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ROCEv2 + DCQCN (DC Quantified Congestion Notification)
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DCQCN - Priori ntrol In Action With RoCEv2
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Switch bandwidth doubles Tomahawk 5
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PFCIZOR L AD=OIZBE|IZ/NY D77 bE LT H gijﬂj Y s P

(2020)
N ] Tomahawk 3
i 150 (2018)

(2) Victim flows, congestion trees, PFC storms, and deadlocks £roo Tm;,‘("{?“ \
& - ] i) — - T - < > ° " ' ' 2.4 2048 409.6
BHEFIH—, BRYU—, PFRCAF—L, Ty FAYY T miien e Tt o
. . (a) Intra-datacenter per-switch headroom buffer.
(3) GO'baCk'N retran5m|55|0n _.10,,_(‘21uster Datace(ntersite
Go-back-NF 1% PR S
(4) Congestion control and colocation with other traffic 2.
REBHPMAR MO NS T v I EDHE
Wire Delay [us] (assuming 5 ns/m)
(5) Header sizes, packet rates, scalability (b) Varying distance per-port headroom buffer.
Ay 9“_.6_4 Z*‘ / {/7. W I‘ L— I‘ =z /7__ 5 t\‘ U 7—_ 7 Figure 1: Headroom Buffer Requirements.

(6) No support for smart stacks
AX—rRE YT FEHHR—F

(7) Security
X274«

8) Link-level Reliabilit
(8) U BH LA 15%%/,& “Datacenter Ethernet and RDMA: Issues at Hyperscale”, Torsten Foesler et al,
)z JLDASHA https://arxiv.org/abs/2302.03337 .



[i}%'ﬂ Ful dlriC |\_<J:5$E“§ Elﬁ

Uncongested Links of ) _
a Scheduled Fabric * Ingress Virtual Output Queue (VoQ) IZT. H

HAR—+rERTTa YD - DS X(TC)IETD

N7y bEBRT S

TN 7y kDB E . IngressVOQIE AR ¥ a—

JIZYDIRMEES

e AT TVa—FIZ&oTGrantant=/\4r v b+
FITNREEINSIDT, BEFE 5L

Ingress Leaf Spine Egress Leaf

33% 33% 33%

IO

o IO DFEIRICNHNY D alFEHLNLLY, /N
Ty bE. FDNTy FHAED T O—IZE
EF SN TWWAMNZEZRAE L. FIAETEE
HIRTDY) oo IZ8F(Spray) e b

o Ny LMD EgressTRIEIND &, EEF
IET 5 1=OIZBIERF{t(Re-order) SN 5
(All Reduce, All-to-AllDIHE . &HED
Ny FOBEIERITHABEIREIZES)

IR

https://www.cisco.com/c/en/us/solutions/collateral/silicon-one/evolve-ai-ml-network-silicon-one.html



22 2] Silicon One [CLAEEHE—RDRE

Standalone Mode Linecard Mode Fabric Element Mode

etherneg nedule
SC JA

atfoan)n
CISCO

Silicon One

atfranfn,
CISCO

stfoan]n,
CiIsCO

Silicon One

Silicon One

Ethernet Ethernet

Ethernet ECMP Fully Scheduled Fabric

Standalone HEEE=mmm=y ; ==nne Telemetry Fabric Element —— e —

Same
Hardware

Telemetry Linecard sESssmmm=® :

Ethernet
i |
indalone EEEEEE— e

Ethernet

https://www.cisco.com/c/en/us/solutions/collateral/silicon-one/evolve-ai-ml-network-silicon-one html




[Z#Z3] Silicon One 2% Silicon Photonics Bik—p

Co-Packaged Optics Demo @ OFC2023 ©

+ Cisco CPO proof-of-concept demo:
Cisco Silicon One™ 25.6T G100 X A v F ASIC
8x3.2Tb ¥ 4w & optics tile & XA v F ASIC & —1{K1t
64 x 400G-FR4 TILIEREA TT 4 VR R— b Z 702 F IARLIZHEE
TILF AR Z—OIFLFREBELSFPE S 2 —)L
PICIZE / 1) 2w 9 5 7%& optics Mux/Demux Z & &}
SHEE S ~5.5W/800G e/ A2 —a Y k
o Zoom in: System Demo

- _i
< >—Consum

Cisco 8111-32EH] [

Silicon
One
32x QSFP- | G100
B DD
2x400G-FRA

100x volume reduction
4x OSFP800 => 1x 3.2T CPO

QDD-400G-FR4|
3 Party

https://blogs.cisco.com/sp/cisco-demonstrates-co-package

Power

n Monito

https://blogs.cisco.com/sp/cisco-demonstrates-co-packaged-optics-cpo-
system-at-ofc-2023

A Survey on Silicon Photonics for Deep Learning

FEBIN P. SUNNY, EBADOLLAH TAHERI, MAHDI NIKDAST, and SUDEEP PASRICHA,

Department of Electrical and Computer Engineering, Colorado State University

Deep learning has led to unprecedented successes in solving some very difficult problems in domains such
as computer vision, natural language processing, and general pattern recognition. These achievements are
the culmination of decades-long research into better training techniques and deeper neural network models,
as well as improvements in hardware platforms that are used to train and execute the deep neural network
models. Many application-specific integrated circuit (ASIC) hardware accelerators for deep learning have
garnered interest in recent years due to their improved performance and energy-efficiency over conventional
CPU and GPU architectures. However, these accelerators are constrained by fundamental bottlenecks due to
(1) the slowdown in CMOS scaling, which has limited computational and performance-per-watt capabilities
of emerging electronic processors; and (2) the use of metallic interconnects for data movement, which do not
scale well and are a major cause of bandwidth, latency, and energy inefficiencies in almost every contempo-
rary processor. Silicon photonics has emerged as a promising CMOS-compatible alternative to realize a new
generation of deep learning accelerators that can use light for both communication and computation. This
article surveys the landscape of silicon photonics to accelerate deep learning, with a coverage of develop-
ments across design abstractions in a bottom-up manner, to convey both the capabilities and limitations of
the silicon photonics paradigm in the context of deep learning acceleration.

CCS Concepts: « Hardware — Emerging optical and photonic technologies; - Computing method-
ologies — Machine learning; - Hardware — Application-specific VLSI designs;

“A Survey on Silicon Photonics for Deep Learning”
https://dl.acm.org/doi/pdf/10.1145/3459009
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HPCC : High Precision Congestion Control
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HPCC: High Precision Congestion Control

Yuliang Li*", Rui Miao*, Honggiang Harry Liu*, Yan Zhuang*, Fei Feng®, Lingbo Tang*, Zheng Cao*, Ming Zhang®*,
Frank Kelly®, Mohammad Alizadeh*, Minlan Yu"
Alibaba Group*, Harvard University®, University of Cambridge®, Massachusetts Institute of Technology*

ABSTRACT

Congestion control (CC) is the key to achieving ultra-low latency,
high bandwidth and network stability in high-speed networks. From
years of experience operating large-scale and high-speed RDMA
networks, we find the existing high-speed CC schemes have inher-
ent limitations for reaching these goals. In this paper, we present
HPCC (High Precision Congestion Control), a new high-speed CC
mechanism which achieves the three goals simultaneously. HPCC
leverages in-network telemetry (INT) to obtain precise link load
information and controls traffic precisely. By addressing challenges
such as delayed INT information during congestion and overreac-
tion to INT information, HPCC can quickly converge to utilize free
bandwidth while avoiding congestion, and can maintain near-zero
in-network queues for ultra-low latency. HPCC is also fair and
easy to deploy in hardware. We implement HPCC with commodity
programmable NICs and switches. In our evaluation, compared to
DCQCN and TIMELY, HPCC shortens flow completion times by up
to 95%, causing little congestion even under large-scale incasts.

CCS CONCEPTS

« Networks — Transport protocols; Data center networks;

demand on high-speed networks. The first trend is new data cen-
ter architectures like resource disaggregation and heterogeneous
computing. In resource disaggregation, CPUs need high-speed net-
working with remote resources like GPU, memory and disk. Accord-
ing to a recent study [17], resource disaggregation requires 3-5us
network latency and 40-100Gbps network bandwidth to maintain
good application-level performance. In heterogeneous computing
environments, different computing chips, e.g. CPU, FPGA, and GPU,
also need high-speed interconnections, and the lower the latency,
the better. The second trend is new applications like storage on
high I/O speed media, e.g. NVMe (non-volatile memory express)
and large-scale machine learning training on high computation
speed devices, e.g. GPU and ASIC. These applications periodically
transfer large volume data, and their performance bottleneck is
usually in the network since their storage and computation speeds
are very fast.

Given that traditional software-based network stacks in hosts
can no longer sustain the critical latency and bandwidth require-
ments [43], offloading network stacks into hardware is an inevitable
direction in high-speed networks. In recent years, we deployed
large-scale networks with RDMA (remote direct memory access)
over Converged Ethernet Version 2 (RoCEv2) in our data centers

¢

adjusting flow
rates per ACK - —— - ——— -

Sender O

Figure 4: The overview of HPCC framework.

https://dl.acm.org/doi/pdf/10.1145/3341302.3342085
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T. Khan, S. Rashidi, S. Sridharan, P. Shurpali, A. Akella and T. Krishna,
“Impact of RoCE Congestion Control Policies on Distributed Training of
DNNs,” 2022 IEEE Symposium on High-Performance Interconnects
(HOTI), CA, USA, 2022, pp. 39-48, doi: 10.1109/HOTI55740.2022100021.



HPCC packet format
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Path Tracing - Packet Format

* |Pv6 Header
SA, DA, Traffic Class, Flow Label...

* |Pv6 Hop by Hop Path Tracing Option
MCD Stack
*  MCD: Midpoint Compressed Data
MCD.OIF: 8 or 12-bit Outgoing Interface ID
*  MCD.OIL: 4-bit Outgoing Interface Load
* MCD.TTS: 8-bit Truncated PTP TimeStamp

 |IPv6 Destination Option for Path Tracing
* T64: 64-bit Timestamp

e SessionID: 7B—J %49 5SRC/ —KMERET S
tyaVENF, ALty arnro—J#BEER
(TAHFE=HIZERSNS,

* |F_ID: 12-bit Interface ID
* |F_LD: 4-bit Interface Load

B s s S I T T S S S S S e S

| Option Type | Opt Data Len |
B ek e T T e e Tt P It i R ol e
I I
~ MCD Stack ~
I I
+-t-t-F-t-F-F-t-F-F -ttt -t-F-F-t-F-F-F-F—F—F-F-F-F-F-F-F-F+-F+-+-+

Figure 1: IPv6 Hop-by-Hop Option for Path Tracing (HbH-PT)

B s ek et T SR S R R S R R

| Option Type | Opt Data Len |
s e S e e S e S e e e e e =
I I
+ T64 +
I I
s e S e S e e e S e e e e S S e e e e
| Session ID | IF_ID | IF_LD |
s e S e e R P ek ot Sk S S St S S S S e e s

Figure 2: IPv6 Destination Option for Path Tracing (DOH-PT)

https://www.ietf.org/archive/id/draft-filsfils-spring-path-tracing-05.html
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HWHRF01E & Line Rate ALIE
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* 64 bit (Source Node, Sink Node)
* 8 bit (Mid Node)
R —5 TNV ETRIE

1Ll

* INT (In-Network Telemetry) : https://github.com/p4lang/p4-applications/blob/master/docs/INT v2 0.pdf
* IFA (Inband Flow Analyzer) : https://datatracker.ietf.org/doc/html/draft-kumar-ippm-ifa
* iOAM (In-Situ OAM) : https://datatracker.ietf.org/doc/html/rfc9197

16


https://github.com/p4lang/p4-applications/blob/master/docs/INT_v2_0.pdf
https://datatracker.ietf.org/doc/html/draft-kumar-ippm-ifa
https://datatracker.ietf.org/doc/html/rfc9197

SRv6 for Data Center

- @D T—43 T L— > (Access, Backbone, DC Fabric, SmartNIC/DPU, Computing... )
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HPCCD 1= D Timestamp /N1 +#HEid  (Path Tracing)
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[*IScalable Hierarchical Aggregation Protocol



Conclusion
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