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Solution Codes Dependency

https://github.com/openvinotoolkit/openvino/blob/master/docs/dev/build.md

T—

: . K ~ ° "
OpenVINO"DEVCON [E RFIT{Eff 2023 - d . 5

E . .




R

/

20X FXHEERGE, AFARIEE,

YA = TEM, IITHESEIHEE

o Im:
\ CPUGHR

20 RFENRE, WBIREE ( XARN-RCGBEIGRHFIL ) MR

oAl . - 3 . -
. OpenVINO" DEVCON FR[E Z5IT{FH 2023 -+ .I e "‘ .




2 ELAME 1T 4R

. OpenVINO" DEVCON A[E H3 T{Ef 2023 d

} .



Caffe

OpenVIN® TEEH

=1
*;gé OPyTorch  “F TensorFlow  “§ TensorFlowlite — f/3 PaddiePaddle ¢ ONNX Keras @ KALDI

k7

v
®penVIN®

IEREMLAL

intel intel. intel intel

ATOM | CORE | X€ON 3 | ARC | GPU MOVIDIUS
arm Y
m . GRAPHICS FLEX SERIES

3 EB% Bl Windows

Poweredby oneAPI
Tl | heproductive, smart path to freedom for accelerated computing from the economicandtechnical burdens of proprietary alterratives.

Intél’. OpenVINO™ DEVCON Workshop Series 2023



OpenVIN® | ntime API

compiled model core.compile model (model-model, device name-"CPU")

1. Create 3. Create
core - ov.Core() OpenVINO™ 2. Compile Model Inference
Runtime Core Request

infer request compiled model.create infer request()

6. Process
Inference
Results

5. Start
Inference

Inference Loop
infer request.set input tensor (input_ tensor)

output infer request.get output tensor() infer request.start async()
output buffer output.data infer request.wait()

OpenVINO™ DEVCON Workshop Series 2023¢
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“Cute kitten
with a pink bow”

Image Creation Image
“Diffusion” Decoder

. A

Output: Image

Four Models
Multiple Iterations of Unet in Diffusion Stage

OpenVINO" DEVCON H1[E £ T{Fij 2023 - d -
» o -




Creation Image

Text Prompt _ .
iffusion Decoder

Understanding

!Net !!
Step
1

Net Net
Step
2 0

2

OpenVINO"DEVCON fhE HFITfEip 2023 « & . 4
e S |




3. AME

. OpenVINO"DEVCON & &3 T {Fiy 2023  * d -
» . 8



©penVIN® Stable Diffusion

= [ EREHEIE

£ =

HPRESA HEEREREILIL Kk EeliiiL RiEHAE CPU FIZRR GPU L

BT TERE

Intél’. OpenVINO™ DEVCON Workshop Series 2023



ERIEEH T B API: ov.convert_model

Your Model ‘ ov.convert_model
(.pb, .onnx, .paddle, ...) (Python API)

ov_model = ov.convert_model("model.onnx", compress_to_fpl6-True)

ov.save_model(ov_model, "converted_model.xml")
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stabilityal cpu/feature extractor
stabilityal cpu/text encoder
stabilityal cpu/scheduler
stabilityal cpu/tokenizer
stabilityal cpu/unet
stabilityal cpu/vae
stabilityail cpu/ FP32 Native Model
)

openvino 1r/feature extractor
openvino 1r/text encoder
openvino 1r/vae encoder
openvino 1r/scheduler
openvino 1r/tokenizer
openvino 1r/unet

openvino 1r/vae decoder

openvino ir/ FP32 OpenVINO Model

modelSD21 dGPU OV/feature extractor
modelSD21 dGPU 0OV/text encoder
modelSD21 dGPU OV/scheduler
modelSD21 dGPU OV/tokenizer
modelSD21 dGPU OV/unet

modelSD21 dGPU 0V/vae decoder

modelSD21 dGPU OV/ FP16 OpenVINO model
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Quantization-Aware Training (NNCF)

PyTo rch TensorFlow
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https://docs.openvino.ai/2023.0/qat_introduction.html

Quantization-Aware Training (NNCF)
for Stable Diffusion
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https://huggingface.co/blog/train-optimize-sd-intel
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Transformations on OpenVINO model

OpenVINO _ Main ( on Low
model flow rmations Precision

Common Transformations
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Transformations on internal plugin graph

init() —— ... ——

Snippets

CreateComputePrimitive

Optimizer —— Generator

Execute

Kernel
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BT EB LBt : Common Transformations
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2 53 Matcher callback
3.EAf Pattern and Matcher
4.3,1T MatcherPass
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BT EBEM4L: Snippets

Snippets
Optimizer

OpenVINO Tokenizer Oe?F\;INO Data flow OpenVINO

model optimizations IR

OpenVINO" DEVCON & R T{Fij 2023 - 4

Convert Linear
IR IR

Control flow
optimizations

Linear
IR——- Generator — > Kernel
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FullyConnected NODE PROPERTIES
/ 1x128=768 typ

ATTRIBUTES

OUTPUTS

https://blog.openvino.ai/blog-posts/openvino-tm-model-transformation-mha-subgraph-optimization
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RFini

intel.

compiled_model core.compile_model(model model device_name "CPU")

Applications

Runtime

OpenVINO™ Runtime

Auto and Multi device plugins (optional)
Y MKL-DNNand . Myriad and
OpenVIN® et olugin cIDNN GNA plugin HDDL plugins

architecture
Movidius API

Intel Hardware Device
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©penVIN® Stable Diffusion
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Text Prompt OVStableDiffusionPipeline()

“Red car in snowy forest”

. Frozen CLIP Text Embedding Text conditioned Conditioned latents VAE
. — Tokenizer —» —» — N > -
Negative Prompt Text Encoder 77 x 1024 — latent U-Net 96 x 96 Decoder

“blurry, low quality” , a

Latents _ Scheduler algorithm Output Image

> Rand i “ X
Input Seed andomnoise€ gen —= 5. g6 “reconstruct” Repeat n

scheduler steps

EFC++HIpipeline3EER:  https://blog.openvino.ai/blog-posts/cpp-pipeline-for-stable-diffusion-v1-5-with-pybind-for-lora-enabling
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CPU

intel. intel. intel
CORe iRIS; MOMIDIUS

compiled_model = core.compile_model(model-model, device_name-"AUTO")

RUNTIME

CPU  iGPU dGPU [ VRU
O -
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Stable
Diffusion v1.5

20 lterations

42 Inferences: Text Encoder (1) + Unet+
(20) + Unet—(20) + VAE Decoder (1)

M Time: 20 Iterations(Sec)
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Performance Hint

compiled_model = core.compile_model(model=model, device_name="AUTO",
config=3"PERFORMANCE_HINT":"LATENCY"%)

Throughput Mode (with Auto-Batching) Processingstream

Inference request

. Inference request [ Outputs
Incomingdata

Datasource EEEEERNE =
u [ |

Auto-Batching automatically —

groupsincoming datainto
batches Databatches

Latency Mode

Incomingdata
Data source EEEEEHN

B individual data frame

Inference request Outputs
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openvino runtime as ov

core = ov.Core()
# more inferencethreads
numM_cores = os.cpu_count()

config=${"INFERENCE_NUM_THREADS": num_cores}

# number of inference requests
config=3"PERFORMANCE_HINT_NUM_REQUESTS": 2}

# number of executorlogical partitions
config={"NUM_STREAMS": 2}

ov_cpu_config_model = core.compile_model(ov_model, device_name="CPU", config=config)

30
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https://docs.openvino.ai/latest/groupov_runtime_cpp_prop_api.html

Thread, Stream, Infer Request,

HW resource

() ()
(@) (@)
M ()
£ £
+ 4+
2 )
Q Q
£ £

() ()
O (@)}
() (]
£ £
+— -+
) )
o o
£ £

Inputlmage
InputImage

Infer Infer

i Request Request

Request

Infer Infer
Request Request

Infer
Request

Stream Stream Stream benchmark_app
T T T T T T -nstreams NUMBER_STREAMS
-nthreads NUMBER_THREADS
Threads Thread Threads -nireg NUMBER_INFER_REQUESTS




CPU IRE: MEEH or BERIZ? Gone cone Zon

Performance-core (P-core)
Efficient-core (E-core)

iﬁ]:%&ll‘gzﬁg*%\ ﬁg&&&ﬁs%ﬁﬁﬁ&t E?T;E}E +  12th Gen Intel® Core and up

config["'SCHEDULING_CORE_TYPE"]="ANY_CORE"

H
PHY PHY PHY PHY
Hyper-Thread Hyper-Thread

Processors

32
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https://docs.openvino.ai/latest/openvino_docs_OV_UG_Model_caching_overview.html

REET

openvino runtime as ov

core = ov.Core()
core.set_property(3"CACHE_DIR": "/path/to/cache/dir"$)

model = core.read_model(model-xml_path)
compiled_model = core.compile_model(model-model, device_name-device_name)

34
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https://docs.openvino.ai/latest/openvino_docs_OV_UG_Model_caching_overview.html

REIMYEREMPT T AR Benchmark_app

benchmark_app -d GPU -m MODEL_DIR-pc

] Read model took 86.28 S -
7 ?akgfiz; an,HD?( —,Dmiaxh image sizes and given batc Add_131 NOT_RUN layerType: Add execType: undef realTime (ms): @. cpuTime (ms): @.
1 work batch size: 1 Multiply 9874 - EXECUTED layerType: Convolution execType: brgconv_avx512_1 1_FP32 realTime (ms): cpuTime (ms):
EEIiont puninafinpu ot lieguc . . . ) . . . clip 134 .NOT_RUN layerType: Clamp execType: undef realTime (ms): @. cpuTime (ms): @.
mModel input 'Func/StatefulPa onedCall/input/_@:@' precision ug, dimensions ([N,H,W,C]): n . 3 5 oc 5 . - .
] Model ou . fulPartitionedCall/MobilenetV3small/Predictions/Softmax’ precision £32, dimensions ([...]): HMultiply 9881 - EXECUTED layerType: GroupConvolution execType: jit avx512_dw FP 2 realTime (ms): @. cpuTime (ms): 8.
7/11] Loading the model to the device Clip 137 .NOT_RUN layerType: Clamp execType: undef realTime (ms): @. cpuTime (ms): @.
(mgllgwﬂ“udﬂ f‘?‘”l“gg-}? ) R Multiply sess . EXECUTED layerType: Convolution execType: brgconv_awx512 1 1 FP32 realTime (ms): cpuTime (ms):
u?’égi CAELE [TMELS [TRadis Add_ 148 -NOT_RUN layerType: Add execType: undef realTime (ms): @. cpuTime (ms): @.
BLE_DEVICES ['1 Multiply 9895 . EXECUTED layerType: Convolution execType: brgconv_avx512 11 FP32 realTime (ms): cpuTime (ms):
RANGE_FOR_ASYNC_INFER_REQUESTS , (1, 1, 1) clip 143 -NOT_RUN layerType: Clamp execType: undef realTime (ms): @. cpuTime (ms): @.
(TM) 17-10616U CPU @ 1.80GHz Multiply 9182 - EXECUTED layerType: GroupConvolution execType: jit_aux512 dw FP2 realTime (ms): @. cpuTime (ms): @.
['FP32", 'FP16", 'INT8', 'BIN', 'EXPORT_IMPORT'] Clip 146 -NOT_RUN layerType: Clamp execType: undef realTime (ms): @. cpuTime (ms): @.
Multiply 9109 . EXECUTED layerType: Convolution execType: brgconv_avx512 11 FP32 realTime (ms): cpuTime (ms): @

@]
8/1:

1]
DEV]

0
0
0
0
0
0
INFO
0
0
0
0
0
0
0

FINITY A;f;nk},_”m{ Multiply 9139 - EXECUTED layerType: GroupConvolution execType: jit_aux512 dw FP2 realTime (ms): @. cpuTime (ms): @.
INFERENCE_NUM_THREADS , @ Relu 159 -NOT_RUN layerType: Relu execType: undef realTime (ms): @. cpuTime (ms): @.
Ei?;éi?!’wi Faléi - - — Conv_168/Without... - EXECUTED layerType: Convolution execType: brgconv_awx512 171 FP32 realTime (ms): cpuTime (ms):

1 INT , <Type: 'float32'> - X . 5 ) £ N

PERFORMANCE_H ,7PerFor‘manceﬁode.’HRCUGHPU’ Conv_168/Without.. . -NOT_RUN layerType: Reorder execType: reorder FP32 realT%me (ms): o.o cpuT%me (ms): @

PERFORMANCE_HINT_NUM_REQUESTS , @ Reshape 181 -NOT_RUN layerType: Reshape execType: unknown FP32 realTime (ms): @ cpuTime (ms): ©.80a

5513: Creagir_ngim‘er reguest ani g;eparing input data Concat_182 .NOT_RUN layerType: Concat execType: unknown FP32 realTime (ms): @ cpuTime (ms): €.800
reate 4 infer requests took 1.00 ms . 3 i 3 i 3

] No input files were given for input ‘Func/S itionedCall/input/_@:@!. This input will be filled with random values! Reshape 1715 =L layerType: Reshape execType: unknown_FP32 realTime (ms): @ cpuTime (ms): @.86@

Fill input 'Func/StatefulPartitionedCall/inpi :8" with random values Softmax_1746 - EXECUTED layerType: Softmax execType: jit avx512 FP32 realTime (ms): @. cpuTime (ms): @.835
]
]
a

10/11] Measuring performance (Start inference asynchronously, 4 inference requests using 4 streams for CPU, inference only: True, limits: 66000 ms duration) Reshape_195 _NOT_RUN layerType: Reshape execType: unknown_FP32 realTime (ms): cpuTime (ms): @.98@
?i:m"‘jg;;'ggnzz jg;i"em? only mode (inputs filling are not included in measurement 1loop). Multiply 9119 - EXECUTED layerType: GroupConvolution execType: jit avx512_dw _FP realTime (ms): cpuTime (ms): @.810
Relu 163 .NOT_RUN layerType: Relu execType: undef realTime (ms): cpuTime (ms): ©.800
Conv_164/Without... - EXECUTED layerType: Convolution execType: brgconv_avx512 11 FP32 realTime (ms): @.916 cpuTime (ms): ©.816
Conv_164/Without.. . -NOT_RUN layerType: Reorder execType: reorder FP32 realTime (ms): ©.000 cpuTime (ms): .88
Reshape 289 .NOT_RUN layerType: Reshape execType: unknown FP32 realTime (ms): ©.000 cpuTime (ms): ©.800
Multiply 925 . EXECUTED layerType: GroupConvolution execType: jit avx512 dw FP 2 realTime (ms): @.014 cpuTime (ms): .e14
i 2.2 Relu_155 -NOT_RUN layerType: Relu execType: undef realTime (ms): ©.000 cpuTime (ms): ©.800
rhroughput : 704.05 Conv_156/Without... EXECUTED layerType: Convolution execType: brgconv_awx512 1 1 FP32 realTime (ms): @.912 cpuTime (ms): ©.812

pip install openvino-dev
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EBERMYEEMRESEMIEA Intel® VTune™ Profiler

INTEL VTUNE PROFILER

- R %2 EREHR I

= A suite of profiling for CPU, GPU, FPGA, threading, memory, : = e

atris<doutle, it int>. MIniFE- Vaclor<double, o, int>

cache, storage, offload, power...
= Application or system-wide analysis
= DPC++, C, C++, Fortran, Python*, Go*, Java™, or a mix
= Linux, Windows, FreeBSD, Android, Yocto and more

= Containers and VMs

https://www.intel.cn/content/www/cn/zh/developer/tools/oneapi/vtune-profiler-download.html
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Baseline =%l

https://github.com/openvinotoolkit/openvino_notebooks/blob/main/notebooks/2
36-stable-diffusion-v2/236-stable-diffusion-v2-text-to-image.ipynb
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Notices and disclaimers

Intelis committedto respectinghuman rights and avoiding complicity in human rights abuses. See Intel’'s Global Human Rights Principles. Intel® products and software are intended only to be
usedin applications that do not cause or contribute toa violation of an internationally recognized human right.

Intel® technologies may require enabled hardware, software, or service activation. No product or component can be absolutely secure. Yourcosts and results may vary.
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