&R 4T,
SXREBr BT EFELE, EREFNEERK. RAEHRERBLERYTHITEE

MENDHRTERENANEXRER. AT HERREMFABEROHHOTE
KRR, EAPATEFEWRRR.

3.4. BAREHE

URBE LRI SR NI ARBIMAER, BIERERE . IERBESRIEF
Rt %, MEBRARGESIEFTAMG, XEAGNSEBRAER. MEEE. 26
HE. RGN EIHIRBHED T —REFEH ONEE
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6 MEFHEIRSIEE

B3 T MEEN XS ELEMRFENEREY . EAEFHRSEH
HABRIER 2L MEREIRIA. NAROIAFRIH L ITHF, HE
EETTRAIER G LRE PG, WA TBRELEY.

BEE A IES L M F i B SR (NVMe) O HISE A AR M HDD % B3| SSD,
BARE| SCM, FHEMEERBEITEXREF. BT NVMe a1 6iE /T R T 1ERTE]
L ARTR R AR T 1000 5. FERAZEHHFREREE S5 :
HDD= 2-5 Z#, SATA SSD = 0.2 Z#, NVMe SSD = 0.02 £#/. SCM BHLt
NVMe [A7F SSD IR=Z F f&.

NVMe-over-fabrics ({E#R NVMeoF) 23 TMEEFH#E NVMe BLE. v
FREVIF IR AR, PGSR, MEMEMNHEIMEEREE. &7 RR T ME
RTREARAT AR A E IR NVMe FAER TR PLEEHIE 2 in 2 i X 48 A 22 77 i At
IERAI 2B —ER 5, {BREEMLEL SCM FHEMAR, MEREERA—
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Media latency Network latency “

7 HDD F1 SSD Fuisi 2] B 2E # [&

AT HE AR ST E RIS AS AT E AR AR 2R BULA AY . RRASATIE B8 BRI THURATIE , 1)
B A RTIEFN/FRARHATIE . X R IE B BURF 3T R A M B A BB 15 46
WEE. CREEEEN, MARESTN. B 8 Bix, HFTERSETERITIULN
EEBEE RN (10-9#) I (10-6 #) HKFH, FEiREIHMEDREF S
EEANE] 1%,

End-to-end Network Latency Breakdown

L

Dynamic Network Latency Static Network Latency
[ | Queuing latency (50 ps) [ | Switching latency (3 ps)
B Packet loss latency (5000 ps) Transmission latency (0.3 ps)

8 MILRATIE L pE

HFSEHEX IR E iR 4 S ETERER EE, HFEZREFEZFHNTMES.
HSHE R B TABHAMBEAERSE, XLIEMREZMEIREMLIE
BEK. HTAHERESEAMRBHURERN, ERTENMERE. FE
i 2 o P 4% B RE Y 5K SR R MR TS BTIE, MARRENSEIER X ZEMRME.

HESHENEEREFERZZASHNOKIERESL . TERELLHBARER—1
HER, AMMRAREFEFEXN. SXRNEFXEREMRLEN, RakE
ZE(FEIENRE, 2T EP R T RERLFERMERNER) .
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SHEONRMEZRES 7 ZMWEANMEM incast HE. HMBLEHDAIHED
HEE, RN ZEEEMS A EMEARE, XARESHRTHEATE.

W ZiIRRE EEE B Rt & X HAER, MEhgm e HIL incast E. Al iHEE
BASHARNME, NELEER ZENHIRELITRE, REHELE incast i
£ (T

3.4.2. GPU: ATFHITITERRBIRATEMLZ

SRH Al HERMEIERRAIEE (CPU) FEFALIERE (GPU) o« GPU
BEVIRAT SRIEFRE FIFR AR, REAKEROETHNMIE. GPU 2
—MNMABRTAZLIER, EBERBITREARABZEE. MENWATEEE
FIEAEEHITERNGIHTE, HATULEBASNERERACE —XIE
BEAT GPU. A, YR Al T ERALUKESRIBIES L Al RRERF
HIFEKR, GPU AR SRR MMEILE . XFiBEEMMEERE TESER.

Facebook FIELMIRX T HMAMIBZFESIFEE Caffe2, XANTEHITIMHITM
i®, ERTERHFNZ GPU RFEHE. MiKEAI, 8 SRZFFMHEEISZSH
100Ghit/s InfiniBand MBI SHRARISEI T FIM . HERFIRIL% 5 R RY L I E AR
R REFE R B MEER AT Y. Bk, MEMEERAIIRSI T ATE 8RS
RO R R -

GPU Rt TELIIER CPU RSB ZHNAETR. 1A GPU BHTHES
RESIANRE M HITIE, WATEMETE. BIRRT S GPU B E5H, 84
RHE—&EH (CPU) FIZA GPU &AM, XLRZFEI PCle 3T
NVLink E#. 81 GPU #etB ERH R HAMBEN B AN RERNF. BENER
WEZAE, URFENT S DRAM B—/REEX, BIFHENIAE?.

11 Morgan, T. P., “Machine Learning Gets an Infiniband Boost with Caffe2,” 19 April 2017. [Online]. Available:
https://www.nextplatform.com/2017/04/19/machine-learning-gets-infiniband-boost-caffe2/. [Accessed 14 May
2020].
12 Jai, Z., Y. Kwon, G. Shipman, P. McCormick, M. Erez and A. Aiken, “A distributed multi-GPU system for fast
graph processing,” in VLDB Endowment, 2017.
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9 ST AL HE LR 12

3.4.3. SmartNICs

ETEARIJLER, CPU IR B IR MUK Mk B MM RE L L E R EIRH.
10 B7R 7 LAKMISERR A A SHIREHEFHE R AN CPU MR EEIR A, X
RO LERTEE, 1540 CPU BUALIERE B LURE AR SRR Tad, TEILAY NIC
AT LR, AT LATERR (4 o RN IREE AN WL tiA, B EAE . mEE AT
H, TR oA E N S PR E R, Bl 7E 1 A AR s R B, R E A E R,
BEEZ4H SmartNIC A1 AT ENEREE . BEERTEIAYHERE, SmartNIC ENEER R
#h, Hp—LiFM B R ANOE, FHREEDERAMN NIC EARSFEH. XHHI
SKBEE TCP E#5|2 (TOE) WUHIMM IR, TOE X TCP &RIGFNEE . K
R EL & X ANIRWBURYT R -

Ethernet Speed CPU Performance

400 100000

300 80000

@ £ 60000
o 200 P

G] o 40000
(%]

100 20000

0 0

1988 1995 1998 2003 2015 2019 1988 1995 1998 2003 2015 2019

10 [rsefERetbas

13 Rupp, K., “42 Years of Microprocessor Trend Data,” February 2018. [Online]. Available:
https://www.karlrupp.net/2018/02/42-years-of-microprocessor-trend-data/. [Accessed 22 July 2020].
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HEOWEFR, AR KRAPERERIEAIHK, TLUKM SRR E AN FFEMNT,
AIIAE] 400Gbps. XMW E R T EIEIREIE O PR E XML ERLE
A FiE HEGBNZEMUGENESRNE, H—HR<IAA, SmartNIC £%
LMSWETFE. Ba, SESNBIEFD O SmartNIC B RZH4We?

11 R T—1NEE SmartNIC BRI ARFS IR, SmartNIC JEE T
SARAAIR NIC Thae, TEIFEEINEE, MIRT RAEFERSEE CPU 1 GPU
BIBITIRE . SmartNIC A2 CPU = GPU B9& X, MEEEMBKZEFH X CPU s
GPU #{T4M 7T, —LeXBHB BIFELNZEO I HI\ERFLE . BEkKiE
RZIEFILE. mE. REVTE. BEMERGIT. I, SmartNICs BEEIE
MBI FIE RSB E, X ¥ RDMA 1 NVMe-oF FiHEO.

Server Architecture

CPU/ D
N Ic FPGA

Accelerate applications
Secure the host
Run applications Complement host

11 {¥ 8 SmartNIC BYBR 585544

IMAE, SmartNIC — MK BFFE R AT 4RI . I3 EXT SmartNIC BIREE=
EREHERETUHNEINE. RENZEEHOHETRE CPU BTX%
BMLEZINEE, FA NIC iR ENAREERE TREAEFLEHR. 2m, X
9 SmartNIC B MR FNHIZFE. BNSERERFREFMEPIHENFIHEN
—&ITEN, FFRERMEET Linux FE M E XML T A, a0 Open vSwitch'*,
BERERATEEMREIFREESRG S, EBREFLFEIHITRA,

14 The Linux Foundation, “Open vSwitch,” 2016. [Online]. Available: https://www.openvswitch.org/.
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16



ODCC-2021-05001 ///
BRI B éonce

GPU. FPGA %,

GPU B{EFR“BlE EFE XKt THIRFZEN. SmartNIC B8] LUER“ElE”
AESMEPHTEEE NEFERE. XEMLENEE " REEZEHT GPU
#0 SmartNIC EH K FRIIRILZR 5

#£ GPU DirectRDMA Z &, ZH—4 GPU [EIZf2ARFFFHIS—1 GPU &
MR, R GPU FEFHIEM GPU AEEFIZIEEER CPU NFEF. RE
FEH CPU BEEM GPU BEIEAHFEHIZE] SmartNIC BEIERFH. ET*X,
SmartNIC {2 RDMA ##iE i@ ML MZIITi2R 558 . TR S[ImHAIT
HREIETE. HIERIL SmantNIC BIERE, CPU BISHIEEHIZI GPU BIEN
FH, REBESEHETIG GPU NTF. B 14 £/~ T E£EH GPU DirectRDMA
ZHT, M GPU | GPU % #E# DlidFE.

PCl-& PCl-¢

RDMA RDMA
NIC NIC

14 GPU DirectRDMA Z BTRI SR &

RIRFE GPU # CPU Z B EHI M HRAVAASEL £ TCP 7£ GPU Z (BB 2z
MRS, BEMREELTELR:

1. GPU ®iRiHFE. CPU AIRER AHIEEHITIZ AR EIA .

2. EHEIEM, HEERK. ERONFRIASERENE, B V0 HE.

3. ENANFEERE. TEEEEZFXSBLOENTRAE, ZNEBREFE
RE, HMARLAR TCO.

17



(/7
S&HH GPU HESHIREMESSMAL, EMLEHM GPU HE=EEER
X. B TEINAGFEHEHLIENERE, BEFTLUERBET RDMA £, 7
s, BiEEH RDMA BlikfE, ERSA GPU BIEMEHNEFX . XFREA
JHFRT CPU 1 GPU Z B EFXEHIiEFE, FRAER GPU KA (20 15 Fr

)

GPU
Memory

GPU
Memory

| System

Hemo Memol
T ] |

PCl-e | | PCl-e

RDMA
v - / NIC

15 £ GPU Direct HIZIB{&H

System

A GPU NEFIEEE GPU M7FZ [E8/3E RDMA B8, jEkk CPU 3L HA
SRR, SEM#E—SMRL, MAMIRST GPU ZIET S EMBEYER. A
TSEIX—1E, CPU #8 GPU #1 SmartNIC B RDMA i&{5. SmartNIC AT &
#Fiflal GPU N7F, EiZim GPU MEFEAEMIBWHIE. XM AEIRA GPU
DirectRDMA %K (#A[E 16 F7R)

| GPU
Memory

I System
Memory

GPU

Memory

System ]
Memory

PCl-e PCle

Network RDMA
v NIC

16 EF GPU DirectRDMA HI¥IE L4

18




ODCC-2021-05001 ///
BRI B éonce
& 17 27~ T GPU DirectRDMA FHAR1F GPU Bt eEIR = BIE LK X

B 10 fZ, XL R {F GPU DirectRDMA AR A HPC 1 Al N 2w
ZEERSY, 1B TRMEE, M T B,

30 3000

>

25 2500 + A

20 2000 -

* 8.6X b 10x

Latency (us)
lajlag s| Ismo]
Bandwidth (MB/s)

10 1000

: H_ZiW 0

04— . — . v 3 0 e
0 2 8 32 128 512 2K Mﬂ“ 1 4 16 64 256 1K 4K
L4
Source: Prof. DK Message Size (bytes)
Panda

Higher is Better

Message Size(bytes)

GPU-GPU Internode MPI Latency GPU-GPU Internode MPI Bandwidth

17 GPU DirectRDMA g€ (3B OSU)

4. HEHBEPOREHEIGAIPRE

4.1. FEEEMEMKFE

HEARAREHE S OPRERFSLIRIFEMSELE. AT SIRAE, &
AR RITIa1EH, RIRT4ERLF= BRI RS AR ETFIRREN
KEENIZREFRAEUANMETEE, ATRESBEILRSNRIREE. XEF
AR P AR U IR 2 AR e B 6, (BEK T BURBIRBRERIE. RAKE
ﬁﬁ?ﬁem%ﬁtT3"6;3!3’\]L%i)ﬁ%flzf?i-ﬂﬁﬁﬂﬁﬁf\u%ﬁﬂi%, (B KEF IR MR

M. ZiRAEREE KR OZERRSMAREM, Bzt
HEFXX/NENTEREN 8 £~ T Broadcom HIEHY TR B HE 10 R H#R

WUt P O a3 10,

16 Goyal, P, P. Shah, N. Sharma, M. Alizadeh and T. Anderson, “Backpressure Flow Control,” in Proceedings of
the 2019 Workshop on Buffer Sizing (BS '19), New York, NY, USA, 2019.
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High Precision Congestion Control,” in Proceedings of the ACM Special Interest Group on Data Communication
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18 Guo, C., H. Wu, Z. Deng, G. Soni, J. Ye, J. Padhye and M. Lipshteyn, “RDMA over Commodity Ethernet at
Scale,” in In Proceedings of the 2016 ACM SIGCOMM Conference (SIGCOMM ’ 16), 2016.
19 Zhu, Y., H. Eran, D. Firestone, C. L. M. Guo, Y. Liron, J. Padhye, S. Raindel, M. H. Yahia and M. Zhang,
“Congestion Control for Large-Scale RDMA Deployments,” in Proceedings of the 2015 ACM Conference on
Special Interest Group on Data Communication (SIGCOMM '15), London, United Kingdom, 2015.
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WMEME, BEReREROME, BNEMHE. BaHEARLAERIE—EEN
AEERERBEIMER, TEFEESFHREWCRNEFREN, BRELREREE
MERE, BELIFEBREEIHEERR . RIAERELBTIMIERITRLK, Xt
REAFL, BESEREFX SRARNERHKES, NTISH—EEENER.
MTRBERENHERD, AREFXSHFSARMNARRK, IHFHEER
HIBTIEFI BRI E G . ETIRIREFBERNAEREAN TERFHREEFXF A
RPREIE, MUNEUSSIHSELEMREE. B 25 B 75 —MEE3EEn
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24 Cho, I., K. Jang and D. Han, “Credit-Scheduled Delay-Bounded Congestion Control for Datacenters,” in
Proceedings of the Conference of the ACM Special Interest Group on Data Communication (SIGCOMM '17), New
York, 2017.
25 Handley, M., C. Raiciu, A. Agache, A. Voinescu, A. W. A. G. Moore and M. Wojcik, “Re-architecting data center
networks and stacks for low latency and high performance,” in SIGCOMM '17, Los Angeles, 2017.
26 Montazeri, B., Y. Li, M. Alizadeh and J. Ousterhout, “Homa: A Receiver-Driven Low-Latency Transport Protocol
Using Network Priorities,” 26 03 2018. [Online]. Available: https://arxiv.org/abs/1803.09615v1. [Accessed 22
May 2018].
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Y8R Clos Mk £, REBRLIFEN, BEANODRMA EITHERRETT
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SHEHE, REEMBEMEERRN 1052467, B 10°HEERRD, BxXFX
MEMAMREEPOWE, RBNBRELE, IERRINESITEELS
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2512k 55 255 7 if im 2 AR RUHL 2RI AR AT R T 1 2R — Nim O RYIKR O 73
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27 Huy, S., Y. Zhu, P. Cheng, C. Guo, K. Tan, J. Padhye and K. Chen, “Tagger: Practical PFC Deadlock Prevention in
Data Center Networks,” in Proceedings of the 13th International Conference on emerging Networking
Experiments and Technologies (CONEXT ’ 17), 2017.
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Discovery protocol exchange automatically
determines: Level 2

1. Topology level of devices in network
e 0 =End-station or server edge
« 1=leaf
. n+1 = Spine
2. Portorientation for each link
«  Uplink
= Downlink
e Crosslink

Level 1

HINT: Servers are always at level G with Level O

uplinks.
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CBD =, BE®E L FEIFTHREFX K. B 27 277 7T ERAIFRINEEE
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WAL OFE Qum OXT, 1Zim X EG A sEim A5 EEE PR =/, 2R
E AN TITHE RS B E [E)im O @3 B E 1T R E mlim O . FEEHEMLE S, R
DU\ TITHEES B RE (B QB B N TR S — PN Emm 0. &G, HREEE
HE/ME, BRI EITHEES E Blin D& 2 NTHR EEiR O .. RREW
EHEH, HFAESAEM LITHREAE Eim O & M2 E1THERg R 55— E [Eus O R,
AIRETFE— CBD.

Conventional CLOS Flows Rerouted CLOS Flows

down do - down o down
up: . 4 u up: X up X u
Level 1 Y Level 1

down! wn down /\v down down
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KRR HRED L (FIanZIT NEAZEFXAEF. HITH CBD, FEIF
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M= E1THERE R E [ R shE) LT B — N E@inO. & 28 WA T3
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re-routed traffic

.| —

isolated queue

!._“.> AN B BE—| monitored queue

normal traffic
28 1R#E CBD EEEHRIR A3 H LA T

ODCC 5iFZMEH M & EHI T, Wi T TRRBEE 2.

5.3. HEMEMIEM

AESRIHIESOF, BT RoCEV2 i IR LB REEFIN B 2 EETH
DEWHEE (DCQCN) 2, DCQCN 44 ECN 1 PFC, AL T KMIETTIR
AR OM4%. B 29 R/ T DCQCN BI=/ KM kM= (RP) « HES

(CP) FmBEN= (NP) o

28 Huawei, “Configuration Guide Low Latency Network,” [Online]. Available:
https://support.huawei.com/enterprise/en/doc/EDOC1100040243/c28a82e4/buffer-optimization-of-lossless-
queues. [Accessed 14 July 2020].
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53.1. RK& (RP)

ENMS (RP) AARIATHEBEEEIANNENERER, EBEELEMNF LI,
FAEMLE PN MER, T NP 2 HAHEBEEE (CNP) . H—1 CNP #
B, RP L RHBBIANENEZER. R RP EIEERIATEIREBYE CNP, &
£{$/f DCQCN IEEME N EAIRE L EIRE.

5.3.2. FHES (CP)

FAES (CP) BaAEXYEE (RP) FiZULE (NP) ZEIMIREZEFxt. 4
— N OB INIMZERT, CP fa3t A ECN #ricBiEE .. HERRT\EE ORI
BFIATECE BME (Kmin A1 Knax) IFETHER . ZHBAFIHKE /NT Kinin B, THRIEHR
2. BAIHKEART Kna B, FTERIAFINEIEEIBSWIRID . BATHEE
Kmin F1 Kmax Z [B]FF, #R#E DCQCN M EFRICHEEE, FERAFIHCERIZE MIEM.

5.3.3. B#s (NP)

BES (NP) fiRE—MNRERECEMEHBEFHERBN RP. HEH
ECN #RE R R S BIARBRET, InRAET A8 N M RIEE &% CNP #iE
&, M NP £¥ CNP HiEE %X RP. ATLUE N &4 0, XH NP sieAEN
WET ECN FREMBIEE L 1E— CNP.

P& R O MEIRT KRR ERIES, TEAEEIRERN T
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40 PFC {5 B fSEiEE {2at[a). XL PFC S2#—$IEIR T ECN fri2HiEE
BUfES, MMRICIEAY™EM. EXfIART, PFC f1 ECN HNEETELH.

HERRIX/E)E, AR NP %1% CNP HIEGHITME S it . &
REALELIEE R O O IR ZKE . #UKF ECN FRIZBIE B AIRTB)ERRE . RP 1
7 DCQCN iRZAATE][E]fR. U4Z ECN tri2#EBE, CP SIREFINE ECN R
CHBREIMENAEAFIIS., & CP HONFILEMER, CP AHESRIEE
W ZIH) ECN FRic 8LIRZR 1 RP &b DCQCN JRZR1# i a4 [8]FE AT 8], EFhAMFE CNP.
T CP ZLE#ARICHY ECN BiEEI#EIR, BRB1% NP HI/G4: CNP #iEE
SHWIH—SLIR, FUbihFEH CNP HIEE AT LARA Lbim 2] i 48 1SR B R 3
RAEY CP HOFIFERMER, FMITHIFE CNP #4E, Eitk® DCQCN %
EEIFRAERSTEITH, FEMEFHERNSZEIR M. BRTRIE 30 FiR.

ODCC Mk THEBEHFEIZTHINF, MRRF®. MRAERER, &
TCP:RoCE = 9:1 B}, M&EERTLAIRS 30%LA £

» b MU LELEEEET SRR e S LT B A B res
. - l e ' 4 -- i 1 Onginal CNP packet

AN
‘* L L [ l Supplementary CNP packet
r3 b= —
\< ; S el

Rate increase interval

30 EHEAMTE CNP

2 FEREE A AR EHEREZE 4. oDCC TR 4R AL HE[S/OL). dbat: FFE s bR HEHEEZE 2,
2020[2020-09-03]. http://www.odcc.org.cn/auth/v-1300974311558307841.html.
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30 Mozo, A., B. Ordozgoiti and S. Gomez-Canaval, “Forecasting short-term data center network traffic load with
convolutional neural networks,” PLoS ONE, vol. 13(2), no. e0191939.
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