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Compelling Visual
GenAl Use Cases

Gaming Experiences
Room Design
Novel lllustration

Fashion and E-Commerce
Web Design
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OpenVINO stable-zephyr-3b Chatbot
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model size footprint speed
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model size footprint speed + optimizing
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Large Large memory Slow inference Difficulty training No flexibility to
model size footprint speed + optimizing run workloads
on different HW
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Three Al
Engines

with Intel® Core™ Ultra Processor [N

Heterogenous execution of Al
workloads embraces the best
practices in Al software design

Deliver up to 34 TeraOPS'

1. Based gnTFxtel'&QoF%!?f;Ultra 7165H processor combined TOPS
of CRU/GPU, and NPU effgines.




Accelerate Generative
Al with OpenVINO ™

Strategy Flexibility to Run
Optimizing Workloads on CPUs
and Intel GPUs




summit

Flexibility to Run
Workloads on CPUs
and Intel GPUs

FP16 conversion on the fly for GPU devices

Python
from openvino.tools.mo import convert model
from openvino.runtime import serialize
ov_model - convert model ("model.onnx")
serialize (model-ov _model, xml path-"model.xml")
Python

from openvino.runtime import Core

core — Core()
text enc - core.compile model (TEXT ENCODER OV _PATH, 'GPU')

unet model = core.compile model (UNET OV _PATH, 'GPU')
vae decoder - core.compile model (VAE DECODER OV PATH, 'GPU')



How to use diffusers to build Al-inference solution

import torch
from diffusers import DiffusionPipeline

pipe DiffusionPipeline.from pretrained
"runwayml/stable-diffusion-v1-5"
torch dtype-torch.floatl6
use safetensors=True

pipe pipe.to ("cuda")
prompt "a photo of an astronaut riding a horse on mars"

pipe.enable attention slicing()
image pipe (prompt) .images[0]

©penVIN®

v  Diffusers

Library provides pipelines to support many use-cases

Kandinsky 3 text2image, imageZimage

Latent Consistency Models text2image

Latent Diffusion text2image, super-resolution

LDM3D text2image, text-to-3D,
text-to-pano, upscaling

MultiDiffusion textZ2image

MusicLDM text2audio

Paint by Example inpainting

ParaDiGMS text2image

Pix2Pix Zeo image editing

intel.



Strategy
Optimizing

©penVIN®

Optimumintel [~ +ntel

Pyth
- from diffusers import StableDiffusionPipeline
+ from optimum.intel.openvino import OVStableDiffusionPipeline

model id = "stabilityai/stable-diffusion-2-l-base"
- plpe = StableDiffusionPipeline.from pretrained (model id)
+ pilpe = OVStableDiffusionPipeline.from pretrailned (model 1id)

pipe.save pretrained("./stabilityai cpu")

prompt = "red car 1n snowy forest"

output cpu = pipe (prompt, num inference steps=17) .images[0]
output cpu.save ("image cpu.png")

intel.



Optimization of Al-Models

Reduce
Memory
Footprint

FP32 Native Model FP32 OpenVINO™ Model FP16 OpenVINO™ Model

8.0K stabilityai_cpu/feature_extractor 8.0K openvino_ir/feature_extractor 8.0K modelSD21_dGPU_QV/feature_extractor
1.3G stabilityai_cpu/text_encoder 1.3G openvino_ir /text_encoder 652M modelSD21_dGPU_0OV/text_encoder
80K stabilityai_cpu/scheduler 13IM openvino_ir /vae_encoder 8.0K modelSD21_dGPU_0OV/scheduler

1.6M stabilityai_cpu/tokenizer 8.0K openvino_ir /scheduler 1.6M modelSD21_dGPU_OV/tokenizer

33G stabilityai_cpu/unet 1.6M openvino_ir /tokenizer 17G modelSD21_dGPU_0OV/unet

320 stabilityai_cpu/vae 3.3G openvino_ir /unet 96M modelSD21_dGPU_0V/vae_decoder

M stabilityai_cpu/ 190M openvino_ir /vae_decoder 24G modelSD21_dGPU_0V/

4.9G 4.9G openvino_ir /

summit



Reduce
Memory
Footprint

Weight Compression

Aims to reduce the
memory footprint of a
model.

summit

Quantization with
Optimum Intel and NNCF

o>

l
O<O

Post-Training
Quantization

Transforms the model
into a more hardware-
friendly representation
without retraining or fine-
tuning.

S

Training Aware
Quantization

Improves model
performance by
applying optimizations
(such as guantization)
during the training.

Image generated after
INT8 quantization



https://www.youtube.com/watch?v=ZHE0a7kSMuw&t=335s

GenAl Model Workfilow with OpenVINO

Optimum-Intel
(base on Transformers and Diffusers)

1 | Convert MODEL 2 | Optimize MODEL 3 | Deploy MODEL 4 | Build PIPELINE

PyTorch Frontend NNCF Runtime(Backend) « Text-generation
openvino.model_convert . Weight Compression . C e  Text-to-ima
torch.compile . PTO . C++ © © ge

QAT . Python °

summit



¥ 263-latent-c... (3) - Jupyterlab X & 24-nex-openvino-2023-3-Its-l= X

@ openvino notebooks github & X @ openvino_notebooks: i Acol X () GitHub - openvinotoolkit/oper X =+

> € B @ localhost:8888/lab/tree/263-latent-consistency-models-image-generation/263-latent-consistency-models-optimum-demo.ipynb

Tabs

<

* 3x 0 FBE

: File Edit View Run Kernel
o .

Filter files by name Q

B / 263-latent-consistency-
models-image-generation /

Name -

Settings

[W] 254-lim-chatbot.ipynb

Help

B model

8 openvino_ir

["] 263-lcm-lora-controlnet.ipynb
M image opt.png

image standard pipeline.png
M README.md

[M] 263-latent-consistency-model...
263-latent-consistency-model...

o [M] 263-latent-consistency-model...

B + X

'_Dl:lmh]lc» Code

v

o
QoA Fr 049 4L 6O

X ' [W] 263-latent-consistency-mc® = [® 287-yolov9-optimization.ipX =+

& Python 3 (ipykernel) @

Compiling\t}he unet to GPU ...

Compiling the vae_encoder to GPU ...

Compiling the text_encoder to GPU ...

prompt = "A cute squirrel in the forest, portrait, 8k"

-

image_ov = ov_pipeline(prompt=prompt, num_inference_steps=4, guidance_scale=8.0).images[@]

image_ov.save("image_opt.png")
image_ov

0%

0/4 [00:00<?, ?it/s]

Simple =~ 0 4 {8 Python 3 (ipykernel) | Busy

Mode: Edit

@ Ln1,Col1

263-latent-consistency-models-optimum-demo.ipynb 1 [\

© % 0

£
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Visual Gen Al
Models and:
OpenVINO
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https://github.com/openvinotoolkit/openvino_notebooks/tree/main/notebooks/225-stable-diffusion-text-to-image

OpenVINO Notebooks &

Text-to-Image:
Latent Consistency Model



https://github.com/openvinotoolkit/openvino_notebooks/tree/main/notebooks/263-latent-consistency-models-image-generation

OpenVINO Notebooks &

QR-Code Generation:
ControlNet QR Code Monster

summit


https://github.com/openvinotoolkit/openvino_notebooks/tree/main/notebooks/264-qrcode-monster

OpenVINO Notebooks &
Text-to-Image:
Stable Diffusion ControlNet Conditioning

Input annotation

T2 E—

openpose
keypoint
detection

Stable
Diffusion
ControlNet

Full-body, a young female, dancing outside of
restaurant, brown eyes, wearing jeans

Input Prompt


https://github.com/openvinotoolkit/openvino_notebooks/tree/main/notebooks/235-controlnet-stable-diffusion

OpenVINO Notebooks 5

Image-to-Image: InstructPix2Pix



https://github.com/openvinotoolkit/openvino_notebooks/tree/main/notebooks/231-instruct-pix2pix-image-editing

OpenVINO Notebooks =

In-Painting: Paint by Example

Extract Mask from
Input Image Draw Mask on Image Canvas and Invert

Result Image

Stable

Inpainting Pipeline

Al
summit


https://github.com/openvinotoolkit/openvino_notebooks/tree/main/notebooks/272-paint-by-example

OpenVINO Notebooks =

Multimodality: ImageBind

Cross-modal retrieval

Audio Image & Video Depth Text
“A train pulls into a busy station”
[j ) “Wind blows as a train moves
through a grassy landscape”
Train horn “People sip coffee in the dining car”
R »
Embedding-space arithmetic Audio to image generation
Image Audio Retrieved image Audio Generated image

—I—()) N

) R
0 4

Penguin calls

Motor revving

summit




OpenVINO Notebooks =

Text to Video: ZeroScope

Darth Vaderis
surfing on waves

summit


https://github.com/openvinotoolkit/openvino_notebooks/tree/main/notebooks/253-zeroscope-text2video




USE CASES

Agent Simulations
Agents

Autonomous Agents

Classification
Code Understanding
Code Writing
Evaluation
Extraction
Interacting with APIs
Multi-Modal
QA Over Documents
Self-Checking
SOL

Summarization

Tagging

LLM Use Case

OpenVINO llama-2-chat-7b Chatbot

2 Chatbot

Write a tweet announcing that the Liama 2 LLM can now run on Intel Arc GPUs with OpenVINO

Advanced Options

= Click on any example and press the 'Submit' button




USE CASES
Agent Simulations
Agents
Autonomous Agents
Chatbots
Classification

Code Understanding

Evaluation

Extraction

Interacting with APIs

Multi-Modal
QA Over Documents
Self-Checking
SOL

Summarization

Tagging

LLM Use Case

screensnot = i1mageurav.grao\)

# Convert to text

text = image_to_string(screenshot)

# Parse text for email ad

emails = re.findall(r' [\w\.

return emails

validate(addresses) :

-1+@[\w\.-1+', text)

Code Generation



LLM Use Case

USE CASES

Agent Simulations b Bi n Can you create me an image of an astronaut
et g walking through a galaxy of sunflowers?

Autonomous Agents

Chatbots
Classification
Code Understanding
Code Writing
Evaluation

Extraction

Interacting with APIs

Multi-Modal

Made with Image Creator

QA Over Documents

Self-Checking o S G G

SQL e @ Type message @

Summarization

Ai Tagging
summit




Example: How is a Chatbot Working?

New
Question

Multi-Round Q&A

summit
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Deploy LLM
with OpenVINC




LLM-Enabled

Use Cases
Chat Bot Code Generation Search Text Classification Content Creation Instruction Following

Example Model Support Includes, But Not Limited to

GPTdJ Notus LLaVa Llama2 BLOOM chatGLM Neural Chat Baichuan Mixtral
MPT Dolly Qwen Mistral Zephyr RedPajama LLM chatbot Yi

summit



OpenVINO ™ [ntegration with
OptimumAccelerate Transformers

LI ]

Task Auto Class v Intelc

text-classification  OVModelForSequenceClassification

) P P Python
token-classification  OVModelForTokenClassification ~ from transformers import AutoModelForCausallM
question-answering  OVModelForQuestionAnswering + from optimum.intel.openvino import OVModelForCausalLM

audio-classification OVModelForAudioClassification

- model = AutoModelForCausallLM.from pretrained(model id)

image-classification = OVModelForlmageClassification . .
+ ov_model = OVModelForCausalLM.from pretrained(model 1id)

feature-extraction OVModelForfFeatureExtraction

fil-mask  OVModelForMaskedLM generate ids = ov _model.generate (input ids)
text-generation OVModelForCausallLM

text2text-generation OVModelForSeg2SeqlM

Al
summit


https://huggingface.co/docs/optimum/main/en/intel/inference#transformers-models

IR

L
.




Challenge for LLM Deployment

LLM Inference is a Memory Bound Task

Attainable
Performance P
A : W/ 4
Memory : : l Compute /
Bound Bound / m

Maximum
Attainable

Performance

Operational

» [ Intensity
FLOP/Byte




1. Weight Compression (NNCF)

Model Mode Perplexity Perplexity Increase Model Size (GB)
databricks/dolly-v2-3b  fp32 5.01 0 10.3
databricks/dolly-v2-3b  int8 5.07 0.05 2.6
databricks/dolly-v2-3b  int4_asym_g32_r50 528 0.26 2.2
databricks/dolly-v2-3b  nf4_g128_r60 519 0.18 19

3.28 251

meta-llama/Llama-2-7b-chat-hf  fp32
int8

intd_asym_gl128_r80

meta-llama/Llama-2-7b-chat-hf

meta-llama/Llama-2-7b-chat-hf

meta-llama/Llama-2-7b-chat-hf  nf4_gl28
togethercomputer/RedPajama-INCITE-7B-Instruct ~ fp32 415 o) 25.6
togethercomputer/RedPajama-INCITE-7B-Instruct  int8 417 0.02 6.4
togethercomputer/RedPajama-INCITE-7B-Instruct  nf4_ov_g32_ré0 428 013 51

togethercomputer/RedPajama-INCITE-7B-Instruct  int4_asym_g128

Al
summit


https://github.com/openvinotoolkit/nncf/blob/develop/docs/compression_algorithms/CompressWeights.md

OpenVINO ™ Integration
with Optimum

Using AutoGPTQ with int 4 precision:

# make use of optimum-intel
optimum.intel OVModelForCausallM

# load pretrained model, convert to OpenVINO representation

# with keeping weights in int4
model OVModelForCausallM. from pretrained("TheBloke/Llama-2-7B-GPTQ"
use cache-True, export-True)

# store OpenVINO IR in a folder
model.save pretrained("./Llama-2-7B-GPTQ")

Python


https://huggingface.co/docs/optimum/main/en/intel/optimization_ov#optimization

2. Stateful Transformation
How to optimize KV cache with OpenVINO

Output

Output

State | ess M Od e | Model Execution Speedup

User Code Simplification

Stateful Model

KV Cache

Input ot

KV cache

Next Token

Next Token

summit


https://github.com/openvinotoolkit/openvino_notebooks/blob/main/notebooks/254-llm-chatbot/converter.py#L11

Gradio X + )

< C ¢ A NotSecure | 172.25.210.65:10000 ahw C» @ 0@ :
OpenVINO Chatbot

=) Chatbot

Write me a poem about CPU and GPU| © Submit Stop Clear

Advanced Options: <

= Click on any example and press the 'Submit' button

What is OpenVINO in plain English, and a few sentences?  Why is the sky blue in a few sentences? = Can you explain this to a 5 year old in a few sentences, with emoji

Write a 100-word blog post on “Benefits of Artificial Intelligence and OpenVINO*
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EW Benchmark
Tooland C++
Examples for LLM




openvino.genai E]

Pinned
] openvino | Public B nncf  Public
OpenVINO™ is an open-source toolkit for optimizing and deploying Al Neural Network Compression Framework for enhanced OpenVINO™
inference inference
@cC++ Yrs54k %19k @®Python  Yr729 Y187
£l openvino_notebooks ' public ] openvino.genai ' Public
N Jupyter notebook tutorials for OpenVINO™ Run Generative Al models using native OpenVINO C++ API
@ Jupyter Notebook w17k % 651 @ Python w3 ¥
] model_server  Public ] training_extensions = Public
A scalable inference server for models optimized with OpenVINO™ Train, Evaluate, Optimize, Deploy Computer Vision Models via OpenVINO™
®c++ el ¥iss @ Python Y711k % 437

Al
summit


https://github.com/openvinotoolkit/openvino.genai

openvino.genai
Benchmark Tool

Input Length — Output Length

numactl -N 1 --membind=1l python benchmark.py -m /mnt/llm_irs/modelf db24bab9_stateful/llama-2-13b-chat/pytorch/dldt/compressed_weights/OV_FP16-INT8_ASYM -d cpu -r ./test_report_db24babd/1l
INFO:nncf:NNCF initialized successfully. Supported frameworks depfected: torch, onnx, openvino

[ INFO ] ==SUCCESS FOUND==: use_case: text_gen, model_type: 1lsma-2-13b-chat

[ INFO ] OV Config={'PERFORMANCE_HINT': 'LATENCY', 'CACHE_DI "', "NUM_STREAMS': '1'}

[ INFO ] OPENVINO_TORCH_BACKEND_DEVICE=CPU

[ INFO ] Model path=/mnt/llm_irs/models_db24babg_statefu

lama-2-13b-chat/pytorch/dldt/compressed_weights/OV_FP16-INTS_ASYM, openvino runtime version: 2024.9.0-14166-db24bab90ae-pr_22392
Compiling the model to CPU ...

[ INFO ] From pretrained time: 5.7@s

[ INFO ] Read prompts from /home/build/jenkins_home/wqrkspace/test-1lm-model-imp/llm_prompts/32_1024/1lama-2-13b-chat.jsonl

[ INFO ] Numbeams: 1, benchmarking iter nums(exclude garm-up): 3, prompt nums: 2

[ INFO ] [warm-up] - i i who liked to have adventures. She wanted to go to places and meet new people, and have fun

[ INFO ] [warm-up] [Input token size: 32, Output size: 128, Infer count: 128 oken1’at1on Time: 4.60ms, Detokenization Time: ©.4@ms, Generation Time: 9.91s, Latency: 77.42 ms/token

[ INFO ] [warm-up] First token latency: 649.84 ms/token - e - en. len of tokens: 128

[ INFO ] [warm-up] JFirst infer latency: inference count: 128

[ INFO ] [warm-up]

[ INFO ] [warm-up] Re - 5108 EoUTObIaTo1CS |

[ INFO ] [warm-up] Generated: <s> Once ugpn a txme, there existed a little gir] who liked to have adventurd®dg, She wanted to go to places and meet new people, and have fun. She was always a

First Token Latency (ms) Other Token Latency (ms) Memory Usage (GB)

' Al
summit


https://github.com/openvinotoolkit/openvino.genai/tree/master/llm_bench/python

OpenVINO ™ GenAl Pipeline Repo

OpenVINO Native C&C++ Pipeline for Gen Aland LLM

Bt

LCM (with LoRA)
Generation Pipeline C++image Generation Pipeline

Stable Diffusion (with LoRA) C++image


https://github.com/openvinotoolkit/openvino.genai

©penVIN®

Customize
Your LLM

®




Challenge for LLM Application

Fabricate Facts Knowledgeis Lack Knowledge on
Out of Date Specific Domains




How to Enable
New Knowledge on LLM?

Fine-Tunning

Model Adaptation Required External Knowledge Required

summit



Fine-
Tunning

Comparison

Knowledge Update Interpretability

Require retraining Black box, lower
Interpretability

update to Answer is
retrieval knowledge base

Latency




Retrieval-Augmented Generation (RAG)

Indexing

. [0.3,0.4,0.1,1.8,1.1...]

[0.3,0.4,01,1.8,1.1..]

[ [1.2,0.3,1.2,4.1,1.8..]
M
v

[0.7.1.4,2.1,4.8,4.1..]

@ [1.2,0.3,1.2,4.1,1.8..]




Retrieval-Augmented Generation (RAG)

Retrieval and Generation

Question — - Answer




3’ 0 | Z lab-Jupyterlab X | & Gradio X {3 accelerating-alibaba-transforme X | + = = % Gl semE — O b
C @ 12700.1:7860 ab A % M 1= R (/]
= g B3 EHEs -
Q
QA over Document P U
|
P B S e GPU Intel(R) Arc(TM) Graphics
Powered by OpenVINO and chatglm3-6b | —_— . 3D 8% - Copy 0%
=15 . K
[y Load text files = Chatbot - 18.7/31.6 GB (59%)
# -
it R0 (C: D)
2 G| . SSD
— <) 0%
HETEEBRRIIA @ | _ BIAR
-3k - v || kR
|| | %i% 0 24 OKb
S @ Rk 0 2 ps
GPUO
L Intel(R) Arc(TM) Grap..
—h» 8% ’
NPU 0 §
Build Retriever Intel(R) Al Boost ‘
0%
Video Decode 0% - Video Processing 0%
Retriever Configuration «
Status
Retriever is Not ready
Chat Message Box 12 GPU AZFIFR 15.8GB
Submit Clear
=SS
5 FIFE 3% GPU 977 WEEFEA: 31.0.101.5234
8% 45/15.8 GB  maEmEmE 2024/1/5
DirectX ki 12 (FL12.1)
&l GRU i WEOE:  PCAGO. &.
B API @ 4 - &8 Gradio 532 & & - 4.5/15.8 GB
y

B2 i Q= Y eo-€BVeCOoEOMN 20247126




Try It Yourself

openvino.al



http://www.openvino.ai/
https://www.intel.com/content/www/us/en/developer/tools/openvino-toolkit/overview.html

Contribute to OpenVINO ™ Toolkit

@ Good first issues
[ Board = t New View

= Filter by

o

(O Contributors Needed 27 () Assigned () Under Review & () Closed

el free to pick up kt ssues alread 1 u ssues with Pull Requests Completed

[Goad First Issue][TF FE]: Support Case Extend OMMX Frontend with shape-15 [Good First Issue]: Compile OpenVING on [Good First Issue]: Refactor torchvision
operation for TensorFlow models operator macOs with Xcode cmake generator reprocessing converter into Python

singledispatch

(E)-:-:-e".'": 20542 ) opemny 20 .. @::3-5-'- no #17576 )

[Goad First Issuel: Extend OMMNX Frontend [Good First Issue][GPU]: Cannct load model Extend ONNX Frontend with () opemvina =

with Operator Col2im-18 when cache directory is running out of disk com.microsoft.Pad operator
space

@ openving # 0 7Y cpenving #1545 Q

- - | (©) openvino #1835 - . - (=) openvino #19617 ‘,

[Good First Issue]: Extend OMMNX Frontend Extend ONNX Frontend with Blackmanliindow, \2) openving =136

with Function Mish-18 Segmentation fault when running Hammingwindow and Hannwindow operatars
test_get_runtime_model fest

Align openvino.compile medel and
cpenving.Core.compile_model functions

Add a clear error message when creating an
empty constant

(E)-:-:-e".'": 547

[Good First Issue]: Extend OMNMNX Frontend

with Function SoftmaxCrossEntropylLoss Extend ONMNX Frantend with

[Feature Request]: creste a github action who ! = =g .
£an assign automate an issue Expar‘d linter coverage to

Batchiormalization operators in versions |

openvino/tests/layer_tests
and 15

[

Add item t | ite + Add item



https://github.com/orgs/openvinotoolkit/projects/3
https://medium.com/openvino-toolkit/how-to-contribute-to-an-ai-open-source-project-c741f48e009e

Introducing Intel’'s Al

PC Developer

Program

A new initiative by Intel to grow Al PC software ecosystem by
empowering developers with best tools and resources
= Early access to Intel’s leading-edge XPUs and optimization tools
= Best Al deployment frameworks on Intel XPUs
= Seamless, consistent and reliable developer experience
= A developer kit to make it easy to adopt new Al technologies
= Opportunity to scale through Intel’'s broad and open ecosystem

|nteIA|
summit



Join the Future of Al PCs!

« Attend the Al PC training sessions '
this afternoon

»  Sign up for the Al PC Developer Kit . ; Y
lab sessions at tomorrow’s
Ecosystem Symposium

* Jointhe Al PC Developer Program
at Program Website (TBD,) and
take home a developer kit

191 =) FAY
summit



Notices and Disclaimers

For notices, disclaimers, and details about performance claims, visit
www.intel.com/Performancelndex or scan the QR code:

© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or
its subsidiaries. Other names and brands may be claimed as the property of others.

|nteIA|
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http://www.intel.com/PerformanceIndex
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