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Al Data Centers

Introduction and design options
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Lifecycle of an Al Model
Gather data

Data gathered from various sources is
cleaned, and verified for reliability and
consistency. It is then prepared and curated
to be used by the training model.

Inference

The trained model is
deployed on inference
clusters to provide actionable
outcomes from user inputs.

Training

Al model is trained with the
curated dataset and deep learning
framework on GPU clusters.
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Al/ML DC Network Infrastructure - Building Blocks

Front-End Networks Shared Storage Pools

* Inference clusters

* Shared storage pools
» Used for access, data movement, etc.

Front-End Networ
(Traditional DC
Architecture)

Back-End Networks
* GPU Compute Fabric

* Connects GPUs/Compute in training clusters
and storage clusters
» Dedicated Storage Fabric
* May be sometimes converged with Compute

I?\lack-Enlc(i Ethernet
OOB Management Network (:mgé RoCE
Infiniband

Requirements)

Al front-end and back-end networks have different, unique requirements
HPE L0Re




RDMA Transfer using ROCEv2

ML-Server-01 ML-Server-201

O Application

Application

Receives completion notification

O Initiates Transfer

NIC

O Creates multiple packets, pulls
data directly from GPU memory

NIC
O Receives packets and writes
payload directly into GPU
memory
Generates completion
notification

HPE.D5RE



- scale out architecture

ign

d Des

imize

Al DC - Rail Opt

GPU compute nodes rail optimized — stripe-2

GPU compute nodes rail optimized — stripe-1

Each server each with 8 x GPU

Each server with 8 x GPU

4000

QFX5241-64cd

QFX5241-64cd
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512 GPU Cluster, QFX5241-640D Leaf/Spine - 1:1

4 )

16 x 400G
Spine:

Leaf: 1x400G . Four wide spine build
QFX5241-640D/QD . 128 x 400G per switch using
Interfaces: ' QFX5241-640D ToR and Spine

64 x 400G GPU facing
64 x 400G Fabric facing

- )

S =Server#
G =GPU#




2048 GPU Cluster, QFX5241-640D Leaf/Spine 1:1 (non oversubscribed)

Leaf:
QFX5241-640D/QD x 8 per Stripe Spine:
4 x Stripes ( each stripe with 8. * QFX5241-640D) 4 x 400G ) .
Total of 32 x QFX5241-640D leaf/ToR e S Gt D D sl
. Sixteen wide spine build
Interfaces: 1x400G 64 x 800G per switch
64 x 400G GPU facing P
32 x 800G Fabric facing
[ Spine-1 ] [ Spine-2 ] mEEERERRREEL [ Spine-16 ]
S =Server#
G =GPU#
T T m T m Ty |
1
| [ ST1-5W1 ][ ST1-SW2 ] .[ ST4-SW1 ][ ST4-SW2 ][ ST4-SW8 ]I
1 ! :
Stripe-2 Stripe-4
..... ([ s128-Gs | ( s193-G8 |- | s256-G8 |
[ s1-G1 }-[ ses-G1 | ( ses-G1 }-[ s128-61 | ([ s193-61 |- [ s256-G1 |
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Al Data Center Networking

Advanced Load Balancing
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Al DC workloads characteristics and challenges

Small number of flows per ToR switch port

Low entropy of the ROCEv2 flows (same destination UDP)

Long live elephant flows

It may lead to:
Congestions at the spines
Longer Job Completion Time (JCT)
Tail Latency
Restart the given job execution
PFC regular pushbacks

HPELURE!



Load Balancing Evolution

cove [ ovicc [ iivs [ e

Static ECMP

Standard ECMP
supported by
everyone

DLB DLB
(Dynamic Load Balancing - (Dynamic Load Balancing -
FLOWLET) RLB PACKET SPRAY)
(RDMA-aware Load
Balancing)
GLB WPS
(Globa; Load Balancing) (Weighted Packet Spray)

« RDMA-Aware Load ) )
* Dynamic Load Balancing

. Balancing g }
* Dynamic Load using Packet Spraying
Balancing « Weighted Packet Spray
» Global Load
Balancing

(GLB requires >TH5
hardware)

HPE.D5RE



Dynamic Load Balancing (DLB)

Dynamic Load Balancing (Link quality based)

. DLB monitors link quality on local ECMP paths
based on real-time link utilization and queue depths
of each link.

. DLB factors local link quality and forwards on the
least loaded path.

. Minimizes flow collisions and the consequent
packet drop.

Forwarding a new flowon L1 (G2 -> G6)

. DLB supports two modes

Fogl S ey Path selection

. Flowlet mode - assigns links based on flowlets instead of PRI D Wi (EELI, (DLB)*
flows. Flowlets are multiple bursts of the same flow S1 Low ]
separated by a period of inactivity between these bursts. Go6
52
. Packet Spray mode - DLB is initiated for each packet in the 53 ]

flow. Best for load-balancing traffic across elephant and mice
flows and achieves fair BW utilization. Requires support from
NIC to re-order

* Colors & High, med, and low are used for simplifica*’
Actual link quality is a numerical metric. HPE.U0Per



DLB - Dynamic Load Balancing - customization

If Customer uses NICs which support reordering of RDMA write verbs. Hence the need for an efficient Load

Balancing technique that takes advantage of this feature.

Packet Spray for RDMA write flows

» Packet Spray makes efficient use of links if
the destination NICs can handle out of
order packets.

* |n this scenario, since RDMA write flows
can be received out of order, we would
want the RDMA write flows to follow
packet spray. But we would want the rest

® RDMAWRITE of the RDMA flows to follow SLB so that

B Rest RDMA opcode these are not re-ordered.

With Packet Spray, we can look into BTH

header and match on Opcode/QPAIR using
UDF and enable spray only for them.

ACL can match the ROCEv2 OP-code and particular
QPAIR & enable or disable the packet spraying

HPE.D5RE



Global Load Balancing (GLB)

Dynamic Load Balancing (Link quality based)

GLB from S1
To L2
To L3

* Spines monitor local link quality to all leaves
(DLB) and advertise these to all upstream

leaves GLB from S2
To L2
* Leaves use received link quality from spines Tol3 Low
along with local link quality (DLB) for load
balancing
GLB from S3
To L2 ,
 Upstream switches avoid downstream ol BT Aol e meny o el (e > E
congested paths and select a better end-to- . Local LQ Global LQ Path
end path Path to | Via (ECMP) (DLB)* (GLB)* selection
s 51 Low O
* Like Googl.e Maps traffic condition-based = =~ ]
path selection
s3

Like google maps traffic
* Colors & high, med, and low are used for simplification.
Actual link quality is a numerical metric. HPEJHQLE:%




RLB : RDMA-aware LB

Highest Consistent

Performance

Eliminates Congestion in
most scenarios

u”ﬂ”

RDMA-aware Load Balancing

In-order Delivery

Delivers packets in order
improving JCT

N leaf-spine links

800G 800G | |EAF @ 800G 800G
400G 400G 400G 400G 400G 400G 400G 400G

4 x 100G/QP
N QPs per NIC

NVLINK

Expensive HW not
required

Doesn’t require expensive
HW (SuperNICs or deep-
buffer switches)

Delivers non-rail
performance

Delivers highest
performance even for non-
rail, lowering TCO.

HPE.D5RE




RLB : RDMA-aware LB

Single QP RDMA
Memory Memory

RCY - |ecocsss ) = [ RCTN

|

Multi QP RDMA

Memory Memory

L]
m“u
m_l_l

500 MB

£

-

Num of QPs = Num of leaf-spine links = N =4

HPE Juniper Networking - NCCL plugin sets up N QPs per GPU |

SPINE1 SPINE2 SPINE3 SPINE4
EEiEEEEEERL EEEEEEEER EEEEEEEER IEEEEEEEED
| BGP-DPF
NS EEEEEEEE: [EEEEEEEE LEAF2

SLAAC

8X4X100GQPs
N QPs per NIC

N QPs per NIC

N leaf-spine links

N QPs per NIC

HPE.D5RE



DLB vs. RLB performance

Leaf-Spine Bandwidth Out Of Sequence

400 Gb/s
700 p/s

350 Gb/s -
/s 600 p/s

300 Gb/s | 500 p/s

250 Gb/s - 400 p/s

Pkts/Sec

200 Gb/s - 300 p/s

Bandwidth

150 Gb/s ‘ 200 pfs

100
100 Gb/s GAS

| | 0pls —s ‘ —
50 Gb/s - 09:15:30 09:16:00 09:16:30 09:17:00 09:17:30 09:18:00 09:18:30

= H100-01 == H100-02 == H100-03 == H100-04
0b/s -

09:15:30 09:16:00 09:16:30 09:17:00 09:17:30 09:18:00 09:18:30

Leaf-Spine Bandwidth Out Of Sequence

QPP saturates leaf-spine BW

400 Gb/s

100 pls
350 Gb/s

300 Gb/s 80 p/s
250 Gb/s

60 pls Zero OO0 packets

200 Gb/s

Bandwidth

Pkts/Sec

150 Gb/s 40 p/s

100 Gb/s
20p/s
15:03:30 15:04:00 15:04:30 15:05:00 15:05:30 15:06:00 15:06:3

0b/s = H100-01 == H100-02 == H100-03 == H100-04
15:03:30 15:04:00 15:04:30 15:05:00 15:05:30 15:06:00 15:06:3

50 Gb/s

HPE.D5RE




RDMA Load Balancing - using BGP-DPF

root@TOR101# show protocols bgp
fabric-advertise {
route 2001:1:1::/64 {
color red;
backup—-color lightred;

}

route 2001:2:1::/64 { explicit backup colored path can be defined
color blue; OR all-paths backup with DLB can be used
backup—color lightblue;

b

}
group underlay-red {
type external;

peer—-as 65001;
fabric-color red;

}

group underlay-blue { x 16 QPAIRs per GPU server port == 16 x DPF colors
type external;

peer-as 65002 - If 16 x SPINES/links in the topology
fabric-color blue;

}
multipath;

root@TOR101#

HPE.L5S



Weighted Packet Spray

e Normal Condition

* All leaf-to-spine connections use 2x400GE
links.

* Spine-1 and Spine-2 each advertise the GPU-
15 prefix to Leaf-1 with 800G aggregate
bandwidth.

* Leaf-1 forwards traffic equally to both spines
to reach GPU-15 (1:1 ratio).

e Failure Without WPS

* If the link between Spine-1 and Leaf-2 fails:

* Leaf-1 continues equal traffic distribution to
both spines. Leaf-1 is unaware of reduced
bandwidth on Spine-1.

1x400G * This will lead to congestion and packet loss on

e the remaining link.

e Failure With WPS

IP@15 * Spine-1 advertises the GPU-15 prefix to Leaf-
1 as 400G (Reduced/reflecting the failed link).

* Spine-2 still advertises the same 800G.

GPU-15 Prefix * So, Leaf-1 adjusts forwarding to a 1:2 ratio
(400G to Spine-1, 800G to Spine-2)

* Result: Improved traffic distribution, reduced
congestion, and optimized performance.

GPU-01 Prefix

HPE.D5RE



Weighted Packet Spraying - Link Failure Scenario

70

60

50

40

30

Bus Bandwidth (GB/s)

20

10

NCCL Bus Bandwidth - AllToAll

(Higher is better)

60.69

37.52

61.22 60.90

DLB Packet Spraying

WPS Packet Spraying

Caveats: Out-of-order packet reception capabilities are required at the NIC

No Links Down
Single Link Failed

Node count: 4

GPU count; 32

Stripes: 2

PXN: disabled

Message Size: 1 GiB

NCCL version; 2.18.3+cudal12.1

HPE

Juniper
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Summary : Al Load Balancing

T - 2 - D - BT

(NOT FIT
Al/ML Clusters)

Static ECMP

Cluster Size

Consideration

NIC Type

DLB

(Dynamic Load Balancing -
FLOWLET)

GLB

(Global Load Balancing)

DLB-FLOWLET

Dynamic Load Balancing

RLB

(RDMA-aware Load
Balancing)

Global Load Balancing

RLB

DLB

(Dynamic Load Balancing -
PACKET SPRAY)

WPS

(Weighted Packet Spray)

RDMA-aware Load Balancing

Packet Spray / WPS
Weighted Packet Spraying

Scaling limitation .
Any 64 Qual Profile (For now) Medium to Large clusters Any
None QFX5240 only Fabric and Best for workloads that don’'t have a None
Upcoming THé6 based Fabric heavy All-To-All requirement (for now)
Any NICs Any NICs Advanced NICs (Need Re-ordering)

HPE

Juniper
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Al Optimized Ethernet: Put to the test

We achieve comparable results with InfiniBand using the MLPerf benchmarks

Al Cluster

64 A100 and 32 H100 GPU'’s, Rail optimized architecture

High Performance 400G Networking with Al Optimized Ethernet

Run LLM tests with Bert-Large, DLRM Al Optimized Ethernet:

Matching InfiniBand
Performance

BERT-Large 2.52 min 2.5-3.3 min

Juniper Ethernet Training Time posted (including IB)




UEC & Load Balancing
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UEC - 10,000 Ft View

Congestion

Avoidance
Effective utilization
of fabric capacity

Congestion

Control
Preventing packet
drops (lossless)

~

InfiniBand

Credit Request/Grant
mechanism

— /

~

ﬁ)ssless Ethernet Fabric\

HPE-JUNIPER

« Distributed architecture
* Dynamic Routing

* Intelligent Load Balancing
(DLB, GLB, sDLB etc.)

DCQCN
(PFC + ECN)

Ultra£thernet \

Congortium

*  Dynamic Routing

» Packet Spraying

* Flexible Re-ordering on NIC
* In Network Collectives (INC)

e Link-level credit mechanism (LLR)
+ Receiver credit mechanism (RCCC)
« Sender Network Signal CC (NSCC)
* Telemetry based CC (CSIG)

- /

» Packet Trimming (DCN)

N /

HPE.D5RE




Ultra tthernet

Consortium

UET forwarding & Load Balancing

- The UET packet format is UDP encapsulated with PDS and SES header instead of BTH header in
ROCEV2 — our QFX5240 and QFX5230 switches will be UET-ready to forward the UEC frames

« Sprayed and non-sprayed packets at the NIC card level to be
compatible with our DLB mechanisms — Spray in NIC and Spray in ToR Ethernet switch

UEC - Transport packet encapsulation
unencrypted with UDP entropy

— — . FHERNET T hertypesip
UEC read UEC ready i__ Protocol/NextHdr=17 |
— - 13
qfx5240 qfx5240 IPv4 or IPv6
7 I . Source-Port=Entropy i ____.____DestPort=UET __ ______
uDP
| _TYPE  INxtHdr=SES| FIAGS.CRC=0 |
switch-level packet spraying (DLB + PDS/SES) - UETPDS
—1 —1 —]
UEC read UEC read UEC read UET UET_SES
—_— —_— -
qfx5241 |;I qfx5241 |;i qfx5241 L‘__r
UET PAYLOAD
UEC NIC Card UEC NIC Card
Server A Multipathing Multipathing Server B L2 ETHERNET FCS

NIC-level packet spraying
HPE LRS!



Ultra £thernet

———=Consortium

UEC - new packet format and load balancing

' o’

AmCe R Reas=Fs__=Eaaqatfn

"]( / @ disg t « i - B o -

No. Time Source Destination Protocol Length Info
1 2025-06-09 18:40:42.319427805 45.0.202.242 ﬁ§.0.202.246 UET 74 TYPE_ACK UET_RESPONSE
2 2025-06-09 18:40:42.319628995 45.0.202.242 45.0.202.246 UET 106 TYPE_RUD_REQ UET_TAGGED_ SEND
3 2025-06-09 18:40:42.320091175 45.0.202.242 45.0.202.246 UET 74 TYPE_ACK UET_RESPONSE
4 2025-06-09 18:40:42.320107207 45.0.202.242 45.0.202.246 UET 106 TYPE_RUD_REQ UET_TAGGED_SEND
5 2025-06-09 18:40:42.321218065 45.0.202.242 45.0.202.246 UET 74 TYPE_ACK UET_RESPONSE
6 2025-06-09 18:40:42.321231595 45.0.202.242 45.0.202.246 UET 1066 TYPE_RUD_REQ UET_TAGGED_SEND
7 2025-06-09 18:40:42.322005825 45.0.202.242 45.0.202.246 UET 74 TYPE ACK UET RESPONSE

Frame 1996: 682 bytes on wire (5456 bits), 682 bytes captured (5456 bits)

Ethernet II, Src: PerformanceA 00:00:01 (00:10:94:00:00:01), Dst: 74:29:72:44:ad:13 (74:29:72:44:ad:13)
Internet Protocol Version 4, Src: 45.0.202.242, Dst: 45.0.202.246

User Datagram Protocol, Src Port: 49150, Dst Port: 49150

v UltraEthernet Transport

PDS
) V¥ SES request
90.. .... = Reserved: 0x0
..00 1011 = Opcode: DEFERRABLE_TSEND - A deferrable version of the tagged send (©x0b)
©0.. .... = Version: 0x@
..0. .... = Delivery Complete (DC): No UEC Header
ees® ... = Initiator Error (IE): No
...+ 1... = Relative: Yes
eee. .0.. = Header Data (HD): No
e+se «.1. = End of Message (EOM): Yes

vees +..0 = Start of Message (SOM): No
Message ID: 21
Resource Index generation: ©

Job ID: 1
PO .... .... .... = Reserved: Ox0
74 29 72 44 ad 13 00 10 94 00 00 01 08 00 45 b8 t)rD ‘E
©2 98 b9 86 00 00 40 11 ce 2d 2d 0@ ca f2 2d @0 .- -@ e
0020 ca f6 bf fe bf fe 02 84 ©0 00 11 c8 fc 2f OO OO -+ =«cov oo /- HPEJHQ‘R%



Ultra £thernet

Consor tium

UET over IP encapsulation - new entropy field

L2 ETHERNET T htherTypezip  Here the UDP is not used so the
| Protocol/Next Hdr=17 | overhead is reduced but then the new
L3 field entropy will be used for the packet
IPv4 or IPv6 :
. sprayin
__________ ) —a— N = I R
| TYPE_ [NxtHdr=SES| FLAGS.CRC=0 | « UET PDS will include the PSN
UET PDS
iy (Sequence Number) ACK’d or NACK'd to
UET UET_SES make the packet delivery reliable
* If the UET uses the NSCC as congestion
UET PAYLOAD management, then the NACK will contain
the entropy information to let the
12 ETHERNET FCS

originator adapt its entropy accordingly -
for example, by changing the source UDP

HPE U5



Al DC

Multi-tenancy




Al/ML - Why Multi-tenancy (MT) ?

[ Why do we need multi-tenancy in the Al/ML clusters? J

GPU ISOLATION GPU ISOLATION SERVERISOLATION GPU ISOLATION GPU ISOLATION SERVERISOLATION

TENANTA TENANTB TENANTC - SERVER 1 TENANTA TENANTB TENANTC - SERVER 2
GPU1 GPU1 (GPUS 1-8) GPU2 GPU2 (GPUS 9-16)
‘ SERVER 1 SERVER 2 ¢ ‘ SERVER 3 SERVER 4 ¢

\J \J Y \J

SOOI

Al/ML Services on-demand deployments:

- GPUaaS
- BMSaa$s

Fabric Security

Simplified fabric resources control
(performance control)

IPv4 /31 IPvé /127 (static)
or /64 (SLAAC)

LEAFeL 8 STRIPE2 o o (][0 W
s N LEAFs1-8 ,7 y 7z
~ y 7 » i
S - s 2
VRF-A (VNI 1) N N > ’ Z z -
= Soo e 27 7 1Pv6 BGP unnumbered Underlay
~ TS W= 1Pv6/IPv4 overlay RFC5549
= S~ -~ >3 -
VRF-C (VNI 3) VRF-B(VNI2) ~~o _ _ - e T s e

= B B B

SPINE 1 SPINE 2 SPINE 3 SPINE 4

Al DC Multi-Tenancy (MT) types:

o Server-level Multi-tenancy
o GPU-level Multi-tenancy

Al DC architectures with MT:

o ROD (Rail Optimized Design)

o Non-Rail Optimized HPELORE!



GPU - server4

HPE.D5RE

Rail Optimized Design

Tenant1

Route Server/IP Transit role

EVPN RT5

\
SawW'N
N

GPU-level EVPN multi-tenancy & Load Balancing

GPU - server3

i
-
c
©
c
(O]
[t

Tenant1

GPU - server1

Tenant1

GPU - server2

‘

7777/

K At the Spine level:

~

K At the Leaf level:

o)
£
o0
k= 3
[ S
© +
- 9
(a R
Dum %
- scchl
..U a’T
BDm.Mnc._n_Lb
4V N c
O & ¢ 2
~=0 5 o
wAk eW
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e wn
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»
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Thank you
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