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Framework

F—7vy—RD7 L —L7T—7%TensorFlow, Caffe, Caffe2. Microsoft Cognitive Toolkit .

(CNTK) . MXnet, PytorchZ EHABHBICFIARIEEICTR - 72 ¥

O Caffe?

F‘ Task Scheduler

Cloud Tensor O PyTO rC h Monsoon Mistral Mistral R
GPUA Y ARV AXRFPGAA VY ARV AR ESZIRE XA THREERE THBRIBEICR > 72  ®CPU

Monsoon Mistral Mistral
Cloud TPU ML 7)@
P——— v GPU GPU GPU
. 3
C 5 ™ G‘B .

: mods core Mt vour s ' AppleizE D
Core MLIg, CPU, GPU, =2—5AT>o>

EEBLT, XY FSNAADNT £ -2 X% Image Signal Processor Coprocessor
B LA, XEUTy FTUY hEBH i
HEERARINZET, 3—F—0F {2 Video Encoder
TOHEFLERITTLILICEY, Fv b
TV EROREN B BT H, 2 —H—
FT=RDT ANy —HRES N, AppDL R 3 A11 Bionic SOC##
Ky 2bYESNET, H OCRER

Processor
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Building LLM Application®) 7 7L >R - =X —2R

WWMP 7 ) 5= a VEBEDIRT— Emerging LLM App Stack

*Data preprocessing / embedding: This stage involves
storing private data (legal documents, in our example)

Contextual Data Pipelines Embedding Model Vector Database

H el Flh A A Al rma A~~~ o~~~y e atabricks, Airflow, - = = = = - en, ohere, "~ > inecone, Weaviate,
to be retrieved later. Typically, the documents are data R r=csleriios Y Cmmre T remanvenn
broken into chunks, passed through an embedding i\ ¢ i
model, then stored in a specialized database called a Tttt Sl T
vector database. rompe vl v
. . Playground _— _— i

*Prompt construction / retrieval: When a user Fewshot —— SR ERM R —— B i

) . A ) examples
submits a query (a legal question, in this case), the o
application constructs a series of prompts to submit to e YTy ———

. . Llamalndex, ChatGPT)

the language model. A compiled prompt typically I - - - - .

. Query > E— LLM Cache —> Proprietary API Open API
Comblnes a prompt template hard_coded by the ———  (Redis, SQLite, GPTCache) ——>| (OpenAl, Anthropic) (Hugging Face, Replicate)

developer; examples of valid outputs called few-shot

. . . . Logging/LLMops "~ """ > Cloud Provider Opinionated Cloud
examples; any necessary information retrieved from (Welgnes Beses, Mitow, ——3) o, o Betabricks, Anyscae
App Hosting PromptLayer, Helicone) — Azure, Coreweave) Mosaic, Modal, Runpod, ...)

external APls; and a set of relevant documents Output "= (eree, Sty
retrieved from the vector database.

*Prompt execution / inference: Once the prompts

have been compiled, they are submitted to a pre-

A
_’
Validation """ """ "
(Guardrails, Rebuff,
Guidance, LMQL)

trained LLM for inference—including both proprietary LEGEND
mOdEI APIS and Open-source Or Self—t raiHEd mOdeIS' Gray boxes show key components of the stack, with leading tools/systems listed
Some developers also add operational systems like Artows show the flow of data through the stack

. . . . . - = = =p Contextual data provided by app developers to condition LLM outputs

rompts and few-shot examples that are sent to the
logging, caching, and validation at this stage. % Fromeisnd few sk eampes tatre s the LLM
————p Output returned to users
@Enterprise

https://al6z.com/emerging-architectures-for-llm-applications/

© NTT Communications Corporation All Rights Reserved. 6



Component References

Data pipelines Embedding model Vector database Playground Orchestration APls/plugins LLM cache
Databricks OpenAl Pinecone OpenAl Langchain Serp Redis
Airflow Cohere Weaviate nat.dev Llamalndex Wolfram SQLite
Unstructured Hugging Face ChromaDB Humanloop ChatGPT Zapier GPTCache
pgvector
Logging / LLMops | Validation App hosting I(_;_rl\c:lpeilzlcse;ry) I(cl)_phgrﬁPls Cloud providers glgitrll(;c;nated
Weights & Biases Guardrails Vercel OpenAl Hugging Face AWS Databricks
MLflow Rebuff Steamship Anthropic Replicate GCP Anyscale
PromptLayer Microsoft Guidance Streamlit Azure Mosaic
Helicone LMQL Modal CoreWeave Modal
RunPod

© NTT Communications Corporation All Rights Reserved.



https://www.databricks.com/product/machine-learning/large-language-models
https://openai.com/
https://www.pinecone.io/
https://openai.com/
https://github.com/hwchase17/langchain
https://serpapi.com/
https://redis.io/
https://airflow.apache.org/
https://cohere.com/
https://weaviate.io/
https://nat.dev/
https://github.com/jerryjliu/llama_index
https://www.wolfram.com/wolfram-plugin-chatgpt/
https://www.sqlite.org/
https://www.unstructured.io/
https://huggingface.co/
https://www.trychroma.com/
https://humanloop.com/
https://chat.openai.com/
https://zapier.com/blog/announcing-zapier-chatgpt-plugin/
https://github.com/zilliztech/GPTCache
https://github.com/pgvector/pgvector
https://wandb.ai/site/solutions/llmops
https://shreyar.github.io/guardrails/
https://vercel.com/
https://openai.com/
https://huggingface.co/
https://aws.amazon.com/
https://www.databricks.com/product/machine-learning
https://mlflow.org/docs/latest/llm-tracking.html
https://github.com/woop/rebuff
https://www.steamship.com/
https://www.anthropic.com/
https://replicate.com/
https://cloud.google.com/
https://www.anyscale.com/
https://promptlayer.com/
https://github.com/microsoft/guidance
https://streamlit.io/
https://azure.microsoft.com/en-us
https://www.mosaicml.com/
https://www.helicone.ai/
https://lmql.ai/
https://modal.com/
https://www.coreweave.com/
https://modal.com/
https://www.runpod.io/
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Building LLM Applicationz 21— X4 —XIZ L 7-Platform® UV 7 7 LV X7 —F T F «

User Portal
Dev/Employee Customer Account Management / IAM
8 | > Client Session Manager / Dashboard

(
Tenant Playground
Prompt execution / inference
r. Prompt Construction / Retrieval

Consumer Workspace

! 1
cese i @ User Session i
it (] ke :

! 2s8 @ User Session

I
I
I
I
:
| 'O' Data Processing / Embedding
User Session | 1 AR
Consumer  ‘eoo_____ Y MSereession s )

o

[T
[T
—j— — — —j—

_________________________

WEB/Mobile APl Management

Orchestrator Database Svc

— XTI F ¥ DRA b
v a—~V—brTZbYVYID
GPUBRL I VR —TF7AX21—
Y —DGPUEFE, EBADETIL
FFxE=HE

- TF Y MIBITBETILEREY
FI&EZZ2Y 7 bz 7 —E XML
LTT Sy b 7+4—LEYRXEE

N o -

Git

® 10,000 /BT TV

5 . . Resource Scheduler - NVLINK Connectivity Manager - Privilege Access Management
F BT IURREFTICSNRREET L

DORBREETINETRTY 2 —Y O

YTTEBY Y~ AEE AT AL NVDIAH10080,000  :[m]: i[m]: i[m]: i[m]: :[m]: :[m]: :[m]: [m]:
aAvya—~v—hrT7byoEHKL Memory 6,400PB  _..™" ... M MM M M

:%ﬁﬁf%@”ét v g v BB

.

FPs 320,000pFLOPS M m]: [m) i) [E) =] =) :[=):

® 3,500 Fine Tuning
® 50 Model Develop
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GPUT X

e B TETILHA X HlZ(F16GB <« V1008 A THIET=3EHE (NECYTuzumi)
« LORA Fine Tune*Tld 60GB («A100LL EDEFIL)
« Full Parameter Fine TuneT(3180GB («NVLINK C#EEZOGPUAE R D)

*Hugging Face Parameter Efficient Fine-Tuning (PEFT) Library{s£F

- s o E3 I \ 3
GPUET L ;.;“S” Cores cypaar® xzyzns ,lf; J2F rpp fiit%
Tesla 4 320 2 560 16 GB GDDR6 320 GB/s 70 W $2.500
Tesla V100 5.120 16 GB HBMe2 900 GB/s 250 W $3.000
A100 432 6,912 40 GB HBMe2 1.6 TB/s 300 W $11.000
H100 456 14,592 80 GB HBMe2 1 350W $30.000

MR DIERILAEDOEGZETCIENTT
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GPUDEARN &S

--- Application Toolkit ---

CUDA Toolkit
5 )
e ozl --- runtime library---
=Tensor— — T T § User Mode Driver (libcuda.io)
A A B B Kernel Driver (nvdia.ko)
iy NVLink Bridge . <NVDIA Display Driver Package>
H—RT h)L—> | < > 1
] “ CUDA Toolkit
nls NVLink Swich
ZRFTRY b .
| . _ B200
NVDIA Volta(2017)#* > Video RAM NVDIA Blackwell Architecture
- 288billion Transistor
BB RN D TSMC 4nm Process
'#ensor Core 10TB/s interchip communication
TensorRT-LLM Core
Et— CUDA Core GPU Processor

FP4 micro-tensor Scaling
TEE-1/O%¢t: Confidential Computing
NVLink Switch Chip (NVL72 130TB/s)

L4 kL —>>%2— RTCore

© NTT Communications Corporation All Rights Reserved. ©YAMASHITA Technology & Engineering Office, LLC 13



VGPUD R 1 —Y>

CUDA Multi Process Service

) A N Virtual Machine | Virtual Machine ' Virtual Machine
(nvdla—cuda—mps—serverb‘I\/IPS Z & LZLL’)) 3 parallel CUDA containers / processes 1 CUDA container/process 1 CUDA process

4 i 4
( cuoa MULTIPROCESS SERVICE CONTROL )
CPU Processes
GPU Execution
f v y
( VOLTA MULTI-PROCESS SERVICE )

Compute Compu(e
Instance Instance Instance

Memory Memory

GPU Instance 4g.20gb
vGPU (SR-IOV Virtual Function)

GPU Instance 2g.10gb GPU Instance

vGPU vGPU

Volta GV100
S

J

*mps-deamon: mps® controller DX E], mps-clientDuidZ B T, mps-server&irH EIf7-1) & Wo/-EBA2 3 5,
*mps-server: GPUE |[Z1Z 5 £ Dserver, GPUDscheduler D&,

smps-client: mps-deamon3 & U'mps-server& VIR Y 29 272D H D, 170X L TILH LA B,

https://docs.nvidia.com/vgpu/latest/grid-vgpu-user-guide/index.html
https://docs.nvidia.com/deploy/pdf/CUDA Multi Process Service Overview.pdf
© NTT Communications Corporation All Rights Reserved.

14



https://docs.nvidia.com/vgpu/latest/grid-vgpu-user-guide/index.html
https://docs.nvidia.com/deploy/pdf/CUDA_Multi_Process_Service_Overview.pdf

ModelZ=GPU(CEHTE D

Y —ZDOKEIFIREENERE L TLWAEHROSSE Y b
RBGPUZ X7 a—Y v J7ICHWAZ E THEMAIGARY Y —XF v XU T4 2RELTT U T—a v il8 YT EAAIEEICR S

if torch.cuda.is available():
model = model.to(“cuda:0")

model = AutoModelForCausallM.from pretrained(model name, torch dtype="auto",device map="auto")

0 NVIDIA A100 80GB PCIe 00000001:00:00.0 Off
40C PO 6997MiB / 81920MiB Default
Disabled

NVIDIA A100 80GB PCIe 00000002:00:00.0 Off
38C PO 6997MiB / 81920MiB Default
Disabled

export CUDA VISIBLE DEVICES=0, 2
export CUDA DEVICE ORDER=FASTEST FIRST
torchrun trainer-program.py

© NTT Communications Corporation All Rights Reserved.




CONTAINERIZED APPLICATION

DEEP LEARNING APPLICATIONS
DEEP LEARNING FRAMEWORKS
DEEP LEARNING LIBRARIES
CUDA TOOLKIT

Enabling GPUs
in the Container
Runtime Ecosystem

MAPPED NVIDIA DRIVER
CONTAINER 0S

The NVIDIA Container Runtime introduced
here is our next-generation GPU-aware
container runtime. It is compatible with the
Open Containers Initiative (OCl) specification
used by Docker, CRI-O, and other popular
container technologies.

You'll learn about the NVIDIA Container
Runtime components and how it can be
extended to support multiple container
technologies. Let's examine the architecture
and benefits of the new runtime, showcase
some of the new features, and walk through
some examples of deploying GPU accelerated
applications using Docker and LXC.

CONTAINERIZATION TOOL

« NVIDIA CONTAINER RUNTIME FOR DOCKE
* DOCKER ENGINE

= NVIDIA DRIVER
* HOSTOS

NVIDIA DGX SOFTWARE STACHK

© NTT Communications Corporation All Rights Reserved.


http://cri-o.io/

Google TPUZES (VMAR—X)

Dockerz & a> 57 FIZTPU VM ECEI{ES & %
(TPUVM ED O/ 5 —HAE)
—>NXT7Yy oAy TFA—4T AL =3V ERWARZENTELR WL

Cloud TPU VMICHERET 5
$ gcloud compute tpus tpu-vm ssh tpu-name --zone=us-central2-b

PyTorch/XLAA Y /XA T —% A VA F—=ILT 3
$ pip install torch~=2.4.0 torch xla[tpu]~=2.4.0 torchvision -f https://storage.googleapis.com/libtpu-releases/index.html

277 b

S export PJRT DEVICE=TPU
import torch
import torch xla.core.xla model as xm
dev = xm.xla device ()
tl = torch.randn (3, 3,device=dev)
t2 = torch.randn (3, 3,device=dev)
print (tl + t2)

EIT9 5
$ python3 tpu-test.py
tensor ([[-0.2121, 1.5589, -0.69517,

[-0.7886, -0.2022, 0.9242],
[ 0.8555, -1.8698, 1.4333]], device='xla:1")

TPU TETENZa—RlF. 72T —ZERAE XLA) AV /A4 F1&>TaAVRALTEIRELAHY T, XLAIF. ML 7L —LT—2 77U r— a3 itd->TH
HEINET T T72ZITRY . 75 708, BE. 03y R—% > 2 TPUTY Y I—FRICAVRSANLTEY VYAV RA L IV, 5TF, 7ATITLDEY D
ot TPU KRR R TEITENE T, XLA OV /%4 F . TPUKRR TV TETEND TPU 70 XA LDO—ETT,

© NTT Communications Corporation All Rights Reserved.
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Bing Tang, Jincheng Luo, Mohammad S. Obaidat & Pandi Vijayakumar _
"Container-based task scheduling in cloud-edge collaborative environment

using priority-aware greedy strategy”
https://link.springer.com/article/10.1007/s10586-022-03765-2

Dockericf{FR N2 3 v 7 HEEBAEMIZ. BE. &ELT 704, BE%

$¢¢E|_¢L&t®?ﬁ'J5b‘ b, ERTLLAIBEINTWS, XfgTlE, 777K
Ty VHRAREICEIT2 2T HEMICEDCAIR=XDI0TT 7V 7r—
YarOYFVFEERL, AVTIR=ADRRAIG R a=YYTTNL
O XAL%RET D, BERIBEMUZZERE L -BNEEEZBWLT,
TOPSIS(TeChmque for Order Preference by Similarity to Ideal Solution) &
WO EZEET7 /O —F A LAEZPGTEWSFHLWRT Y2 -7 7)d
DRXLZRET S, 777 =Ny oH—1"DO Vi-i'ti,ﬁ—éﬂf:
Ty N T7A—LTEBEIN, TV =3 — txi:/TfW T
7R 43NnNb, BERENEWZD, HEHFHNO/NTWE R 7 HARAIC
Ta—Urransd, R, XX ORERE, TxRILX— ﬁ%g\ﬁzﬁ
RFAR L CEHAOIEEERANICEE L, %20 EF ICEBE AT S
2O D, TyIPY—NOBERRIOYZESELITTE-TyY
Tﬂtpﬂix‘ﬂiﬁ, BiFs>1a l/ > 3 ¥ DIER. 17 BT a—) v IFEIL.

A

Task Queue

______7\
_1)55[%1 f" Eiﬁﬁw

)

|

]

]

]

R ¥ Controller  schedule E
|

. . - o |
]

|

)

L:;mrc\ 40@/\*—x ZAYT7NTY R L% LR EDRENT, (é) é)L’
P
Edge
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https://link.springer.com/article/10.1007/s10586-022-03765-2

NVDIA DGX H100 GPU-Direct RDMA#=#

GPU/ — FEBIETHRAFCPUZNT B ALK, GPUXEY —BCEET —XinxaER
— RDMAZEIHT 2 BET7 X 7 X — & CUDA ToolkitiZ & > TGPU-Direct RDMAZ% =38
v/ —FEBEWEGPUXEY —[BlT —X&EXAx 4+ 70— K TZ 5

YAFL YAFh
b CPU CPU gl
n—K n—K
GPU I  GPU | | GPU | GPU
XEY~— H100 H100 XEY—
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BRELI0T -T2 5—(=E)
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Building LLM Applicationz 21— X4 —XI|C L 7=Platform® VUV 7 7 LV X7 —FF I F +

User Portal
Dev/Employee Customer Account Management / IAM
8 | > Client Session Manager / Dashboard

(
Tenant Playground
Prompt execution / inference
r. Prompt Construction / Retrieval

Consumer Workspace

! 1
cese i @ User Session i
it (] ke :

! 2s8 @ User Session

|
|
|
|
l
| 'O' Data Processing / Embedding
User Session | 1A
Consumer = ‘eeoo__.__ri=c Useroession N )

o

[T
[T
—j— — — —j—

_________________________

WEB/Mobile APl Management

Orchestrator Database Svc

— XTI F ¥ DRA b
v a—~V—brTZbYVYID
GPUBRL I VR —TF7AX21—
Y —DGPUEFE, EBADETIL
FFxE=HE

- TF Y MIBITBETILEREY
FI&EZZ2Y 7 bz 7 —E XML
LTT Sy b 7+4—LEYRXEE

N o -

Git

® 10,000 /BT TV

5 . . Resource Scheduler - NVLINK Connectivity Manager - Privilege Access Management
F BT IURREFTICSNRREET L
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