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Priklad obecné architektury - onPrem

Web frontend cluster B

Management switch 1Gb

= Servery pro interakci s uzivateli

LLM inferencing frontend and backend cluster

Vysoce vykonny LLM Cluster T

- Ingest/embedding engine

= Servery pro reseni zadanych uloh

Vykonné RAG appliance

= Retrieval-Augmented Generation Appliance pro
vyhledavani informaci a generaci textu slouzi
pro zpfesfiovani vystupt velkych LLM modeld BN B

Vykonné All-flash uloziste
Clusteredi

= Vykonné a Skalovatelné ulozisté pro ulozeni dat Hles i

PowerScale

Vysoce propustné switche NS /53

=  Switche, které slouzi pro interni komunikaci B B
celé AI/ML infrastruktury Backend 100Gb switches

=




Priklad architektury LLM clusteru

Component

Details

Operating system

Ubuntu 22.04.1 LTS

Cluster management

NVIDIA Base Command Manager Essentials
10.23.12

Kubernetes

Upstream Kubernetes - Version v1.27.6

GPU operator

NVIDIA GPU operator v22.9.2

Inference server

NVIDIA Triton Inference Server v23.04

Inference Engine

NVIDIA TensorRT-LLM 0.7.1 and 0.8.0

- Inference

Generative Al Mcdelsﬁ
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Platform
Tools
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Enterprise Linux
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Priklad architektury LLM clusteru - Trénovani

Component

Details

Operating system

Ubuntu 22.04 1 LTS

Foundation Model

Llama 2 7B Llama 2 13B
Llama 2 70B

Cluster management NVIDIA Base Command Man dger Essentials 10.23.12
Slurm cluster Slurm 23.02.4
Al framework NVIDIA NeMo Framework v23.11 LLM

Framework

NeMo NeMo

Training Inference
Container Container )

Kubernetes Kubernetes
Control Plane Workers

Manager
Essentials

GPU Network C,I slurm SEEabNG Y GRUDISEE
Operator  Operatar | Cluster SMaRagEn ROMA

9e8 "E:i.:.

Dell PowerEdge Servers Dell PowerSwitch
for management node and  $5232-ON or $5248-ON
Kubernetes control plane

Management and Network Infrastructure
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Jak muze vypadat infrastruktura pro LLM
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NVIDIA QM 8790/QM9790
InfiniBand

o—e Management (SFP)
Storage (QSFP)
e—e PXE and Out of band (1GbE)

PowerSwitch N3248-TE
00B Ethernet Switch

008B
Uplink

Management servery

= Dell PowerEdge R660 (NVIDIA Base Command Manager
Essentials, Kubernetes control plane)

LLM servery (Worker nody)
= Dell PowerEdge R760XA (LLM model)
= Dell PowerEdge XE8640 (LLM model)
= Dell PowerEdge XE9680 (LLM model)

Vykonné datové uloziste

= Dell PowerScale F210 (data, databaze apod.)

= Dell PowerScale F710 (data, databaze apod.)

LAN infrastruktura pro interni komunikaci

= Dell PowerSwitch S52xx
= Dell PowerSwitch S54xx
= Dell PowerSwitch Z294xx
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Priklad: Infrastruktura pro model Llama 3.1

70B

NVIDIA Base Command Manager Essentials, Kubernetes control plane

Server Dell EMC Server Dell EMC
PowerEdge R660 PowerEdge R660

LAN Switch S5224F-ON LAN Switch S5232F-ON

LAN 100 Gbps
Ubuntu, K8S, Llama 3.1 70B

Server Dell EMC Server Dell EMC
PowerEdge R760XA PowerEdge R760XA

LAN 100Gbps

\

LAN 100 Gbps

LAN Switch S5232F-ON LAN Switch S5232F-ON

LAN 100 Gbps

Diskové pole IBM FlashSystem 5045

2x Server pro management a WEB UI: Dell
EMC R660 (2x Intel Xeon Gold 5418Y, 512 GB
RAM, 4x 3,84 TB SSD, 4 x 10/25 GbE, 2 x 100
GbE, 5Y NBD)

LAN infrastruktura pro FrontEnd: 2x Dell
EMC S5232F-ON Switch, 32x 100GbE QSFP28

2x Server pro LLM model Llama 3.1 70B:
Dell EMC R760XA (2x Intel Xeon Gold 6542Y, 2x
GPU NVIDIA H100 NVL, 1024 GB RAM, 2x 960
GB SSD, 4 x 100 GbE, 5Y NBD)

Datové ulozisté: 3 nody Dell EMC PowerScale
F710 véetné LAN switcht pro BackEnd 2x
S5232F-ON

Vykon: 192 aktivnich session, 1000 - 2000
uzivatell, TTFT < 2s

SW: Ubuntu/Ubuntu Pro s K8s nebo Rancher,
MLOPs nastroje Kubeflow a MLflow
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Management server Dell PowerEdge R660

Kompaktni vysoce vykonny
server s velmi sirokym vyuzitim

= Standardizace smisenych zatézi
= Databdzové aplikace a analytika

Infrastruktura pro virtualizaci

1U dvou-socketovy server

= 1 - 2 Intel XEON Scalable nebo Max
CPU 4. a 5. generace, 56 resp. 64
jader

= 32 DDR5 DIMM slotl, podporuje az 8
TB RAM (4800 MT/s a 5600 MT/s)

= Az 10 x 2.5%, SAS/SATA/NVMe
HDD/SSD

= Az 16 x EDSFF E3.S Gen5 NVMe SSD




WORKER (LLM)
SERVERY
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Servery pro Worker nody

NVLink Bridge

H100 GPU 0 100 e Aol <2 B 2 Bl
H100 GPU 2 gggg g 2 g 2618%

B8 B85 essesesas.

Dell PowerEdge R760xa with Dell PowerEdge R760xa with H100 :.:.:.:...:
L40S PCle GPUs (no NVLink) PCle GPUs and NVLink Bridge ettt
Dell PowerEdge XE8640
with H100 SXM GPUs

Dell PowerEdge XE9680
with H100 SXM GPUs




LLM server Dell PowerEdge R760XA

2U dvou-socketovy server

= 1 - 2 Intel XEON Scalable nebo Max
CPU 4. a 5. generace, 56 resp. 64

jader
Vysoce vykonny server = 32 DDR5 DIMM slotl, podporuje az 8
optimalizovany pro vyuziti GPU TB RAM (4800 MT/s a 5600 MT/s)

= AZ 4 x 400 W DW PCle x16 GPU
= Trénovdani ainferencing AI-ML/DL = Az 12 x 75 W SW PCle x8 GPU

= Pokrocild analytika = Az 8 x 2.5%, SAS/SATA/NVMe
= Infrastruktura pro virtualizaci = Az 6 x 2.5-inch NVMe
desktopu - AZ 6 x EDSFF E3.S Gen5 NVMe SSD



LLM server Dell PowerEdge XE8640

L ‘\,\‘ =

4U dvou-socketovy server

1 — 2 Intel XEON Scalable nebo Max
CPU 4. a 5. generace, 56 resp. 64

jader
_ - = 32 DDR5 DIMM slotl, podporuje az 4
Specializovany server TB RAM (4800 MT/s a 5600 MT/s)
optimalizovany pro AI, HPC a 5
aplikace naroéné na vykon = AZ 4 x NVIDIA HGX H100 80GB 700W

SXM5 GPU, plné propojené
prostrednictvim NVIDIA NVLink

I L = Az 8 x 2.5%, SAS/SATA/NVMe
= Modelovani a simulace v ramci }
HPC = Az 8 x EDSFF E3.S Gen5 NVMe SSD

= Velmindarocné aplikace z pohledu
vykonu

= Trénovani a inferencing Al-ML/DL



8-cestny GPU server s extrémnim
vykonem pro AI-ML/DL a HPC

= Trénovani a inferencing Al-ML/DL
= Podpora az osmi vysoce vykonnych GPU

= HPC v oblastech velkych jazykovych
modely, doporu¢ovacich engind,
vypocCty molekularni dynamiky a
genovych sekvenci

6U dvou-socketovy server

1 — 2 Intel XEON Scalable nebo Max
CPU 4. a 5. generace, 56 resp. 64
jader

32 DDR5 DIMM slotd, podporuje az 4
TB RAM (4800 MT/s a 5600 MT/s)

8 x NVIDIA HGX H100/200 s
podporou NVIDIA NVLink

8 x AMD Instinct MI300X s podporou
AMD Infinity Fabric nebo Intel Gaudi 3
s podporou RoCE

Az 8 x 2.5%, SAS/SATA/NVMe SSD
Az 16 x E3.S NVMe direct drive



GPU NVIDIA H100

Up to 4X Higher Al Training on GPT-3

ax

3X

2X

Speedup Over AI00

X
X

GPT-3 175B Parameters

NVIDIA A100 Tensor Core GPU [ NVIDIA H100 Tensor Core GPU

Speedup Over A100

10X
9X
8X
7X
6X
5X
4x
3X
2X

9X

X

MoE Switch XXL 395B Parameters

NVIDIA H100 + NVLink Switch System

Projected performance subject to change. GPT-3 175B Training A100 cluster: HDR IB network, H100 cluster: NDR IB network | Mixture of

Experts (MoE) Training Transformer Switch-XXL variant with 395B parameters on 1T token dataset, A100 cluster: HDR IB network, H100 cluster:
NDR IB network with NVLink Switch System where indicated.

Technical Specifications

H100 SXM H100 NVL
FP64 34 teraFLOPS 30 teraFLOPS
FP64 Tensor Core 67 teraFLOPS 60 teraFLOPS
FP32 67 teraFLOPS 60 teraFLOPS
TF32 Tensor Core* 989 teraFLOPS 835 teraFLOPS

Up to 30X Higher Al Inference

BFLOAT16 T Core*
Performance on the Largest Model ensor Core

FP16 Tensor Core*

1,979 teraFLOPS
1,979 teraFLOPS

1,671 teraFLOPS
1,671 teraFLOPS

Megatron chatbot inference
(530 billion parameters)

FP8 Tensor Core*

3,958 teraFLOPS

3,341 teraFLOPS

INT8 Tensor Core* 3,958 TOPS 3,341 TOPS

30X GPU Memory 80GB 94GB

25% GPU Memory Bandwidth 3.35TB/s 3.9TB/s
E Decoders 7 NVDEC 7 NVDEC
2 20x 7 JPEG 7 JPEG
[
*? Max Thermal Design Up to 700W 350-400W (configurable)
a 15X Power (TDP) (configurable)
o
g 10X Multi-Instance GPUs Up to 7 MIGs @ 10GB each Up to 7 MIGS @ 12GB each
€=
= Form Factor SXM PCle dual-slot air-cooled

5X Interconnect NVIDIA NVLink™: 900GB/s NVIDIA NVLink: 600GB/s

o PCle Gen5: 128GB/s PCle Gen5: 128GB/s
2 seconds 15 seconds 1 second Server Options NVIDIA HGX H100 Partner and NVIDIA-
Partner and NVIDIA- Certified Systems with
Latency

H100 to A100 Comparison - Relative Performance

Projected performance subject to change. Inference on Megatron
530B parameter model based chatbot for input sequence
length=128, output sequence length =20 | A100 cluster: HDR IB
network | H100 cluster: NVLink Switch System, NDR IB

NVIDIA Enterprise

*With sparsity

Certified Systems™ with
4 or 8 GPUs

NVIDIA DGX H100 with
8 GPUs

Add-on

1-8 GPUs

Included



VYKONNE DATOVE
ULOZISTE




All-Flash datoveé ulozistée Dell PowerScale

Scale-Out datové ulozisté s vysokou flexibilitou

Scale-out architektura - Distribuovana plné symetricka klastrovana
architektura s operacnim systémem OneFS.

Modularni design - PowerScale 1U nebo 2U pro montaz do racku s minimalné
3 uzly s backendovym pripojenim Ethernet nebo InfiniBand.

Skalovatelnost - Cluster mGze $kdlovat az 252 uzl( se $kalovdnim kapacity i
vykonu. Jediny cluster muze dodat az 186 PB RAW kapacity.

Vysoka dostupnost - Bez jediného bodu selhani. Samoopravny design chrani
pred selhanim disku nebo uzlu.

Operacni systém - PowerScale OneFS vytvari cluster s jedinym systémem

(o] . 7 7 V4 . V4 v v 7 V4
souboru a jednim globalnim jmennym prostorem. Je plne zurnalovany a
distribuovany.



1U Dell PowerEdge R660

1 x CPU Intel Xeon Silver 4410Y (2G/12C)

= 128 GB RAM

= 4x 10/25 GbE nebo 4x 40/100 GbE pro FE a BE

= 4x 2,5" NVMe SSD (1,92(960 GB) TB, 3,84 TB, 7,68 TB a 15,36 TB)
= Min. 3 nody - Max. 252 nodu

= RAW kapacita nodu: 8 TB - 61 TB

= RAW kapacita clusteru: 23 TB - 15 PB



1U Dell PowerEdge R660

= 2 X CPU Intel Xeon Gold 6442Y (2,6G/24C)

= 512 GB RAM

= 2% 10/25 GbE nebo 2x 100/200 GbE pro FE a 2x 100/200 GbE pro BE
= 10x 2,5" NVMe SSD (3,84 1B, 7,68 TB, 15,36 TB, 30,72 TB)

= Min. 3 nody - Max. 252 nodu

= RAW kapacita nodu: 38 TB - 308 TB

= RAW kapacita clusteru: 115TB - 77 PB



2U Dell PowerEdge R760

= 2 X CPU Intel Xeon Gold 6442Y (2,6G/24C)

= 512 GB RAM

= 2X 10/25 GbE nebo 2x 100 GbE pro FE a 2x 100GbE pro BE
= 24x 2,5% NVMe SSD (3,84 TB, 7,68 TB, 15,36 TB, 30,72 TB)
= Min. 3 nody - Max. 252 nodu

= RAW kapacita nodu: 92 TB - 737 TB

= RAW kapacita clusteru: 276 TB - 186 PB
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Dell PowerSwitch S5232F-ON

1U L3 switch - 32x 100GbE QSFP28 portil

Skalovatelny L2 a L3 ethernetovy switch s QoS, ACL a kompletni sadou
standardizovanych funkci IPv4 a IPv6 vCetne OSPF, BGP a PBR.

Vykon prepinace: 2 Tbps (4 Tbps full-duplex).

Podpora L2 multipath prostrednictvim Virtual Link Trunking (VLT) a podpora
Routed VLT

VXLAN pro premosténi a smérovani nevirtualizovanych a virtualizovanych overlay
Siti.

Konvergovana sitova podpora pro Data Center Bridging s prioritnim Fizenim toku
(802.1Qbb), ETS (802.1Qaz), DCBx a iSCSI TLV.

RDMA over Converged Network (RoCE) protokol pro akceleraci komunikace mezi
aplikacemi a ulozistém.

0OS10 s podporou Precision Time Protocol (PTP, IEEE 1588v2).



Dell PowerSwitch S5448F-ON

1U L3 switch - 48x 100GbE SFP56-DD, 8x 400GbE QSFP56-DD

Multi-rate 100GbE porty podporujici 10/25/50/100GbE. Multi-rate 400GbE porty podporujici
10/25/40/50/100/200/400GbE

Skalovatelny L2 a L3 ethernetovy switch s QoS, ACL a kompletni sadou standardizovanych
funkci IPv4 a IPv6 vcetné OSPF, BGP a PBR.

Vykon prepinace: 8 Tbps (16 Tbps full-duplex).
Podpora L2 multipath prostrednictvim Virtual Link Trunking (VLT) a podpora Routed VLT
VXLAN pro premosténi a smérovani nevirtualizovanych a virtualizovanych overlay siti.

Konvergovana sitova podpora pro Data Center Bridging s prioritnim Fizenim toku
(802.1Qbb), ETS (802.1Qaz), DCBx a iSCSI TLV.

RDMA over Converged Network (RoCE) protokol pro akceleraci komunikace mezi aplikacemi
a ulozistém.

OS10 s podporou Precision Time Protocol (PTP, IEEE 1588v2).




Dell PowerSwitch S9432F-ON

1U L3 switch - 32x 400GbE QSFP56-DD

Multi-rate 400GbE porty podporujici 10/25/40/50/100/200/400GbE

Skalovatelny L2 a L3 ethernetovy switch s QoS, ACL a kompletni sadou
standardizovanych funkci IPv4 a IPv6 vcetné OSPF, BGP a PBR.

Vykon prepinace: 12,8 Tbps (25,6 Tbps full-duplex).

Podpora L2 multipath prostrednictvim Virtual Link Trunking (VLT) a podpora
Routed VLT

VXLAN pro premosténi a smérovani nevirtualizovanych a virtualizovanych overlay
Siti.

Konvergovana sitova podpora pro Data Center Bridging s prioritnim Fizenim toku
(802.1Qbb), ETS (802.1Qaz), DCBx a iSCSI TLV.

RDMA over Converged Network (RoCE) protokol pro akceleraci komunikace mezi
aplikacemi a ulozistém.

0OS10 s podporou Precision Time Protocol (PTP, IEEE 1588v2).



ProcC AI resit s GAPP System

_______________

= Mame znalosti a zkusenosti &
= Jsme spolehlivy partner na trhu IT =

s vyuzitim mwmm jsich
nik

dostupnost uplltn(.

= Dokazeme dodat ucelené reseni

Mame k dispozici tym odbornikt (Navrh, implementace a
podpora)

» Mame 100% Uspésnost projektu u nasich zakazniku



David Gottvald
david.gottvald@gapp.cz
+420 724 954 105
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