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i

AAPEREAENBWNAERS 3 KRR 28° Al RAERTE (£S5 Ice lake/Whitley ) ATHIZRZ IFREZ
JREKRAES. ARRR® ZR° AT RUERFE LETNRFZINREZITEAREEUTRR:

FEESVEBEANFETEAHIMERZME, GAN, HESHT, ERENFSHEMN 3D-CNN ik,

o 1] DU A B A numactl a9 BT RIBRIODES], BMEAHERVNITIERE SR FERHE,
CEANERSRAXR, TEEAKREER EHTOMNINE (HINEZRETFRERLEHTIHE ) B% T I
WINAE EFEN S ENEFIHSREIT IR 2RI 2R

oI DA\TEE —MEERF L X RFZ M T {EfA 3L ( HPC/ BigData / Al ) 3REXE /LAY TCO,
oFED SIMD IR, WRFZLFREZINAEZRPHITEEXK,
B —EEMZEME A TISMHEE,

HAARE R I N AR A KFEREL R TMER:

Model
optimization

Dataset Model training
and

Model

preparation and tuning deployment

migrated
learning

XERRNWMRFBERENTHRR, EFREERNZRAMURAIRIRE Al M/SSHINER
it HiE
ATF
HURENFMIRE
oIt BT R Z B B BXM 4%
oL HIBR I
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MEIREHES. REIZL, BEEMACRBESZIFTEHUEREFRE/R® 28° I RUOGERFaEMZEM L
W, BRZFIGMERONZZIREZIFE, BMEAREENT:

Intel® optimized Frameworks

(v Jo R Ko Y Y v iy ——
Virtualization — Scheduler

manager

Intel” Xeon" Intel® Xeon®
Scalable Processors Scalable Processors

Intel* Xeon"
Scalable Processors

FFF/RC AVX-512 FISRFFR® REF I MR A

HRFR® BRRET RIS 512 (REF/R°AVX-512) & x86 A IER E—ERIFSZHIE (SIMD ) 1598, BRTER
MBS RHIEES, SIMD 5L EB—FRIES AT SAMIENERE. Intel® AVX-512 BiE B X HFFHMERZ 512
b, ISR 16 5 32b BRAEEIFZ S 8K 64 B% 8b BEALIH,

TR BEog® Al BRI IFS M ITELE, BIEERMNA TEAE,; ZF/RC ZR° o BLERET /R
REZ IR (FFF/R® DL Boost) H— 1A T Al it E ML, TR/RCREZIIMMRE FEE/R® AVX-512 VNNI

( Vector Neural Network Instructions ), EX#HRERKF/RC AVX-512 IESENT R, A= ESaHM—%159
W17, EH—SHRIEF—REG/RC Za° il BOIERNITEEEE, 127 INTSEENHIEMEE, BRI 2 RFE3
REEF/R® ZBog © ol BRI T HFFEEF/R® VNNI,

FP32|s | 8 bit exp | 23 bit mantissa |
BF16|s | 8 bit exp | 7 bit mantissa |
FP16/s| Sbitexp 10 bit mantissa \
INT16 s | 15 bit mantissa |

INT8 |s | 7 bit mantissa |

HREA VNNI FIFEEZE vpmaddubsw, vpmaddwd 1 vpaddd 1§ 7 8E52 A INT8 BB R EM:
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OUTPUT
INT16

vpmaddubsw

OUTPUT
INT32

vpmaddwd

INPUT
INT8

CONSTANT

INT16 CONSTANT

INT32

Mm#BAE VNNIRIE & LN e DU —&4E< vpdpbusd 5% INT8 HFRR(E:

OUTPUT
INT32

INPUT
INT8

CONSTANT

INT32

HRR

HNAX | BHNRGEXRFRIEREORN:

OUTPUT
INT32

T
RN EERS 3 NEE/Re Z5&° i RGIERMNES., RIBENEREX, EERSE AT, BRI,
fE i)
AR 5528 Intel® Coyote Pass Server Platform
CPU Intel® Xeon® PLATINUM 8380 CPU @ 2.30GHz
A= 8*64 GB DDR4, 3200 MT/s
/NG
R ki A
BRIERAR Ubuntu 20.04.4 LTS
Kernel 5.4.0
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BIOS ix EMAEHF AL &

BIOS ix&

IRENMN 2iX

Processor configuration: Hyper-Threading Enable

SNC (Sub NUMA) Disable

Boot performance mode Max Performance

Turbo Mode Enable

Power and Performance: Hardware P-States Native Mode
EHREENX

NBRZ2INTEAYAEZREZI LT, ERHSHEERERENNA, RLEFEXWNARE, CPUREEFITEER
BEBEFAEMRE, DNERESENITELE. BRE—LEERRERNUT:

RAFIRE
RIKATEMNEBERH, MIEREEIREREBENHE.
CPUECE

REFRIGIERPREEFR AVX-512 IIRE 7T FMA B RIFHTEMENEEZMNY, ATSERAXNITEAREENITER
NN, BICRASMEEREE 2 MNEEF/R AVX512 HHHE ST 3 RE/R® £38° LR Gold 6 RF KR AL/
AE3R2R, DURENEHFRO HIERE,

LT

URFEEBEBETRIIZRER, HESEN ML 25G/100G MLZREBREEIFHT RI%,

EERE

ATRMIIEATA 10K, BNRE SSD RESEERENPEER,
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Linux* 244

OpenMP*SHHIRE

FESHBEFREN TR
eOMP_NUM_THREADS = “&2&HH) CPU I1ZE"
eKMP_BLOCKTIME = 1 5% 0 ( BB ERIBEAN LR HITIRE )
eKMP_AFFINITY=granularity=fine, verbose, compact,1,0
oCPU #ZHHIIRE

CPU ZE I HBIEAR S M REN KT EE =

ebatchsize BUNAY ( BIZNELEARS ), HEIEEMBHRASHEE CPU AEBVIBINMIZERNSS, SCEPIRIE
ERRENAE, #F 8-16+#% CPUHTIRSEE,

ebatchsize AR ( FIANELEMRS ) HIEEHEZME CPU ARRAIBINS LMK, SSEAHEEEM 20
UL LR CPU #1TIRS ERE.

# taskset -C xxx-xxx —p pid (limits the number of CPU cores used in service)

NUMA i & B =0

XF NUMA Z2H9R0ARS3 28, NUMA BEE £ — node E#EEERE node EHEEBESHE 5%-10% HIEFH,
#numactl-N NUMA_NODE -l command args ... (controls NUMA nodes running in service)

Linux Performance Governor K% &

MEE: B RBXUEENE, B CPUMREELFAEXHNESETMEL, NMRERIFMERE.,

# cpupower frequency-set -g performance

CPU C-States 1% &

CPU C-States: 37T 7E CPU ZTRMIHRIEEINGE, CPU A< HNEINFEER, 8§/ CPUHB/LMINGEER, X
R AR 9 C-states 2i& C-modes,

ZH C-States A DAHISRIERERIER o

#cpupower idle-set-d 2,3
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{E F 3&4F/R° Optimization for TensorFlow* Deep Learning

Framework

TensorFlow 2 FAMIENEFS (ML) FREF Y (DL) NRSIRDHREFZIERZ2—, B 2016 FLUBR, EHE/RM
Google TREIf—EHHESTE, FRHZEEF/R® oneAPl Deep Neural Network Library (4§/R® OneDNN) £ 4 TensorFlow
14HEE, IDHRFEEE/R® Zig® il B IR T & _EROVIGRANHEIEMEEE,

BREFHEF/R® Optimization for TensorFlow* Deep Learning Framework

2% https://www.intel.com/content/www/cn/zh/developer/articles/guide/optimization-for-tensorflow-
installation-guide.html

FE—%: TE python3x HIFE, XEDL anaconda #3I python3.6 Al
SEMIL: https://www.anaconda.com/products/individual

T# anaconda* RFRAFH R

# wget https://repo.anaconda.com/archive/Anaconda3-2020.02-Linux-x86_64.sh
# sh Anaconda3-2020.02-Linux-x86_64.sh

# source /root/.bashrc

# conda install python=3.6 (create a Python3.6 environment)

#(base) [root@xx]# python -V

Python 3.6.10

F L TEER/R® Optimization for TensorFlow* kRAK: intel-tensorflow,

*®
RREAIRA (2.x)

# pip install intel-tensorflow
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MRIBBELLE tensorflowl.x, HEREDTARA, DUEFIASE 3 REF/RC Ba° Al BAIERT & LR MEREINERT
3.

# pip install https://storage.googleapis.com/intel-optimized-tensorflow/intel_tensorflow-1.15.0up2-cp36-cp36m-
manylinux2010_x86_64.whl

F=%: REBITHRESH
SEMILE:

https://github.com/IntelAl/models/blob/master/docs/general/tensorflow/GeneralBestPractices.md

BEBUTHEMANGTHIE, NMRBARRNAKIRE

HEHIE: HIXK/N>1, NESVALESONMONKE, BE, WFHEHE, TUUBIEMARE—1 CPUsocket
HRT B IR DR SEI S A 1ERE,

FELHEIE (AR SERTHER ) HEORA/N =1, REEBBENMENKD (XKD R 18 ) KWAAERENE, ASSR#EESR
B, BEISEAHRSTRRBSENELE,

1: RENRZRDIERZ AL
RIABERTYIIEZECE NS, BIWAN T SIREL

# lscpu | grep "Core(s) per socket" | cut -d":'-f2 | xargs

WINZRYIEZECE, BIWAMN TSR

(You may also use this command to list all physical cores for all sockets)
$ Iscpu -b -p=Core,Socket | grep -v "#'| sort -u | wc -1

A FEBREN 8 MIEEZ (physical cores),

2: IREMLSE:
BEMNTANEEMNZTSH, BERHAR. BIRBENSRKER—MZER,

35— EERBEWRETSH:
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export OMP_NUM_THREADS=physical cores

export KMP_AFFINITY="granularity=fine,verbose,compact,1,0"

export KMP_BLOCKTIME=1

export KMP_SETTINGS=1

BEZ: EB TR python REBHIIAIRMBELLIRE:

import os

os.environ["KMP_BLOCKTIME"] ="1"

os.environ["KMP_SETTINGS"] ="1"

os.environ["KMP_AFFINITY"]="granularity=fine,verbose,compact,1,0"

if FLAGS.num_intra_threads &gt; O:

os.environ["OMP_NUM_THREADS"]= # &lt;physical cores&gt;

config = tf.ConfigProto()

config.intra_op_parallelism_threads = # &lt;physical cores&gt;
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config.inter_op_parallelism_threads = 1

tf.Session(config=config)

BT ETFERF/R® Optimization for TensorFlow* ;REZ I ERI IR T i
FP32/INT8

AXEEMBUMEIZETT ResNet50 REREAENNK, eI NSEZTENNSEZE Y REZ ISR,

SEMIE: https://github.com/IntelAl/models/blob/master/docs/image_recognition/tensorflow/Tutorial.md
XE DL ResNet50 M ERE MK A5, 255 FP32/BFloat16/Int8 =5 ERIEEIHEE,

SEN
it:  https://github.com/IntelAl/models/blob/master/benchmarks/image_recognition/tensorflow/resnet50v1_5
/README.md

S2HF FP32 FEERRELHEIE

https://github.com/IntelAl/models/blob/master/benchmarks/image_recognition/tensorflow/resnet50v1_5/REA
DME.md#fp32-inference-instructions

SZHF INT8 R ERIEELHEE:

https://github.com/IntelAl/models/blob/master/benchmarks/image_recognition/tensorflow/resnet50v1_5/REA
DME.md#int8-inference-instructions

BITETFIE: F4F/R® Optimization for TensorFlow* SREZ IERI A4, 245
FP32

AXEBNBMAEIT ResNet50 MILGEENT, €T NSEETEMNNEY T RES IEEI%,

ETF FP32 {5ERIIILZ:

https://github.com/IntelAl/models/blob/master/benchmarks/image_recognition/tensorflow/resnet50v1_5/REA
DME.md#fp32-training-instructions

BRI A - B FZ4F/R® Optimization for TensorFlow* £ Wide & Deep &8 |
HOHEIR AN 2%
ERREROIAS ST, EREERGN AP LRI ENNEE— M RENRA, BERGE—MERDER

%, EEREAPREERIEHETAHICE, FIHAPRXEBEE, FNHAPYAEMRKNTED HiREF. BERETE
REMPREELN, MERTHAPZENRZEM.
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FARERY, BINEEMERXNRBBIEFPZEIZESRNB[ER A THELEEMRANFERNRERE, HX
KRR EIE Wide & Deep. DeepFM. FNN, DCN 57!,

DA Wide & Deep #2254, BERZOBERESLIHEEWICIZEEN ( memorization ) 1 DNN 1EELRYZ (L8
( generalization ), FEIIZGIREPRAMMA 2 MERNSH, NMARBMERNTNEN RN, HEWUNTAR:

Logistic Loss
ReLU (256)
ReLU (512)
ReLU (1024)
‘ Cross Product
Concatenated Embeddings (~1200 dimensions) Transformation

Embeddings Embeddings Embeddings Embeddings
|

#App |... ®Engagement User Device .., User Installed Impression |

Age Installs sessions Demographics Class App ‘ App
Continuous Features Categorical Features

Wide E4

Wide B3O — 1N XEMEE, MATEZAMED, —MORREKE, »—E2EXERE. HITTNED
cross-product transformation BIfZ=3R#931E K AR B4FALE:

d
or(x) =[] z* e € {0,1}
s=—1

Deep B85

Deep BB/ #2— DNN WiEE, 5—RitEWNT:
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o) = F(WOa® 4 p)

BX&lZk

Wide & Deep AR AM 2B SINSGHNAN, MIEEM. ZENXAIMEHSNIELA—NMREEY, AERNERE
MERONSE, MEMAERMIIIZN MR, REHTREG. B, EEHEN:

P(Y =1|x) = 0<WT %, $(x)] + wh,al) + b)

wide

M ER Wide & Deep REIHMEXRE R, ETRNBUWMZIT Wide & Deep RIHIEE AN,

SE ML
https://github.com/IntelAl/models/blob/master/docs/recommendation/tensorflow/Tutorial.md
HEERESE

https://github.com/IntelAl/models/tree/master/benchmarks/recommendation/tensorflow/wide_deep_large_ds
#Prepare-dataset

325 FP32 R RRELHEIE:

https://github.com/IntelAl/models/tree/master/benchmarks/recommendation/tensorflow/wide_deep_large ds
#fp32-inference-instructions

Y5 INTS FEE AR LR

https://github.com/IntelAl/models/tree/master/benchmarks/recommendation/tensorflow/wide_deep_large_ds
#int8-inference-instructions

BT FP32 f5EMIIZK:
https://github.com/IntelAl/models/tree/master/benchmarks/recommendation/tensorflow/wide_deep_large_ds

#fp32-training-instructions

ETF MKL Threadpool* B Tensorflow* ( AJi% )

TensorFlow M 2.3.0 738, 1EINT —/NERBUINAE. TensorFlow 453230 LUEIR{E A Eigen threadpool M2
OpenMP*, B{RHGERESIZE Tensorflow JRHBRT, {FMARIFZED --config=mkl_threadpool MAZZ IR --
config=mkl,

WA P787E TensorFlow 1.15 E=ZiH b INEE, MHE THESER/RBEMA AR, HETHER (SFRAXES
E2#E Bazel* 0.24.1 ):
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# git clone https://github.com/Intel-tensorflow/tensorflow.git
# git checkout -b tf-1.15-maint remotes/origin/tf-1.15-maint

# bazel --output_user_root=$BUILD_DIR build --config=mkl_threadpool -c opt --copt=-03
//tensorflow/tools/pip_package:build_pip_package

bazel-bin/tensorflow/tools/pip_package/build_pip_package $BUILD_DIR

EREBIFF)TAE, TensorFlow wheel XA 7 $BUILD_DIR #&E T2, #120: tensorflow-1.15.0up2-cp36-
cp36m-linux_x86_64.whl, ZELSEIT:

# pip uninstall tensorflow

# pip install $BUILD_DIR/&lt;filename&gt;whl --user

{ERREFIJHESR PyTorch*
ERE PyTorch*

23 https://www.intel.com/content/www/cn/zh/developer/articles/guide/getting-started-with-intel-
optimization-of-pytorch.html

ZHEWIE: python3.6 & UA EHIRRA
28 1%: ihial PyTorch EM: https://pytorch.org/
g2 BEEFECPU

B, ZEHR oneDNN EZE&ME PyTorch IETUhRAR, EILTFHEENSM L3RS Bk o] DAL SR Z38° Al i /RSt
HEIRT e LIREVINERIERE, 715 CUDA RIRRARY, 154§ CUDA ZEINIRE S “None”, BARTE.,
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PyTorch Build Stable (1.7.1) Preview (Nightly)

Your OS Linux Mac Windows

Package Conda LibTorch Source

Language Python C++/Java

pip install torch==1.7.1+cpu torchvision==0.8.2+cpu torchaudio==0.7.2 -f http

Run this Command: s://download.pytoxch.oxg/whl/toxch_stable.html

%3

. E:
D BR

N

pip install torch==1.7.1+cpu torchvision==0.8.2+cpu torchaudio==0.7.2 -f
https://download.pytorch.org/whl/torch_stable.html

BITET PyTorch* FREZF JEERI AR RN
EASE L TR ER/R® E38° T RABHT A L#T PyTorch* B SRS E

2% https://www.intel.com/content/www/cn/zh/developer/articles/technical/how-to-get-better-
performance-on-pytorchcaffe2-with-intel-acceleration.html

F4F/R® Extension for Py Torch MM 4BH1{E

FEHF/R® Extension for PyTorch —4* PyTorch B¥ & python 8, B7EIRF PyTorch FEZFF/R® Eig° QBT E £
it B, XN RENNEE— LR, TR IR /RITREHIERE,

Z4F/R Extension for PyTorch B github S5Z0T:
https://github.com/intel/intel-extension-for-pytorch

https://github.com/oneapi-src/oneAPl-samples/tree/master/Al-and-Analytics/Features-and-
Functionality/IntelPyTorch_Extensions_AutoMixedPrecision
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ERARFRC REFZIME VNN | IEEZFRAPHEET

EERZATERANDES: WTAREARER—TMKEN KEFIIR, HEZHEEIIRRE (SERE ) RIR
({RIER ) HHEAPRMBHEKR? EMNEEEAEESTWERS: KEBE (vectorrecall ) F1EHE ( ranking )\, &l
ENRANEFEERFHENAPRYUERREN/LER/LTRAS, HEERXARENHIFERIE—SHE, 7
BIRBHELER,

----- P Initialization of online

= Offline data path
wep Online data path

Offline
(triggered by [
CSP's policy g— [
and less Raw Data (e.g. HDFS) EEEEEENEEEEED [
B
:::::::;ly | E Model Trainings for
- . Ranking, or Embedding,
Items Embedding J User Embedding Embedding ] u
(DNN) (ONN) '__( Models  J* 0 or RankingsEmbedding
. (ONN)
N Items Profiles N User Profiles T
Nearline K-V Store El K-V Store EEEEEEEEEEEN : "
94 G
(triggered by bt o | :
CSP's policy and /7 _ N\ = |
often happen) I indexing I I
: : ¥ '

. n u 1
Orflme . u In-Mem Vectors 1
(tnggered by : (original) |
users and . 0(10)->TB :
happen all " — |

: ] In-Mem Vectors Recommended |
the time) s ’ (indexed) Vecttilr it :
0(10%)-> T8 Reca II 0(10) I
I
I
In-Mem |
& Vector Similarity Search Ranking Model ISEESE === = = ?
K8~MB

RERE RGN AENKERMNEEREE,

HNSW (Hierarchical Navigable Small World) B35 2&F E£5#IH7 ANN (Approximate Nearest Neighbor) X 28N E
BEFiZ— HERERRBERSNEEZ—.
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Layer=2
/ o
>
I
Q
n
©
2
o
—
o
4 5
Layer=1 / =
/ =
=
o
-
7 =
©
=
o
Layer=0 ®
2
£
g
/ s
/ / g
v

KEFRBHIBNBIBLEEERZ FP32, NFRZWS (MERKRER ), XEHIEZTLIA INTS/INT16 RxmBE2HIR
EVNRRIEELRENMER, XATAIBER VNNIintrinsic 3§92 A2 INTS/INT16 FARITTE., KE3LIEAE QPS
HEEBARANEAH, MEBERZE/LFEALE, QPSEANREE—ALEE INT8/INT16hiaFwEL FP32 MRE, 5—FAM|
ERITE S HFFEH VNNI 5B LUNE,

BEIAARBRET HNSWLib [1] FHRIE LM, KIIBRECHBERWRTZERM Faiss [2] % L,
ANEEIRERE, MEENAT:

o48E NUMA

o3/ CPU MIBIZIEIT — 1N EIFHE

SEm< ( l—1 socket 24 &R ).

# numactl -C 0-23 <test_program>

SRS AR (201122 10 ZRIRERERE ), EANMERRERESEDR, TR/LTBRINERIES, S1T8IESE
BIRIREN topK, =EBEH. HFEMT S M HERZENBEE, BINERKNEMEET QPS. HINAEARLESE LER

HNSW BRHIOER: REFR, ARENSUEE LZYRSIMNTESR, REBRENRE, HBIESET K, DDR

SEERT, ATDLE R ERRC M FARERIR,
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IR HNSW layer0 #ERZEI PMEM £, TIDIRET KEEFFNEIRERN A/ ( RIBERISZRSIE 40 2RI
@d=100 B INT8 iEFE ). R FBHFAMCFIERRAERIENMETE, EFMRARBASNLERE.,

=
Al HEMBIEEEX
Al HEZWBENXRIE
HENENITEFTEEFREESHRENSEER. XAENITESSUNRTA: Y=X*NE +RE, FULLEMIEEENK

Fto RIBBENERRE 32 (DFREMIEREZE, TNEBIRTE, RBNEESRTEE, [AHTRFREEE.
MEZEMEREL S W H =FMECE:
JIGFREN, RSMATLEREERIYH.

o SWRANIIZ, 7EVIZRIERNIE FakeQuantization T miEANE FP32 &8, 1BINT 24 5INRERS, il
SRR EEEPEEENEZN—TERXE, NTEEBEFNECERE.

HNBEN, SPTQIERM., MRIGZENEN. TRANSEERNELE FERHEMBZIEEEZITIIIRE
HIECEMSREMN, MPTQ NEMAE/NMUERIESE X, REBEBHIESHMEREER, FKRALER
EREMMWENLER G, RINHEEBNBHZEER® Al Quantization Tools for TensorFlow* §1, BRIRA
onnxruntime Al £ /FiR KLt /534,

MR 4 EEANERRZUT:

1.7L& FP32 OP H%&1#9 INT8 OP, fil#0 MatMul. BiasAdd #1 ReLU AT A& A BN 2 HEEREE OP, B
QuantizedMatMulWithBiasAndRelu, REKHEMEERFZIFNIREH OP A22HE, FHEENBITRF/R® Al Quantization Tools
for TensorFlow* §1, AILAEZI TensorFlow ZiFM RIS OP 3R T:
https://github.com/intel/lpot/blob/master/lpot/adaptor/tensorflow.yam!#L190,
pyTorch R A REE OP IBSH:
https://github.com/intel/lpot/blob/master/lpot/adaptor/pytorch_cpuyaml#L124

2 BUNEHREFESWNIERF,
BEMMNRER, HERERERBE LR, REERSEIHIIEERER, HiCRENEMNEMREF,

4.¥% Requantize R/FRIE EIEITAI INT8 OP 1, AEMBRARNENERE,
MNEEHE MatMul REEEER A6, HMTT MR SHNIENT:

Revision 1.3 Page 19 | Total
31


https://github.com/intel/lpot/blob/master/lpot/adaptor/pytorch_cpu.yaml#L124

B T35 3 AASER /R ® e Ay JRALFEZR K SERF /R ® AVX-512 FISURF /R ® VR 2% ST AN A48 B AT VR B 2 5

Quantization Requantized
and Fusion OPs Fusion

nput nput nput
Data Data Data
FP32 FP32
Weight i
UINTS QWeight
FP32 INTS UINTS
INTS
’ L Fused Quantized \
w_sz Fully Connected
- with Bias & Relu
Bias Add Fused Quantized Fully
FP32 &‘— Connected with Bias &
INT32
B |
FP32 Requantize
@ QWeight » QWeight e
P32 UINTS
’ INTS ‘\\ INTS
FP32 L Fused Quantized Fully
¥ Connected with Bias

Bias Add }_ Fused Quantized Fully
INT32 Connected with Bias
v
UINTS
FP32 e /
FP32 FP32
v v v

Z4F/R® Neural Compressor M43

R&EENZRF/R®Neural compressor SEILE I, BXFRAMKRIEILURILE REERRE, EERIES EEIRBERILE
BARABRMASBEERE, ER—NFERMY Python FE, RIERSF/R CPU #l GPU £i5fT, WFRITHME %4
AR, %0 quantization, pruning, and knowledge distillation, Ffi17J XA Neural Compressor AR E S S HESS

SEMIt: https://github.com/intel/neural-compressor
B I ZRF/R® Neural Compressor TR TRAFRIMAIRE R I IESE:
eTensorflow*

ePyTorch*
eApache* MXNet
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®ONNX Runtime

HA B IIER BAERRAU T

oS Python
Cent0S 7.8 3.6
Ubuntu 18.04 3.7

FEHF/R® Neural Compressor XM RIE A :

®Basic
®Bayesian
eMSE
®TPE

eExhaustive

Random

Revision 1.3

Framework

TensorFlow

PyTorch

Apache* MXNet

ONNX Runtime

Version

2.2.0

1.15.0 UP1
1.15.0 UP2
2.3.0

2.1.0
1.15.2
1.5.0 + cpu
1.7.0

1.6.0

1.6.0

Page 21 | Total
31


https://onnx.ai/
https://github.com/intel/neural-compressor/blob/master/docs/tuning_strategies.md#basic
https://github.com/intel/neural-compressor/blob/master/docs/tuning_strategies.md#bayesian
https://github.com/intel/neural-compressor/blob/master/docs/tuning_strategies.md#mse
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https://github.com/intel/neural-compressor/blob/master/docs/tuning_strategies.md#exhaustive
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fEBNHE T4 3 AT R@ EiRE WY RALFR 23 A S4s JK® AVX-512 AP /R @ TR B2 ST A A0 18 r kAT VR FE 22 )

Intel® Neural Compressor T{Eif22. RIBAMNKEBENEEESRERLBIILRNERECSH, RAEEMEME

Calib/QAT & Quantization
Configuration _ Configuration

Next Config

Optimal Solution
(Conf* -> Perf*)

Tuning Config

Tuning Strategy

FP32 Mode! [N CAlibrate Mt i WM Quantized

or QAT i Model Stop Criteria Met

= I

Performance
and Accuracy

Evaluation Dataset Metrics Evaluator

R ETNF/R® Neural Compressor

ZHRIEFESIE: https://github.com/intel/lpot/blob/master/README.md

% 1%: {#H Anaconda 8I72& 5 lpot B Python3.x FEINIAE., XEHKATER Python 3.7 A6I:

# conda create -n lpot python=3.7

# conda activate lpot

B2%: TR lpot; ANEFELUT 2 MREAG:

MZHFI X RE:

# pip install [pot

MERB R !

# git clone https://github.com/intel/neural-compressor.git
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# cd lpot

# pip install -r requirements.txt

# python setup.py install

1B1TR4F/R® Neural Compressor

AT ResNet50 v1.0 A1, WERANEER L TR#TE/.

TR AIESE
F—, THHMES ImageNet validation ZiEEE:

# mkdir—p img_raw/val &amp;&amp; cd img_raw

# wget http://www.image-
net.org/challenges/LSVRC/2012/dd31405981ef5f776aa17412e1f0c112/ILSVRC2012_img_val.tar

# tar —xvfILSVRC2012_img_val.tar -Cval

ETH, Bimage XHBMHZIRED LN FBR:

# cdval

# wget -qO- https://raw.githubusercontent.com/soumith/imagenetloader.torch/master/valprep.sh | bash

%35 [FERMIAK prepare_dataset.sh 3§ RIAEIEE LA TFrecord 182

# cd examples/tensorflow/image_recognition
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# bash prepare_dataset.sh --output_dir=./data --raw_dir=/PATH/TO/img_raw/val/ --subset=validation

SEMIE: https://github.com/intel/lpot/tree/master/examples/tensorflow/image_recognition#2-prepare-
dataset

HEEEE

# wget https://storage.googleapis.com/intel-optimized-
tensorflow/models/v1_6/resnet50 fp32 pretrained_model.pb

IB1T Tuning:
REXME: examples/tensorflow/image_recognition/resnet50 v1.yaml, fff® quantization\calibration.

evaluation\accuracy # evaluation\performance REIBEREEAFNEI ARG, NAZBIBBESMERER
A TFrecord #UBRIATTENIE.

# cd examples/tensorflow/image_recognition/tensorflow_models/quantization/ptq

# bash run_tuning.sh --config=resnet50_v1.yaml\n
--input_model=/PATH/TO/resnet50_fp32_pretrained_model.pb \n

--output_model=./lpot_resnet50_v1.pb

SEMIE: https://github.com/intel/lpot/tree/master/examples/tensorflow/image_recognition#1-resnet50-v10
1z1T Benchmark:

# bash run_benchmark.sh --input_model=./lpot_resnet50_v1.pb --config=resnet50_v1.yaml

BT, MRS
EREEENNT LR
fEHaE R 0.739

HORKN =32
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MREERANEENNER:
f5f|E> 0.000

HERKN =32

R (BRUESBERE )

BIHE: (ZRAUEZIETRE)

{EAIERR® Z1ThR OpenVINO™ T A E {17 HEIRMNE

H4F/R® KIThR OpenVINO™ TEEH

FEHF/R® R1THR OpenVINO™ TEEHAE MAN T Mk :

https://www.intel.com/content/www/cn/zh/developer/tools/openvino-toolkit/overview.html

V5B =Vichilw
https://docs.openvino.ai/latest/index.html

FE £ FR SO B :

https://docs.openvino.ai/cn/latest/index.html

HAF/R® K1THR OpenVINO™ TEEH A FINRITENMEIREZINBEEFNA R, CrEBIFZMINREEAR
EZINEER, SERERF/RCZm° LERTAE LR CPU., GPU, FPGA DIRZE4F/R® Movidius™ CPU, ERTEEBEE

XFFRWHINT,

1.BUILD
" Trained Model @

FTensorflow Caffe
@KALDI @xnet
€ ONNX

Open Model Zoo

@ 100+ open sourced and
188} optimized pre-trained models;

80+ supported public models

Revision 1.3

Model Optimizer

Converts and optimizes trained VGt
model using a supported frameworks
74 Representation

Post-Training
Optimization Tool
Deep Leamin,
WOrkben(hg Code Samples & Demos

2. OPTIMIZE

Read, Load, Infer
e

(:xml, .bin)

OpenCV OpenCL™

(eg. Benchmark app, Accuracy
Checker, Model Downloader)

3. DEPLOY

‘S XEON

CPU Plugin =y B

GPU Plugin F@
ATOM

GNA Plugin e e
Inference Engine L

Common API that For Intel® NCS2 % NCS |

abstracts low-level HDDL Plugin -
programming for each e —
hardvare FGPA Plugin

Deployment Manager 1’\" |
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FF/R® R1THR OpenVINOTM TEEH# EARS I BNMRELELRESR JHIRFARS R, FHBREFFRATE,
BETENARTIREZIALEHMERD .

Deep Learning Deployment Toolkit (DLDT) @ —MIRREZIHEMENEFETE, 81F:
o iRRIfi{L 2R JEiBIT Caffe*. TensorFlow. Mxnet R ELfBAEZI)|| ZRAURREEL A AR (IR),

oIES|ZE: 7 CPU. GPU. FPGA. VPU REftREH LT IR, BNiEAMREHRIINEEHSCIHEIRIERERIIN
.

FFR® KITHR OpenVINOTM TEEMK TIEMEE:

)
(3:!
@)
Au?'
Run the Model Optimizer Intermediate Deploy using the inteD IRIS
Representation Inference Engine "
.bin, xml ﬁ

inkel)

I intel)
N

ERBIERF/R® K1ThR OpenVINO™ TEEH
BESE R LHRIY:
RRIEMATF Linux* ZERE/R® K1THR OpenVINO™ TEEH:

{FRT4F/R® K1THR OpenVINO™ T EEM4H Deep Learning Deployment Toolkit (DLDT) Z4F/Re REZIMET HE
HEN

El& 52 C++ =l (Async)
XYERAGM C++ 7nfl (SSD)
BaNEEIRA C++ HAK
EIRA Python* &R
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https://docs.openvino.ai/downloads/cn/I03030-12-Automatic%20Speech%20Recognition%20Cpp%20%20Sample%20-%20OpenVINO_%20Toolkit.pdf
https://docs.openvino.ai/downloads/cn/I03030-12-Automatic%20Speech%20Recognition%20Cpp%20%20Sample%20-%20OpenVINO_%20Toolkit.pdf
https://docs.openvino.ai/downloads/cn/I03030-12-Automatic%20Speech%20Recognition%20Cpp%20%20Sample%20-%20OpenVINO_%20Toolkit.pdf
https://docs.openvino.ai/downloads/cn/I03030-13-Action%20Recognition%20Python%20Demo%20-%20OpenVINO_%20Toolkit.pdf
https://docs.openvino.ai/downloads/cn/I03030-13-Action%20Recognition%20Python%20Demo%20-%20OpenVINO_%20Toolkit.pdf
https://docs.openvino.ai/downloads/cn/I03030-13-Action%20Recognition%20Python%20Demo%20-%20OpenVINO_%20Toolkit.pdf
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TEEOBGkL C++ER
ARESET CH+ 38R

RERNAREN C++ 8K

{FAER/R® X1ThR OpenVINO™ TEEMINE INTS HIHIE

fFF INTS FEERERNZITHIE, FHBTRE/RC ZEC 0 BUIERFTANRE/ROREZIMNRFTINR, 7T UKAE
RAHENE, RNTPAOEEMREN T ESRMBIETE, OpenVINO B 2020 AR 2 G HIRRAZR AL INTS E4 T
B FP32 iBEIWEL,

OpenVINO 1248 INT8 RELEHX TAR—MIIZEMUCITREEMS (POT), AFMRAEMEBNINISFERIERE, THEXIIER
HITEMSFHERA, THRENRELENE, TERT7ET OpenVINO XFERHTMANERRE,

SBO: IR G5 AOAEEL,
. 3 POT MERAIL L SR,
SE2: NAHIRME (RELIFER GRS

EXERHTHA, REIEFHERE ), Mk

B OpenVINO HY IE SR BYF1THETE,

Dataset &
Annotations

P —

Post-Training Tﬁiniannmework

—> Optimization _> T PYTORCH
: ; Tookk i With optimization
i Training I H extensions H
i Framework : o t ........
"‘ vvwncug . E
ervar ; e Emn o
Checker o ! ) :
........................... OpenvINO
i Inference
= Engine
Trained L " : Optimizer : i el s
Model
Full Precision
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https://docs.openvino.ai/downloads/cn/I03030-14-Crossroad%20Camera%20Cpp%20%20Demo%20-%20OpenVINO_%20Toolkit.pdf
https://docs.openvino.ai/downloads/cn/I03030-14-Crossroad%20Camera%20Cpp%20%20Demo%20-%20OpenVINO_%20Toolkit.pdf
https://docs.openvino.ai/downloads/cn/I03030-14-Crossroad%20Camera%20Cpp%20%20Demo%20-%20OpenVINO_%20Toolkit.pdf
https://docs.openvino.ai/downloads/cn/I03030-15-Human%20Pose%20Estimation%20Cpp%20Demo%20-%20OpenVINO_%20Toolkit.pdf
https://docs.openvino.ai/downloads/cn/I03030-15-Human%20Pose%20Estimation%20Cpp%20Demo%20-%20OpenVINO_%20Toolkit.pdf
https://docs.openvino.ai/downloads/cn/I03030-15-Human%20Pose%20Estimation%20Cpp%20Demo%20-%20OpenVINO_%20Toolkit.pdf
https://docs.openvino.ai/downloads/cn/I03030-16-Interactive%20Face%20Detection%20Cpp%20%20Demo%20-%20OpenVINO_%20Toolkit.pdf
https://docs.openvino.ai/downloads/cn/I03030-16-Interactive%20Face%20Detection%20Cpp%20%20Demo%20-%20OpenVINO_%20Toolkit.pdf
https://docs.openvino.ai/downloads/cn/I03030-16-Interactive%20Face%20Detection%20Cpp%20%20Demo%20-%20OpenVINO_%20Toolkit.pdf
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KERENEERENESNBEE FEMIE: HENOAR, BERR BIREN APHEMERHCNRLTTE BIFER
ERERIBESE T MIL:

N&EREIEEGNA

EiRMREMIIERE

[POT &{E3LH] (https://docs.openvino.ai/latest/pot_docs_BestPractices.html)

[POT & Wi ] (https://docs.openvino.ai/latest/pot_docs_FrequentlyAskedQuestions.html)

[i@3¥ DL Workbench B web R E#1T INT8 21/t 1k]
(https://docs.openvino.ai/latest/workbench_docs_Workbench_DG_Int_8_Quantization.html)

{EFAR4F/R° DAAL IEN B3 F S

FEHF/R® Data Analytics Acceleration Library ( Z245/R® DAAL )

EAANTEEN—I9X, NBFZIWEERESBRANXE, EFNRFZINSELTHRERERT, HEEETF, 5
HE2AEMEL, NBSFIEBHEIT AR, BIBENER, I SEHRREARTERERME. HENSRFIRM
THESHNERAERRAR, AARRARRET —NFENESER. I, ARARTUNEHEENFTRTES
SJEEFR# TSR, %0 Scikit-learn. Cloudera* #1 Spark* MLlib,

FHF/R® Distribution for Python 1148 Z&4§/R® Distribution for Python 22—/ Python FA TE®, mE A LEERYE
RFEAGR. AIBUINER Python fEZE4F/R® Z5a° Al B ERZTANITERE, f&@i Anaconda* 3REY, tEaJl5
Conda*. PIP*, APTGET. YUM, Docker* &E—eR&EFER, &&, THMIL:
https://www.intel.com/content/www/cn/zh/developer/tools/oneapi/distribution-for-python.html

F4F/R® Distribution for Python* B4 s :

oHFEEIA: RERIVVRATTFEENNG, RAREEIRK Python NARERIEEE.

o SRR HITERF/R® MERERE ( HIUNTERF/R® BUFZ DR FEE AN TE4F/R® Data Analytics Acceleration Library )
SkH03E NumPy, SciPy # scikit-learn*

ZEARNNEEN MBS LIZIES, Numba* ] Cython, BAHTHMEEMIAE,

TEF/R® DAAL

ZE4F/R® Data Analytics Acceleration Library (J45/R® DAAL) M EHERIZ R, SEMREBIESHNFNRER, LHZ
BERRE, TRASHNAOECNZEZEEMNCER, BAVSRZEITEEFRES LHNBARMEEE.

FEF/R® DAAL 2] AR ENBURRI 2 RMOATIN, REREIIMBURETAIE, BHERHTEIRE. REEENMEN—EE
HEIRRE AR, ERETRUNBZZINDTABNZMBIES T REEMENSEEWEER, BRIEEXFLM
m3. #iEMEIT. LASSO. AdaBoost, DIMtHRZ 3. ZEREN. KL, Kmeans B3, DBSCAN R, RifR
RIS, BEHLARHM. Gradient Boosting SEHMMB[FIEE, XEFZETREMMA, THERER® Z]° A BAGESR
EMEHeE, WHPE—ROTHARBEITRANRSRUE, EAXLEERERSIMEZRERRS T A,

Revision 1.3 Page 28 | Total
31


https://docs.openvino.ai/latest/pot_README.html
https://docs.openvino.ai/latest/pot_docs_LowPrecisionOptimizationGuide.html
https://docs.openvino.ai/latest/pot_docs_BestPractices.html
https://docs.openvino.ai/latest/pot_docs_FrequentlyAskedQuestions.html
https://docs.openvino.ai/latest/workbench_docs_Workbench_DG_Int_8_Quantization.html
https://www.intel.com/content/www/cn/zh/developer/tools/oneapi/distribution-for-python.html

B T35 3 AASER /R ® e Ay JRALFEZR K SERF /R ® AVX-512 FISURF /R ® VR 2% ST AN A48 B AT VR B 2 5

R Pre-processing {] Transformationf]  Modeling # ' Deployment
. ® *
ﬁ ‘@ 0. d &
@ . =

Regression
(De-)Compression PCA + Linear Clustering
(De-)Serialization Variance matrix * Ridge + Kmeans
QR, SVD, Cholesky Classification + EMGMM
Apriori + Naive Bayes Collaborative filtering
Outlier detection * SUM. _ * ALS
+ Classifier boosting ~ Neural Networks
+ kNN

ATERRAREETREREANFET, ENRFINARERFPERMERRE/R® DAAL, ER/RAET BN
B (https://github. com/mtel/daal), HE W ARNABRERGSRM T 2RNFERXMoBRANEEZRF., bl DAAL
Kmeans B] BATRIFH] Spark 56, & Spark EBF EHITZ T RRR, B, EHE/R°DAALRMT C++. Java #l
python #0,

DAAL4py

AT BIFSIF python R &N 2/ Scikitlearn, Z45/R® DAAL 121 7 IEE &SR Python $#0 DAAL4py ( BEZiF
MERIBESNFEMIY: https://github.com/IntelPython/daaldpy ), & LA Scikitlearn TEMNE S, HEEERA
MeRFIMNEEINIE,

FRE R MUTHEIEBK Scikitlearn 173, EIAFIBABHRZMMNSLEEZEMNMNE. BEl DAAL4py 7 Scikitlearn PXZ#FE
6

eSklearn £ [E3. Sklearn IREIFFIBIEEH
PCA

eKMeans

epairwise_distance

oSVC (SVM 732)

ZHEHF/R® Distribution for Python* FIZ4§/R® DAAL

TEHFREIFF/R® Distribution for Python* ( B8 & Z45/R® DAAL)* (Intel® DAAL already included)
BRI IRF/R® DAAL

RAF/R® DAAL F R &¥Em
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https://github.com/intel/daal)，并针对不同的大数据使用场景提供了全内存流式和分布式的算法支持。比如
https://github.com/intel/daal)，并针对不同的大数据使用场景提供了全内存流式和分布式的算法支持。比如
https://github.com/IntelPython/daal4py）。它可以和
https://github.com/IntelPython/daal4py）。它可以和
https://github.com/NelsonPython/tuningGuides/blob/main/content/www/us/en/developer/tools/oneapi/distribution-for-python.html
https://github.com/NelsonPython/tuningGuides/blob/main/content/www/us/en/developer/tools/oneapi/distribution-for-python.html
https://github.com/NelsonPython/tuningGuides/blob/main/content/www/us/en/developer/tools/oneapi/distribution-for-python.html
https://github.com/NelsonPython/tuningGuides/blob/main/content/www/us/en/developer/tools/oneapi/distribution-for-python.html
https://github.com/NelsonPython/tuningGuides/blob/main/content/www/us/en/developer/articles/guide/intel-daal-2020-install-guide.html
https://github.com/NelsonPython/tuningGuides/blob/main/content/www/us/en/developer/articles/guide/intel-daal-2020-install-guide.html
https://github.com/NelsonPython/tuningGuides/blob/main/content/www/us/en/develop/documentation/dal-developer-guide/top.html
https://github.com/NelsonPython/tuningGuides/blob/main/content/www/us/en/develop/documentation/dal-developer-guide/top.html
https://github.com/NelsonPython/tuningGuides/blob/main/content/www/us/en/develop/documentation/dal-developer-guide/top.html
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£ FZE45/R° DAAL

{E A ZE4E/R® DAAL JI3&E scikit-learn, B@#AD

A aRiTAN

# python -m daal4py &lt;your-scikit-learn-script&gt;

7335 2: AN

import daal4py.sklearn

daal4py.sklearn.patch_sklearn(kmeans')

[1] HNSWLib B FRZEIR: https://github.com/nmslib/hnswlib

[2] Open source of Faiss project: https://github.com/facebookresearch/faiss

Additional References

Intel® AVX-512 info: https://colfaxresearch.com/skl-avx512/

Intel® Optimized Al Frameworks:
https://www.intel.com/content/www/us/en/developer/tools/frameworks/overview.html

Intel® Distribution of OpenVINO™ toolkit: https://docs.openvino.ai

Intel® Analytics Zoo: https://github.com/intel-analytics/analytics-zoo
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https://github.com/nmslib/hnswlib
https://github.com/facebookresearch/faiss
https://colfaxresearch.com/skl-avx512/
https://www.intel.com/content/www/us/en/developer/tools/frameworks/overview.html
https://docs.openvino.ai/
https://github.com/intel-analytics/analytics-zoo
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