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Campodia's Al

Why Infrastructure Matters NOW
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National’s Milestone

In July 2025, Cambodia became the fourth country in South-East Asia to complete UNESCO's Al Readiness Assessment
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https://www.unesco.org/en/articles/cambodia-launches-ai-readiness-assessment-report-guide-ethical-and-inclusive-digital-transformation



Challenge!
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Al Data Center At



Why Al Data Centers are Emerging

Spine
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Al servers and training model requirements

General Purpose Server NVIDIA DGX H100 Server

1)

2x25G still the most 8x400G Backend 2x100G 4x200G Storage
common configuration GPU Network Frontend Network
we sell Network

= explosive growth in networking requirements



Al Data Center Architecture
Lifecycle of an Al Model

The Al/ML app lifecycle can be a continuous, iterative process of designing and developing models, training and validating them with curated data, and deploying them

into production while monitoring their performance for constant refinement and improvement.

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.

Training

The trained model is Al model is trained with the

deployed on inference
clusters to provide actionable
outcomes from user inputs.

curated dataset and deep learning
framework on GPU clusters.
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Anatomy of an Al/ML Cluster & Network

Cluster Components WAN / DCI /

Internet

Training Cluster
Inference Cluster
Shared Storage Pools Frontend

Dedicated Cluster Storage Network

Cluster Networks All Ethernet

“Frontend”
 Inference clusters use this network

« Shared storage pools Training
« Management network for training Clusters
“Backend”
« GPU Compute Fabric |
« Dedicated Storage Fabric (may be Backend
converged with compute) Network

InfiniBand or Ethernet




Al Data Center Architecture
Al DC Architectures

Spine 1 Spine 2

32 x 400G Uplinks from 8 x QFX5230-64CD Leafs <> 4 x QFX5230-64CD Spines

Leafl Leaf2 Leaf3 Leaf4 Leaf5 Leafé Leaf7 Leaf8

GPUO GPUO

[512 x 200G GPU Direct uplinks - A100] or [256 x 400G GPU Direct uplinks - H100] <> 8 QFX 5230-32CD Leafs

GPU 1 GPU 1
GPU 2 GPU 2
GPU 3 GPU 3
GPU 4 GPU 4
GPU 5 GPU 5
GPU 6 GPU 6

GPU 7 GPU 7

Lambda Hyperplane A100 NVIDIA DGX H100

Server-1 Server-X

Rail Optimized Stripe

1 Stipe ->
To provide maximum throughput, « 8 Leafs (64 x 400G) + 4 Spines (64 x 400G)
Minimal latency « 512 A100 GPU (64 Servers) or 256 H100 GPU (32 Servers)

Minimal network interference for Al traffic flows * Ratio 1:1



NCCL

* NCCL (NVIDIA Collective Communications Library) acts as communication orchestrator for multi-GPU multi-
node environments

« Topology-aware and is optimized to achieve high bandwidth and low latency.

« The new feature introduced in NCCL 2.12 is called PXN, as PCI x NVLink, as it enables a GPU to
communicate with an NIC on the node through NVLink and then PCI. over PCle, NVLink,

Source: https://developer.nvidia.com/blog/doubling-all2all-performance-with-nvidia-collective-communication-library-2-
12/#:%7E:text=Rail%2Doptimized%20network%20topology%20helps, having%20lighter%20connections%20between%20rails



Al Data Center Architecture
ROCEvV2 Transport in Al DC

AIML server-1

\ 4

Encap data
in ROCEv2 frame

ROCEv2 NIC

400G/200G ToR switch

leaf
Ethernet switch

AIML server-201

ROCEv2 NIC

Write directly to the
GPU memory
without going
through

the CPU of the
server

RoCEv2 transport - packet format

Ethernet’ P ’ uDP ,IB BTH

Destination port
4791 indicates next
header is RoCEv2

Base Transport Header - BTH:
Opcode: Transport type
Destination queue pair

Packet Sequence number

IB Payload

RoCE 32-bit end
to end FCS




Al Data Center Architecture
Al DC Features

- DLB (Dynamic Load Balance)
« GLB (Global Load Balance)

— Flow1 ‘
Long Lived < glow2 DDDDDD -
 riows [ I O O O

- DCQCN (PFC + ECN)
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Dynamic Load Balancing (DLB)

. 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.

Efficient Load Balancing

Dynamic Load Balancing (Link quality based)

L1

Forwarding a new flow on L1 (G2 -> G6)

Local link quality
(DLB)*

51 Low ]
$2

s3 ]

Path to , Via (ECMP) Path selection

G6

* Colors & High, med, and low are used for simplification.
Actual link quality is a numerical metric.



Global Load Balancing (GLB) Eficent Load Balancing

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 To L3 Low

along with local link quality (DLB) for load
balancing

GLB from S3
. . VL2 Forwarding a new flow on L1 (G2 -> G6)
* Upstream switches avoid downstream To L3 g
congested paths and select a better end-to- - Local LQ Global LQ Path
end path Pathto | Via (ECMP) (DLB)* (GLE)" selection
Cé S1 Low H
 Like Google Maps traffic condition-based . i . ]

path selection

S3

* Colors & high, med, and low are used for simplification.
Actual link quality is a numerical metric.



Congestion Control -

NVIDIA

FPC-ENABLED
QFX SWITCH

NVIDIA

FPC-ENABLED
QFX SWITCH

NVIDIA

ECN-ENABLED
QFX SWITCH

L3 CN
Congestion

Notification Packet

FPC-ENABLED
FFI)Q'?\I\LI{/?IIEES QFXSWITCH  congestion

FPC-ENABLED .
QFXSWITCH  congestion

ECT=1
[ROCE ;2.

ECN-ENABLED .
QFX SWITCH congestion

L § CNP

Congestion Congestion
Notification Packet

Notification Packet

FPC-ENABLED
QFX SWITCH

FPC-ENABLED
QFX SWITCH

ECN-ENABLED
QFX SWITCH

lossless fabrics

@CJ

Congestion
Notification Packet

NVIDIA

NVIDIA

NVIDIA

Congestion Control aims to
deliver lossless Ethernet

DC QUANTIZED CONGESTION
NOTIFICATION (DCQCN)
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Nvidia GPU A100 servers x 8 (cluster 1)
88 \vidia GPU H100 servers x 4 (cluster 2)
AMD MI300 GPU servers
1 Weka Storage Servers
(Dedicated Storage) x 8

STRIPEsx N

FRONTEND FABRIC

frontend-gpu-leaf
- SE———

frontend-spinel

frontend-spine2

|BE==sEEEY ) ) frontend-weka leaf

Weka-1

'_E. = Weka-2

Headend-SVR-0# [#=0-3]
GPU and ka servers management Weka-4
+ shared storage + Al toals H

Weka-8

gpu-backend-spinel

storage-
backend- backend-
weka-Leaf1 weka-Leaf2?

storage-backend-spinel

gpu-backend.spine2 BACKEND GPU FABRIC
(GPU CLUSTER x N)

storage-  storage-
ackend- backend-
gpu-leafl  gpu-Leaf?
. /

BACKEND STORAGE
storage-backend-spine2 FABRIC

 Comprehensive, end-to-end template for
deploying Al networking solutions.

* Rigorously pre-tested, validated.

* Reduce complexity and risk.

* Tee shirt sized for small, medium, and large Al

DCs.
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Al-optimized Ethernet: Put to test

We achieve comparable results with InfiniBand in MLPerf benchmarks

* Ran Bert-Large, DLRM, LlamaZ2, and GPT-3 training models
(MLCommons)

 Able to run customer models

Juniper Ethernet Training Time InfiniBand Training Time

BERT-Large ~2.6 min 2.5-3.3 min

(Training) (64 A100 GPU) (64 A100 GPU)



Technology choices for GPU backend fabric

=

Vendor Lock-In NO

Al Optimized Ethernet

as Juniper

Easy to Operate a Apstra’

Cost O\ ¢

Performance



Design and Deploy Al Clusters with Apstra

g s e » Rail-optimized design accommodated with custom
Rack of 8-way leafs and 8-interface servers

Expand Nodes? () Show Links?

» Juniper guided design with Terraform automation of
all fabrics and necessary configs

L0 1+

SR ST

T2 S TR e e 2 :
DGX-A100_20 S DGX-A100_28
> RN AR R I
b b6 50 v o'0'n o
DGX-A100_21 DGX-A100_29
\ Y\ MR N N
Structure \ b LA o

o 'o'o o ¢ WA WAR IS
DGX-A100_22 DGX-A100_30
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Spi Al-Spine 576x400 J] | | [ /1 /] ,,/ A / \| / | / [ / A\ ‘\1 \ | ‘ | ‘\“ \ L\ \“s‘ \\ ) e L |\ \“‘
es 16 of AL:Spl o o o o/o’o’c 0 o o CamOmOds a0 CpCmiOmo 0 o0 o o 6 bla ‘e lo b
~ - DGX-A100_7 DGX-A100_15 DGX-A100_23 DGX-A100_31
Rack Types 40 of Al 16xH100 (16 generic systems) o D‘ o «;J é) lfl o EJ 6 0O 0O o o E‘J o él 6 o o éb tL él C‘J o \‘3 l.‘j D éj é C‘J
DGX-A100_8 DGX-A100_16 DGX-A100_24 DGX-A100_32
Example of 5120 GPU cluster Example of rail-optimized GPU group or stripe
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Rami Rahim &

Congrats @elonmusk @xAl @X! Excited for @JuniperNetworks to be a part
of the Memphis Supercluster team and to bring our networking solutions to
this innovative work.

(i) Elon Musk @ x

Nice work by @xAl team, @X team, @Nvidia & supporting companies
getting Memphis Supercluster training started at ~4:20am local time.

With 100k liquid-cooled H100s on a single RDMA fabric, it’s the most
powerful Al training cluster in the world!
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THE CHALLENGE THE SOLUTION WHY JUNIPER?

Accommodate large-scale and Juniper QFX5240 for 800G leaf Junos feature richness for congestion management
efficient GPU cluster and spine connectivity with ROCEv2

server connectivity.

Al training is compute- Enabling the same form factor Al Lab for POC for various load balancing scenarios
intensive , with traffic flows for both Front and Back-end Al

that break traditional data clusters

center networking Lightening responsiveness to needs

Efficient use of GPU cycles. .. .
(Job completion time) Efficient Load balancing and

congestion control for RDMA Better supply chain for switch and optics with Juniper
traffic

Juniper

Juniper Confidential NETWORKS



Summary and Key Takeaways

1. Al has a very clear future
2. Network Infrastructure is the Critical part
3. Al DC Architecture with DC Switch port folio and features rich

Rich DC portfolio:

- 400G/800G/1.6T Ethernet/IP e
Simplified &
validated designs

it

Ty R

- Apstra Fabric Manager

Scale &
Performance

Automated
DC operations




Thank You
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