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Generative Al

> Al models that can create new content
» Images, Text, Audio, Video

> Revolutionizing various industries

> Manufacturing, design, gaming, education,
entertainment, and research

> GenAl increases Storage demand
> Training, Checkpointing, Inference, RAG
» Performance, Reliable, Capacity & Secure

3]©2025 SNIA Developer Conference. All Rights Reserved.

Precedence  Generative Al Market Size 2024 to 2034 (USD Billion)

RRRRRRRR

1200

$1,005.07

1000
$803.90
800
- $548.74
o $374.56
$255.67
$174.52
200 $ sg1.32 11913
$25.86 $37.89 $55.51 . I
0 — - [ ] . l

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

ce: https://www.pr

Al Powered Storage Market
Size, by Component, 2025 - 2030 (USD Billion) GRAND VIEW RESEAR CH

Global Market CAGR,

2025 - 2030
$30.68 I I

2020 2024 2022 2023 2024 2025 2026 2027 2028 2029 2030
Source:

@ Hardware Software ...W'Jm"-m~

=SDGC




Stable Dit

Deep learning, text-to-image model released in 2022

‘usion

Open source Gen Al technology from Stability Al

Use cases: Design & Art, Entertainment, Gaming, Marketing, Healthcare, Fashion

VISIZN
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An image generated with Stable Diffusion
Text prompt: a photograph of an astronaut riding a horse
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Understanding Stable Diffusion Model

- Open-source

> Runs on PyTorch and HuggingFace open-source frameworks

- Core components:

> CLIP(Contrastive Language-Image retraining):

> Text encoding

> U-Net

> Denoising

> Variational Auto Encoder(VAE)
> Image encoding/decoding a

202 | f Il Righ d : 25
5]©2025 SNIA Developer Conference. All Rights Reserved. g




r~

LDM(Latent Ditfusion Model) Architecture

. Y
- Pixel space: Encoder sanibe i Conditioning
, . Diffusion Process eman
> Image to pixel(x) Ma
g Denoising U-Net €g Nz Text

> Compress to latent image (x > z)

- Latent Space

> Diffusion Process:
> Add noises gradually(z s zr)

Repres
entations

. Pixel Space
> Denoising U-Net —\ =
> Remove noise steps (zr > z)
> With guidance (self/cross attention) denoising step crossattention  switch  skip connection concat ~—
> CO N d |t| onin g Source: https://arxiv.org/pdf/2112.10752

> Semantic Map, Text, Reference images
> Inputs to Denoising process make better output latent

- Pixel Space: Decoder
> Latent image(z) to high resolution image (x)
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Storage Components in Stable Diffusion

Pre-trained models
Intermediate latent data ( temp noised images)
Output images store

\_

.

{Prompts and Logs J
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Storage-Intensive Components
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Model Load

e Read

e Stable Diffusion 3.5 Large: ~20GB (fp16), 8.1 billion parameters.

e Stable Diffusion 3.5 Medium: ~10GB (fp16), 2.5 billion parameters.
¢ SDXL Base Model: ~6.6GB.

¢ Checkpoint models: 2-7GB

Generated Images

e Write-heavy
¢ 5-50 MB/image
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Goal

> On-Prem deployment

- Scalable storage for SD deployment

- Stress the SD workload on storage

> Analyze and understand |O during SD

- Increase the lifespan of storage device

f ; . 25
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Cloud vs On-Prem Stable Di

‘usion

Privacy No Yes
Control and Customization Limited Full
Cost Effective Short Term Long Term
Access APl rate Unlimited
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‘ Deployment of Stable Di

> Install Tools

> Clone pre-trained model
> https://huggingtface.co/CompVision/stable-diffusion

- Setup inference environment
- Provision Storage for Model and Images
- Generate Images from prompts

Install
Tools

Download
Model
Python, Checkpoin

Setup
Storage

Download
& Setup

Generate

for images Launch Ul
and

models

Git, t

Docker, - Hueein
GPU BES
Face

Images

Web Ul

drivers
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H/W Setup

Stable Diffusion Service
AMD Genoa Storage Server
32 x 16 TB TLC NVMe drives

Intel x86 server
H100 80GB PCle GPU

- Flexibility to disaggregate
compute and storage

L B DID);E » As user grows, compute and 128 GB DOR>
100 GBE storage expanded separately e
CUDA version: 13.0 - Stable diffusion is leveraging 57D 2200 (eive o e
the backend storage.
> Model

> Generated Images

> Checkpoints

; : 25
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Containerization of Stable Di

Containerized
Stable Diffussion

NVMe OF

docter sorter soiter > Single SD instance - Serial processing

> On-Prem multiuser environment requires
parallel processing.

- Leveraging the Docker containerization for
Initiator .
I —— . parallelism.

f179 s g / 5 5 days 5 dz 8 25-2792 2 2 able-di ton-webui-docker_25

iebut-dockel

iebut-dockel

sebui-docke I_ d d | d ©

el - t

B » LOad moael and generates Images

sebui-docke

sebui-docke

webui-docker 17

webu1i-dockel *

sebui-docker

o e > dCale Independently as user grows

y 5 H vebui-docker.

ntrypoint..t 5 5 17912->7912/tcp le-diffus ion-webui-docke
u/docker fentrypoint.* 5 5 7911/ 311--7811) [ e e
" r 91 sebui-dockel
/ sebui-docker,
/ sebui-docke
/) 5 ) E sebui-docker
/ int. 5 5 b le-di ion-webui-docke
/ vebui-docker,
/ sebut-docke
/) sebui-docker
/
/

ntrypoint..* 5 5 le-diFfus ion-webui-dockei
ntrypoint.." 5 day 5 day le-diffus ion-webui-dockei

Muti-container status
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Stable Diffusion Workload Generator

- Load generator script
> Multithreaded, RestAPI using 1000’s of random user prompts for image generation

> Runs on 25 containers

Portraits & People
alistic portrait of an old sailor with deep wrinkle
yberpunk woman with glowing tatto

T reques
t random
t threading

Victorian gentleman with a monocle,
rait of a v ng warrior with ed hai
geisha in a kimono anding under cherry blossoms, waterco
0 costume ept, ci tic concept art.
1 knight in shining a HDR photography style.
ampunk inventor woman with b
Landscapes & Nature

server =
ports =

A
A
A
A frican woman
A
A
A

> > B>

mountain p with aurora b alis, wide-angle shot.
1 beach with crystal clear wa ography.
golden hour light, ultr:
nted fo a digital art.

.

port):

> >

volcanic erup

futur floating island in the

desert oasis with palm trees, wat lor painting.

. Fantasy & Mythology

dragon flying r a medieval castle, fant illustration
Greek goddess standing in a marble temple, oil painting.
dark ard ing a spell, glowing aff, digital art.
phoenix ing from flames, high detail fantasy art.
mermaid underwater : ing c dreamy atmosphere.
No god wielding a giant hammer, epic concept art.

fairy queen with glowing wings in a magical forest.
dwarven bl mith i i op .

= >

> B>

requests.post{url=Ff"{ I » Jjson=payload

P A

samurai fighting a demon, anime style.
medi 1 tavern full of adventurers, D&D fant illustration
Sci-Fi & Futuristi
o street at night, cinematic shot.
t exploring an al de cept art.
ation orbiting Earth, ultra detail.
another robot in a workshop, ar style.
th flying cars, Blade Runner
phic library in the year 2500, digital art.
mecha robot standing in rain, anime concept art
c soldier in exosuit, battlefield s fi concept.
a lab.
aceship docking inside a massive alien mothership.
Arch ure & Interi:
s raper in York, ult realistic.
medieval castle on a cliff, matte painting style.

e

> A

threads = []
port in ports:
random_prompt = random.choice(promp .replace(

> > P> PE DB

thread = threading.Thread(target=stable diffusion, args=(port, random prompt,
.append (thread)
thread. start()

> > > P>

thread in thread
thread. join()

>

.

14 | ©2025 SNIA Developer Conference. All Rights Reserved.



NVTOP

» Stable Diffusion workload stress
> Reached max utilization of GPU

> Parallel image generation

[NVIDIA Hiee
1755MHz MEM 1593MHz T

1206146
1207087

12609474 D _omput D 3088M1B
120364: 3 C 5 3078M1iB
" D 3078MiB
3078MB
3078M1
3678MiB
3878MiB
3078M1
3078MiB
1124MiB : SOM1l hon -u
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Stable Diffusion: Multi-container Image Generation
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- Generated images
> 4GB model

> 1024 x 1024
> Parallel Images
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Storage Characteristics
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Analysis for Stable Diffusion: Model Load - Single Container

|/O Operations: Time vs LBA Range
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Analysis for Stable Diffusion: Model Load - Multi Container

Multi Container

I/O Operations: Time vs LBA Range ° Random Read |O
e 25 parallel access that forms a
@ READ /O
3 b o ‘ B W WRITE [/O Random |O
2 . * Load time: 28 secs (4 GB)
& & @
O ]
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Block Distribution - Model Load

The graph depicts the model load workload on the device

- 128KB (Read): 65%
- 256KB (Read): 33%
- 4K (write): 0.05%

Block Size Distribution (Top 4)
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Analysis for Stable Diffusion: Multi-container Image
Generation

Multiple container:
* Every single container creates image files sequentially
* Multiple stream makes the write IO to random nature to the SSD

I/0 Operations: Time vs LBA Range I
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Stable Diffusion on FDP

- Image generation workload:

> 128 K, 16K, 4K, 32K - Access

granularity

Block Size Distribution (Top 4)
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Block Size: 128 KB
Type: WRITE
Count: 1,314

Percentage: 42.10%

Block Size: 16 KB
Type: WRITE
Count: 801

Percentage: 25.66%
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Type: WRITE
Count: 94
Percentage: 3.01%

128 KB 16 KB 4 KB 32KB

Block Size: 4 KB
Type: WRITE
Count: 286

Percentage: 9.16%

Block Size

Block Distribution - Image Generation
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1.05
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0.95
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- SD Workload on FDP enabled and
disabled device

> 20% WAF reduction
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Summary

> On-Prem Deployment for better control and privacy
- Storage is as critical for better user experience
> NVMe-oF enables disaggregated, scalable storage

> Random |O is inevitable in Al systems
> Time to think 100 million IOPS storage

- FDP enabled storage will reduce WAF

> Multi-tier storage setup for performance and capacity
» High Performance: Latest models and generated images
» Low Performance: Old models and archived images

; : 25
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Thank you for attending!

Please remember to rate this session. You get access the presentations at
http://sniadeveloper.org/conference
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