GPU Architecture
Design Guide

Manager | Hewlett Packard Enterprise




HAIAE 0|0|7], 29 FE S A2 HAIHOI

APPLICATIONS

TEXT GENERATION
ARTIFICIAL A
S = e INTELLIGENCE Generation
Text HTML Code Tables Apps pata  Files

Classifcation

Summarisation Translation

Research Content Editing
MACHINE

LEARNING

Generation
DEEP Editing
LEARNING

Generation Editing

GENERATIVE Al

Game Assets

TASK GENERATION FINE-TUNING

Agents Automation

Virtual Assistants



Should you build or buy
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What model do you need?
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Workload solution parameters

Al = Inference Al = Training

i [ 4
- L -

xecute under

Al model characteristics

Gen ML{GAN), Transformers,
Encoder-Decoder, Transfer Learning,
Diffusion RAG

Model o NA Knowledge Graph, Weights / Biases, Discriminative ML (SVM, Random Forest)
techniques Rules/Constraints RLHF Deep Learning / Neural Mets (cNM, fNN, rNMND)

Examples MNA MNA DeepBlue, XCON AlphaGO Kaldi ResNet, Waymo BERT Dolly, DALL E-2 GPT-3, Llama-2

# parameters MNA MNA 210K <500 M 1-20B =40 B

_—_—___—_—__—_—__—_—__—_—_—_—_—_—_—_—_—_1

# GPUs* MNA -1 0-1 1-2 1-2 1-10 >100 I

Trg. data size? MNA MNA =5 GB <20 GB 05-5TB 01-1TB 1-15TB

Storage characteristics

Capacity® NA [Depends on scale] <17TB 05-5PB

Max. Latency* <100 ms <50 ms <20 ms <50 ms <10 ms

# parallel clients NA MNA <100 500 - 1,000 1,500 - 2,000 1,500 - 2,000
Iops® <10 K <10 K <10 K 10-20K 220K =40 K

Storage energy 2 -3 watt/TB 0.5 - 1.5 watt/TB 2-3watt/TB 0.5 - 1.5 watt/TB 0.2 - 0.5 watt/TB

HPE ProLiant | Apollo | HPE Cray EX / XD - Supercompute/HPC
HPE Aruba Networking | Nvidia Ethernet | InfiniBand | Cray Slingshot




Cluster Architectures
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Rail-Only Architecture

Feeder

Back-End Fabric - 9300/8325

Note: the
Front-End
Back End fabric can be
. comprised of
Fa br|c most of the CX

Rail 1 ' Rail N

BF3 BF3' BF3 BF3

HPE
Storage

10



Rail-Optimized Architecture
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Server Initiator Server Target

Remote Direct Memory Access (RDMA) lemm selcoton | Application WA N
. : Sockets I Sockets " Buffer |
IB, iIWARP & RoCE ' many buffer memory
miEITransport Protocol I Transport Protoco (N A
* InfiniBand (1B
. YSEEHIIEMOZRDMASE XSl ZTZ2ES
. SIE7|=S XSt MENC Y AQX|7IE R e Traditional data transfer
Server Initiator Server Target
" Buffer | Application Application '~ Buffer |

= RDMA Over Converged Ethernet (RoCE) Socker _
ockets ockets direct read from or
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" Internet Wide Area RDMA Protocol (iWARP)
. RDMA over TCP— RDMA S F &0l A Tcp T2 E 2 AL ook oo Pt A OFA (Open Fabric Aliancs) Stack
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RoCE

RDMA over Converged Ethernet

RoCEL IBTAO{|A] H 2|
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 RoCEv1E= EtherTypeOfl RoCE/IP = A 2l(IB GRH - (0x8915)) St 1! IB GRH &f L 2f 1B
MEsEEsS ||:-|l:|| J_LEHOIOEAH)\-I

e ROCEV2:IBGRHE= IP/UDPS|CIZ CHNSIT IBL4 S|t IBRLS R 22 e

HEtRE K| J) & F&4 252 2(THDeB 29X 2| EfE T A|(A )0l A

PFC & ECN A2

e DEO|IHYU KM AHE 7S : 10/25/40/50/100/200/400 GbE

E—

RDMA Application/ Upper layer Protocols t
RDMA API (Verbs) Software
RDMA Software Stack il
s
B B B
Transport Transport Transport
Protocol Protocol Protocol
Typically
UDP HW
IB Network Layer IB Network Layer B
1B Ethernet Ethernet
Link Layer Link Layer Link Layer v
InfiniBand RoCE RoCE
1B Ethernet Ethernet/IP
Management Management Management
Roc EV]- L3 Packet Maximum Transmission Unit I

22 bytes £s 12 bytes

t 1

Ethertype indicates that Base Transport Header
packet (i.e. next header) is Opcode: transport type, etc
IP (Routable RoCE) Dest Queue Pair: QP receiving end

Packet Seq Num: reliable transport

L2 partition key: pkey = VLAN ID
etc.

ip.protocol_number
indicates the packet is UDP

UDP destination port
number indicates next
header is IB.BTH
Port 4791 specifies RoCE

EtherType indicates

RoCEv2 that packet is RoCE
(i.e. next header is IB GRH)

RoCE

o
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EtherType indlcaté‘s { AN

that packet is IP UDP dport number Indicates

(i.e. next header is 5 protocol number  that next header is IB.BTH
IP) indicates that packet is UDP

end FCS. Offers
protection beyond
Ethernet FCS

ROCE 32 bit end-to-

Hop-by-
Ethernet
hop CRC

. IBPayload @ | ICRC
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RoCE

a lossy or a lossless network

» |ossless 7F RoCE 2| 2% 2 OfL|L}, ES| B517} Mol FOIP i1 iscsl G iSER L iwaRe ©\ RoCE i RoCEV2 '
7=| O ., DCB 9|-7=| 01|A-| PN JSI % : a o o Appliations A H = :

Fabric Lossy(TCP) Lossy w/ QoS

802.1Q Tagging No No Yes S F | :

ECN(Z2T 2 E) Yes Yes Yes ' ' ) ] = . '

PFC(BE J‘1I01) No No Yes

= RoCEvl 3 RoCEv2 — PFC A

TCP/IP TCP /1P UDP/IP

- 2= MY HO[HHA ZEO 7|5 ¢ . :

» RoCEV2 2% J_-'Fﬂl (RCM)= IP ECN (Explicit Congestion
Notification)= X| &l. - 7}%3.) AL UA| X E gtX|/
dAaA7|= § =3 DCB Ethernet networks support the most efficient remote storage technélogies
* RoCESt OFEHILX| 2 RocEv22| 7|2 LIEQ T E REAR
M SlLF B A AlIO 9| x-'- A)kl oL rt=
o|d|= otd
iority- Y Y Y 9300/10000/8325/8360/8100
. RoCEv2 M4 T2 EZ0|= EH 71 XA & =3| 7} Li& = Priority-based Flow Control (PFC) es es es / /8325/ /
AEHRAANEFEAHNE MY HAHLS |%(OE|H_|'&||9§ Enhanced Transmission Selection (ETS) Yes Yes Yes 9300/10000/8325/8360/8100
HW01|*1 ToE|H AT EQ0] ARO[ JHY BlO| &HE WIS
21817 Q8| &) Data Center Bridging Exchange (DCBX) Yes Yes Yes 9300/10000/8325/8360/8100
VR =N |:I|E-?—.|:_-101| [t @ L AlStL TjHE2l HE2 o2 Quantized Congestion Notification (QCN)  Yes No Yes No
QI3 RocEv2 THZ] =4 S & X|5t= AS |8 IP Explicit Congestion Notification (ECN)  No Yes Yes 9300/10000/8325/8360/8100
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DCB

Data Center Bridging

|
IEEE 802.1Qbb - Priority-based Flow Control (PFC) Explicit Congestion Notification (E N)
= PRCE L M =R E SEHECEN S A=A YHESE = MH I SLHOM L= 282 =4 MHO|A A2 Mz Y E
XN HFHL| S (DcB 22 X[ 2] HW T THR 2] pause 2Hd =} s AA MHO|AM E|T 2t 7=|7|-
= DCB HER| A 2| FH|= Qlot &=4HS &KX
= 802.3x flow control 9|_ Hl — St )55._ Ol |:_| Ell OIAl 7~ xl J_._E."0| =3 X‘”—'— Congestion Notification Packet: ECT(1) (‘01'): 2% & &
= CHY S2[H A0M Z| T8 7o 7t HAE EE= YA W2 opy| 9 B A
SK[SEALE CRAl A2 o= QO M2 T 2] &4, v CE bit 4% (11)
—— " : | 2 Reaction Point(RP) ECN 2-d3} Congestion Point(CP)  Notification Point(NP)
; ECN g3} ECN 23} ECN gz}
‘ & MH 7hecN 23t & o A
IEEE 802.1Qaz: Enhanced Transmission Selection (ETS) = |P 5| Diffserv 2= ALE
» EjE SeiA0 Y= o2 ol &of| 2 E3t
= WRR(Weighted Round Robin) o| 7t=X|E 0| ME3510{ Ecliy Renblis Code) 8 23
% EHﬁ [H Q:II:I'; X-” 0-| 00 Non ECN-Capable Transport, Non-ECT
IEEE 802.1Qaz: Data Center Bridging Exchange (DCBx) 01 ECN Capable Transport, ECT(1) = E EcN 2det
» O|2S= 8K 7|ls s E Sl TS Wzl 10 ECN Capable Transport, ECT(0) L E gcN 23t
= 802.1AB LLDP 2| TLVs(Type-Length-values) At-& 11 Congestion Encountered, CE SE e

» ETS 7t 2 H3tE | =CcNA G ZE ZE L
= 011}102 = Lot o|O)
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Recipes for RoCE Fabrics

=X : https://enterprise-support.nvidia.com/s/article/recommended-network-configuration-examples-for-roce-deployment

Fabric Attributes

Fabric Configuration Lossy fabric

Lossy fabric with QoS

Lossless fabric

Ease of deployment

Recommended for Minimal fabric configuration

Large scale with mixed traffic
(TCP/UDP and RoCE)

Uncompromised performance over large scale
Storage deployment with heavy back-pressure
from PCI*

Trust layer for QOS/PFC** N/A L3(DSCP) L3(DSCP)
VLAN required No No No
ECN (congestion control) Yes Yes Yes
PFC (flow control) No No Yes

* PCI backpressure can occur when working with multiple storage devices or when oversubscribing ports to PCI (2x100G links on 16-lane

PCI gen3)

Confidential |
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Infiniband vs. RoCEv2 7|= H|1l

Infiniband 7} SOt 4 5/&F M O|Lt RoCEV2E £E2 EF M

|
InfiniBand Ethernet
HNZEASTE 7|2 -F82 35 84 (Nvidia) N 55 7|8 - HE| I X[ 2 . .
o Infiniband & RoCEv2

1BO&M T & A| A H IP L ERT o&Mm AAE(Df7 Y, SDN, 2T EE.)
- InfiniBand 7|t A ¥ QIS L EQAQLO|EHI 7| . HAC U THENC A ZHAHYEYA R Infiniband - =e=RoCEv2

ShAIZHE OIE Y EQIS BeloteiB A= FOIA O[S AFSSID 2 2 Y4 BEHY R

ChE 2 7= 2a. - 28 384 - SEotEYololEul 2F /| oY
* InfiniBand U ER{E 2F/&2| MotA 21
Z|CH 400Gbps Z%|CH 800Gbps
1 &0 B2 T 7| A|ZH( End-to-End Delay 2us) CtA =2 Cf 7| A|Zt ( End-to-End Delay 5us)
RDMA RoCEVI/V2 ZE2EEZEZ K| & E|+= RDMA
InfiniBandOfl | &l AE FEANESEXOEFEE  DB7ISLE F&HO|HU HER]A 75
MHEYD =Y
Credit-Based flow control Mechanism PFC, ECN, DCBX & QOS.
Forwarding based on Local ID IP-Based Forwarding
Packet-by-packet Adaptive Routing ECMP Routing
BASIK| U iBNIcE R0 M2t O £ 5|8 B8 BEX0|0 BF 0| A9/%| X NICE AHS
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RoCE

AE X[ H al/cpu S AH 2F0M 2 d5o| AFE X OO|H Z2 M X &
= UHIMOIRoCE 7| AFR S TCP/IP EC ZE2 MM 228 M0| H 51 E3| 287 58 MH 0| A RoCEE AFE 8™ RoCEL| CPU
%%%7¢§0MH@MWHLﬁﬁHﬁ%:ééW@%%IﬁEWE%
= ETS 3 RoCEv2 2%} 22| (RCN)E F7SHH RoCE A 2| 20| TA | 10 CH 7| A|ZH(latency) EHE
. HE| HIE 812 A|Q
RoCE vs. TCP Sequential Bandwidth vs. Average Latency RoCE vs. TCP Random IOPS vs. Average Latency
g - - .
% :: 5 . 8,534,708 =-i°‘§
;3:///:/ S 4,000,000 A0
’,r:// 2 1,000.000 -
7
% o B o.0n
UHIH O 2 RoCEE O 2 EH7I AlZH O L2 Y =2 Mls TCP = Read IOPS é%% RoCE 9| 2/3 & Write I0PS &2 %AWM

UHH O 2 2 Jatency Of| A O LE2 10PS | S
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HPC / Al Cluster InfiniBand to Ethernet Migration

HPC Al/Cluster Test

System block diagram — 8 NVLink GPU
4 x HPC / Al Racks
64 x 200Gb Ports SRR

Currently Infiniband connectivity using Mellanox Switches

2 x CX9300 switches

32 x 400Gb Switch Ports -> 64 x 200Gb NIC Ports

16 x 400Gb ISL (no oversubscription allowed)

2 x 9300-32D switches can interconnect 4 x HPC / Al racks

16p 400Gb —~—16p 400Gb

o4 for Server = i for|SL 5 =

16p 400Gb —16p 400Gb

4e for)Shin s sk fopSemers. =
(16 links) DI

QSFP-DD

i : ——— : [ —
? QSFP56 QSFP56 [utum][n;mn] [nvLm]In-uLm] [ul.m][-ulutn] [M.La][n:-m] [n.;m]

MLX MCX623105AS 200GbE 1p QSFP56 Adptr MLX MCX623105AS 200GbE 1p QSFP56 Adptr
(P10180-B21) (P10180-B21)

8 x Apollo 6500 Gen 10 Plus XL675d Servers
32 x Connect-X 6 200Gb NI

: Confidential |
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Al/GPU 2 {AKE

Lossless network fabrics

- DOjo| &5 (AKX, Q2 BE 5)
- 100G, 200G, 400G or beyound

» 2 =4 If{H ] (Lossless Fabric)
Spine-1 ]
- RoCEVI/V2 BRI L, e . 2t Jol x|t 3//xA BHE 39 XY
Jl= : SiCto 2 1 7] HIH 2l X| XS
- QOS |o 7 :Y\.-; :Y\.-; 1 EO—E‘U'HAH-lJ'L-IO—’—l_Igl-
— [} .
- bcB 7S ; L8 ; T T I A e .
; o : Iz : I 4 Priority-based Flow Control (PFC) |
= Low Latency : SABEL = 100 5l 13 S 100
Il O _E olc HEQTg MO AlZ i SEiE A
e AE-F-AUEHEHI Bw Al ' °le ! N %/ IP Explicit Congestion Notification (ECN)
= Non-Blocking 2323 Downlink : Uplink {©G o |
- No oversubscription A él'" g\ T ii """"" A /;" *':L Enhanced Transmission Selection (ETS) i
- < /2 ettt
. 5 = ]
" Load Balancing =LJ2 Non-Blocking T TTTTTTToToToooosoooooooosoeooooooooooo

Data Center Bridging Exchange (DCBXx)

) — /N % ;
- L2 or L3 ¥ Z(Equal Cost Multipathing) =h - i N PFCAHE BAS Q[SHpeBx Tvs HE |
S o ' mo SIS i
F YEYA RE - 2xo| ojgt 2E ’ = S| isecwrmas
- Single - tier
- Spine — Leaf Architecture Sender or Sender or Sender or Sender or
Receiver Receiver Receiver Receiver
NIC NIC NIC NIC

: Confidential |
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Al/GPU 22| AH
HEY3 A=

= PCle 7/|&
- Slot Capacity
- GPU,NICS& ¥ Z &= Pcle 29K

o

- PCle lane bandwidth 7| = Giga Bytes
per second

= PCle &X| ==
- M| LH| Ch== 71 2| pcle HA| = (GPU
Z 2 NIC)

= HPE DL server with PCle support

E—

Standard

PCle 3.0 x16
PCle 4.0 x16
PCle 5.0 x16

o N

Specification

16 Lane Bandwidth (Single Direction)

16GB/s (Max Bandwidth per lane: 1GB/s) 128Gbps
32GB/s (Max Bandwidth per lane: 2GB/s) 256Gbps

64GB/s (Max Bandwidth per lane: 4GB/s) 512Gbps

PCle 3.0 X16 (e.g Gen 10)

1 x 100G
2 x 100G
4 x 100G
8 x 100G

Genll

80x PCle Gen5 lanes /socket

PCle 4.0 X16 (e.g Gen 10 Plus)

2 x 100G or 1 x/ 200G
4 x 100G or 2 x/ 200G
8 x 100G or 4 x/ 200G
16 x 100G or 4 x/ 200G

Gen10 Plus

64x PCle Gen4 lanes /socket

Bandwidth in Gigabits/S PCle Network Adapter

1 x 100G
2 x 100G or 1 x/ 200G

4 x 100G, 2 x 200G, 1x
400G

PCle 5.0 X16 (e.g Gen 11)
4 x 100G, 2 x 200G, 1 x400G
8 x 100G, 4 x 200G, 2 x400G

16 x 100G, 8 x 200G, 4 x 400G
32 x 100G, 16 x 200G, 8 x 400G

Genl0

48x PCle Gen3 lanes /socket

Confidential |
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CPU

GPU 22{AE 7|dlo| EQ A2

AH 2 8GPU

|
= A = A e TE A PCl Express topology
SMNH =  BerPusr PCle Gen % 100G ZE =
8 64 PCle 3.0 64
32 256 PCle 3.0 256
128 1024 PCle 3.0 1024 Root complex
bridge to
_ PCI/PCI-X
SME =  BcruF PCle Gen % 2006 LE
8 64 PCle 4.0 64 PAPCEX
32 256 PCle 4.0 256
128 1024 PCle 4.0 1024
SMH =+ Bceru PCle Gen % 400G ZE \Ge /@ \Gm &
8 64 PCle 5.0 64 , .
32 256 PCle 5.0 256 i
]
128 1024 PCle 5.0 1024




NVIDIA(1/2)
ConnectX-7 400G Adapters

Product Sepccification

Supported network protocols

InfiniBand,
Ethernet

InfiniBand speeds

NDR 400Gb/s, HDR 200Gb/s, EDR 100Gb/s

Ethernet speeds

400GbE, 200GbE, 100GbE, 50GbE, 25GbE, 10GbE

Number of network ports

1/2/4

Host interface

PCle Gen5, up to x32 lanes

Form factors

PCle HHHL, FHHL, OCP3.0 TSFF, SFF

Interface technologies

NRZ (10G, 25G), PAM4 (50G, 100G)

: =X https://nvdam.widen.net/s/csf8rmnqwl/infiniband-ethernet-datasheet-connectx-7-ds-nv-us-2544471
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NVIDIA(2/2)

MELLANOX ADAPTERS - Comparison Table

Class Feature ConnectX-3 | ConnectX-3 Pro | ConnectX-4 | ConnectX-4 Lx | ConnectX-5 | ConnectX-6 | References and Notes
. 2 ports of 100/56/50/40/2 |2 ports of 10/25GbE 2 ports of 100/56/50/40/2 |2 ports of 200/100/56/50/ | Note: There various of adapter cards. Some OPNs for example could be speed limited, e.g.ConnectX-4 FDR
Interface Port/Speed options 2 ports of 10/40/56GbE |2 ports of 10/40/56GbE |y c\e 1 port of 40/50GbE 5/10GbE 40/25/10GbE (that won’t link up EDR) or Connect-IB that is x8 only and not x16.
x16 Gen3 2x Gen3 x16
Interface PCle x8 Gen3 x8 Gen3 x8,x16 Gen3 x8 Gen3 X16 Gend Gend x16
Interface PCle Switch PCle x16 PCle x32
Coherent Accelerator Proc IBM - Coherent Accelerator Processor Interface (CAPI)
Interface - - - - Supported (v2) Supported (v2) http://openpowerfoundation.org/blogs/interconnect-your-future-mellanox-100gb-edr-capi-infiniband-and
essor Interface (CAPI) -
-interconnects/
IB RDMA / RoCE 1B RDMA / RoCE IB RDMA, RoCE* 1B RDMA, RoCE 1B RDMA, RoCE RoCE 1B RDMA, RoCE 1B RDMA, RoCE RDMA/ROCE Solutions
RDMA/RoCE Solutions
. Understanding RoCEv2 Congestion Management
RoCE RoCE Congestion Control |- Supported Supported Supported Supported Supported RoCEv2 CNP Packet Format Example
HowTo Configure RoCE Congestion Control for Windows 2012
. Exploited by FCA and extended by Mellanox SHARP technology.
| ®
HPC CORE-Direct Supported Supported Supported Supported Supported Supported http://www.mellanox.com/related-docs/whitepapers/TB _CORE-Direct.pdf
GPU Direct Uses PeerDirect.
1l ®
HPC PeerDirect Supported Supported Supported Supported Supported Supported http://www.mellanox.com/page/products dyn?product family=116
HPC Dynamically Connected Tr - - Supported Supported Supported Supported http://www.mellanox.com/related-docs/applications/SB Connect-IB.pdf
ansport (DCT)
LRO = Large Receive Offload.
CPU Offloads Stateless Ethernet offload |Supported Supported Supported + LRO, LSOv2  |Supported + LRO, LSOv2 |Supported + LRO, LSOv2 |Supported + LRO, LSOv2 |LSO = Large Send offload.
See MLNX_OFED User Manual for more info.
CPU Offloads RSS (MAC, VLAN 5 Tuple) [Supported Supported Supported + Supported + Supported + Supported +
Virtualization SR-IOV Supported Supported Supported Supported Supported Supported Virtualization Solutions
Virtualization Multi Host - - 4 hosts 4 hosts 4 hosts 8 hosts http://www.mellanox.com/page/products dyn?product family=210&mtag=multihost
Describes whether the adapters can run the OVS data-plane in HW. Supported meansthat at least matchi
Open V-Switch (OVS) |0OVS Offload - - - Supported Supported + Supported + ng for a specific flow is performed in HW. Supported+ means that HW Encap/Decap is also included.
See http://www.mellanox.com e/asap2
VXLAN / NVGRE ENEVE | VXLAN / NVGRE ENEVE
Overlay Network Stateless offload - Supported VXLAN / NVGRE / GENEVE |VXLAN / NVGRE / GENEVE / /6 / NVGRE/ G Virtualization Solutions

and FlexParse

and FlexParse

Overlay Network

(VXLAN/NVGRE) Encap/Decap (in HW) - - - Supported Supported Supported
Reed Solomon Erasure Coding hardware offload is supported by the adapters.
Storage Erasure Coding Offload - - Supported Supported Supported Supported Verbs APl areavailable.
nderstanding Erasur ing Offl

T10/DIF Signat Hand
Storage er fUF Slgnanretiandor . - Supported - Supported Supported HowTo Enable T10-PI (T10-DIF) Data Integrity Protection in ISER with LIO Target

NVMe oF Target Offload
Storage (also for Burst Buffer) - - - Supported Supported +
Storage Host Chaining - - - - Supported Supported
Cloud Integration Mirantis Fuel Supported Fuel Z.0/8.0 Supported Fuel 7.0/8.0 Supported Fuel 8.0 Supported Fuel 8.0 Supported Supported Cloud Solutions
rl\]/tledla & Entertainme Packet Pacing - - Supported Supported Supported Supported
Security Secure Firmware update |- - Supported Supported Supported Supported
Security Secure Booty_ _ , Supported

=N

: httbs://enterprlse—shpport.nvndla.com/s/artlcle/mel

lanox-adapters---comparison-table
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http://www-304.ibm.com/webapp/set2/sas/f/capi/home.html
http://openpowerfoundation.org/blogs/interconnect-your-future-mellanox-100gb-edr-capi-infiniband-and-interconnects/
http://openpowerfoundation.org/blogs/interconnect-your-future-mellanox-100gb-edr-capi-infiniband-and-interconnects/
https://enterprise-support.nvidia.com/s/article/rdma-roce-solutions
https://enterprise-support.nvidia.com/s/article/rdma-roce-solutions
https://enterprise-support.nvidia.com/s/article/understanding-rocev2-congestion-management
https://enterprise-support.nvidia.com/s/article/rocev2-cnp-packet-format-example
https://enterprise-support.nvidia.com/s/article/howto-configure-roce-congestion-control-for-windows-2012
http://www.mellanox.com/related-docs/whitepapers/TB_CORE-Direct.pdf
http://www.mellanox.com/page/products_dyn?product_family=116
http://www.mellanox.com/related-docs/applications/SB_Connect-IB.pdf
https://enterprise-support.nvidia.com/s/article/virtualization-solutions
http://www.mellanox.com/page/products_dyn?product_family=210&mtag=multihost
http://www.mellanox.com/page/asap2
https://enterprise-support.nvidia.com/s/article/virtualization-solutions
https://enterprise-support.nvidia.com/s/article/understanding-erasure-coding-offload
https://enterprise-support.nvidia.com/s/article/howto-enable-t10-pi--t10-dif--data-integrity-protection-in-iser-with-lio-target
http://plugins.mirantis.com/docs/m/e/mellanox-plugin/mellanox-2.0-2.0.0-1.pdf
http://plugins.mirantis.com/docs/m/e/mellanox-plugin/mellanox-plugin-3.0-3.0.0-1.pdf
http://plugins.mirantis.com/docs/m/e/mellanox-plugin/mellanox-2.0-2.0.0-1.pdf
http://plugins.mirantis.com/docs/m/e/mellanox-plugin/mellanox-plugin-3.0-3.0.0-1.pdf
http://plugins.mirantis.com/docs/m/e/mellanox-plugin/mellanox-plugin-3.2-3.2.0-1.pdf
http://plugins.mirantis.com/docs/m/e/mellanox-plugin/mellanox-plugin-3.2-3.2.0-1.pdf
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Al/GPU DCN DESIGN OPTION 1: TWO TIER SPINE/LEAF (400G)

» Small to medium-sized data center

e 16-64 Nodes : Spine: 5960, 32*400G
Leaf: 5960, 32*400G

400G Spine 400G Spine ) )
ﬁ -------- — Leaf ports Leaf Speed Inter-switch links  Leaf
128 400G 128 8 4
16 uplinks
16 down links 256 400G 256 16 8
512 400G 512 32 16

e 32-128 Nodes: Spine: 5965, 64*400G
Leaf: 5960, 32*400G

Leaf ports Leaf Speed Inter-switch links  Leaf Spine

* 128 to 512 physical leaf ports, 16764 Nodes with 8 x GPUs 256 4006 256 16 4
512 400G 512 32 8
e 256 to 1024 physical leaf ports, 32128 Nodes with 8 x GPUs
1024 400G 1024 64 16

E— | 2



Al/GPU DCN DESIGN OPTION 2: TWO TIER SPINE/LEAF (400G)

» Medium to large-sized data center

e 32-256 Nodes: Spine: 5965, 64*400G
400G Spine 400G Spine Leaf: 5965, 64 *400G

2 uplink . .
gz gg\::n finks Leaf ports Leaf Speed Inter-switch links  Leaf
@400G
256 400G 256 8 4
512 400G 512 16 8
1024 400G 1024 32 16
2048 400G 2048 64 32

* 256 to 2048 physical leaf ports, 327256 Nodes with 8 x GPUs

* Lesser hardware required at Spine tier, low hardware failure risk

E— |
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Al/GPU DCN Design OPTION 3: TWO TIER, HIGHER-DENSITY SPINE (100/400G)

» Medium to large-sized data center

e 32-256 Nodes: Spine: 12908E+ 6*24*400G H2 Modules
Leaf: 5965, 64 *400G

400G Spine

32 uplinks :
32 dow

400G Spine

Leaf ports Leaf Speed Inter-switch links Leaf Spine

256 400G 256 8 2
512 400G 512 16 4
1024 400G 1024 32 8
2048 400G 2048 64 15

* 256 to 2048 physical leaf ports, 32~256 Nodes with 8 x GPUs

* Even lesser hardware required as compared to box-box design
* Flexible connectivity option at the Spine tier i.e 100G/400G on same chassis
*  Fully redundant hardware design at spine tier

: | 28



Al/GPU DCN Design Option 4 : Single Tier (100/400G)

> 1 tier architecture with 12900E chassis switch

100G /400G
Direct NIC links

GPU clusters

*  More than 700 * 100G Port for single tier
* Fully redundant lossless design
*  More than 70% interconnect cables reduced
* Flexible scalability options:
--Move to two tier architecture (recommended)
--Use another 12900E chassis & connect the two in DRNI

E—

Leaf ports Leaf Speed H2 Modules Switch
144 100G 4*36*100G 12904E X
288 100G 8*36*100G 12908E X
384 100G 8*48*100G 12908E H2

400G AN AR
768 Breakout 100G 8*24*4*100G 12908E H2

Leaf ports Leaf Speed H2 Modules Switch
192 400G 8*24*400G 12908E H2
96 400G 4*24*400G 12904E H2




HPE Aruba Data Center Use Cases

A E = E.I
GIOIE1E] LI =23 = Aruba CX 9300-32D
Aruba CX 10000 W|th AI\/ID/Pensando )
MH L AE2|Z|2 2|5 Server ToR 14| 100/200/400G Spine
1Ms 100 - 400G Lea1c Spine
L2/3 VXLAN, EVPN, DC|, DCB, 222
o 712 Rack/POD, s o) HEHE b7

s et S i . 5
el | TH20]| SEA| 2t
/ \ AI=otE I 22! @A ER{o|M

Aruba CX 10000 Aruba CX Aruba CX 93005-32C
10/25G SAHS AH|A 8100/8360/8325 Aruba CX 8325

A=
10/25G, s D& MEH 10/25/100G AE2|Z| 2| A3} 100G 1M s

Hotd =2 i HPC, Spine-Leaf A#|Y O}
ZTNA, PCl, 22/42, 74 Al JlE{Z2lo|R 93 2E HRl/BEZ AE2A CSP, NFV, ML/AI, NVMe
ERP, CRM, MISFT, VMW - NAS, SDS, Flash, HC] -+
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