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VNNI

VPDPBUSD

ISA Fusion executes on both Port 0 and Port 5 in 1 cycle

SRC1
8-bit

Ao A, Az As e Aea

SRC 2
8-bit

SRC3/
DEST :
32-bit Ac*Bo+A,*B.+A2*B.+A5"B; e & Aso"BeotAs1*Be1+As2"Bsa+Asa"Bea

+Co +Cqs

Figure 3. The Intel DL Boost AVX512_VNNI VPDPBUSD instruction enables 8-bit multiplies with 32-bit
accumulates with 1 instruction u8xs8—s32 providing a theoretical peak compute gain of 4x int8 OPS
over fp32 OPS. Image credit to Israel Hirsh.
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Typical AVX-512 instruction to perform FP32 convolutions: vfmadd231ps

15t gen Intel® Xeon®

Scalable processor
with Intel® DL Boost

OUTPUT
FP32

vimadd231ps

INT8 07 06 05 04 03 02 01 00

Typical AVX-512 instructions to perform INT8 convolutions: vomaddubsw, vpomaddwd, vpaddd

15t gen Intel® Xeon®
Scalable processor

OUTPUT
INT16

CONSTANT
INT16

INT8 07 06 05 04 03 02 01 00

vemaddubsw,
OUTPUT

INT32

vpmaddwd

QUTPUT

vRaddd
INT32

with Intel® DL Boost

CONSTANT
INT32

2" gen Intel® Xeon® Typical AVX-512 instructions to perform INT8 convolutions: vpdpbusd

Scalable processor
with Intel® DL Boost B
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INT32

OUTPUT
INT32
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» 125 )L° DAAL ZFRA L TEER{LE NIz scikit-learn @
FETVINTVRALICEDYY VS22V TDINTA—= Y
ZE: I-I‘:-J J: Intel technologies’ features and benefits depend on system configuration and may require enabled hardware, software
or service activation. Learn more at intel.com, or from the OEM or retailer. Performance results are based on testing
- & _ 3 as of Nov. 27, 2019 and may not reflect all publicly available security updates. See configuration disclosure for details.
" E&Eént— daal4py /\ Y b- /%1E}Eﬁ L/_t PythOn* API No product can be absolutely secure. Software and workloads used in performance tests may have been optimized

-C,r \/ j—_) |/® DAAL %ﬁg%*u Fﬁ 3—5 j—_ _9 . -|j-,r T \/ 7—_{1 for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured

. using specific computer systems, components, software, operations and functions. Any change to any of those factors
|\0): —X [,:j(?_l‘},"\b_\ may cause the results to vary. You should consult other information and performance tests to assist you in fully
evaluating your contemplated purchases, including the performance of that product when combined with other
products. For more complete information visit www.intel.com/benchmarks.

Configuration: Testing by Intel as of Nov. 27, 2019. Stock Python: python 3.7.5 h0371630_0 installed from conda, numpy 1.17.4, numba 0.46.0, livmlite 0.30.0, scipy 1.3.2, scikit-learn 0.21.3 installed from pip; Intel Python: Intel®
Distribution for Python® 2020 Gold: python 3.7.4 hf484d3e_3, numpy 1.17.3 py37ha68da19_4, mkl 2020 intel_133, mkl_fft 1.0.15 py37ha68da19_3, mkl_random 1.1.0 py37ha68da19_0, numba 0.45.1 np117py37_1, llvmlite 0.29.0
py37hf484d3e_9, scipy 1.3.1 py37ha68da19_2, scikit-learn 0.21.3 py37ha68da19_14, daal 2020 intel_133, daal4py 2020 py37ha68da19_4; CentOS Linux 7.3.1611, kernel 3.10.0-514.el7.x86_64; Hardware: Intel(R) Xeon(R) Platinum
8280 CPU @ 2.70GHz (2 sockets, 28 cores/socket, HT: off), 256 GB of DDR4 RAM, 16 DIMMs of 16 GB@2666MHz

Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These optimizations include SSE2, SSE3, and SSSE3 instruction sets and
other optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this product are intended for
use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the
specific instruction sets covered by this notice. Notice revision #20110804
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scikit-learn

Machine Learning in Python

Classification Regression Clustering
Identifying to which category an object Predicting a continuous-valued attribute Automatic grouping of similar objects into
belongs to. associated with an object. sets.
Applications: Spam detection, Image Applications: Drug response, Stock prices. Applications: Customer segmentation,
recognition. Algorithms: SVR, ridge regression, Lasso, Grouping experiment outcomes
Algorithms: SVM, nearest neighbors, — Examples Algorithms: k-Means, spectral clustering,
random forest, ... — Examples mean-shift, ... — Examples
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Intel technologies’ features and benefits depend on system configuration and may require enabled hardware, software or service activation. Learn more at intel.com, or from the OEM or retailer. Performance results are based on testin
as of Nov. 11,2019 and ma}{ not reflect all publicly available security ugdates. See configuration disclosure for details. No product can be absolutely secure. Software and workloads used in performance tests may have been optimized.
for performance onIY on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software, operations and functions. Any change to any of those factors
may cause the results to vary. You should consult other information and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that product when combined with other products. For
more complete information about performance and benchmark results, visit www.intel.com/benchmarks.

Configuration:. CPU conﬁguratlon: c5.metal AWS Instance (2nd Generation Intel® Xeon® Scalable Processors 2 sockets, HT:on, Turbo:on, OS: Ubuntu 18.04.2 LTS, Total Memory 193 GB (12 slots/16GB/2933 MHz), BIOS: 1.0
Amazone EC2 (ucode: 0x5000017), OMP Environment: OMP_NUM_THREADS=48 OMP_PLACES={0}:96:1). SW: XGBoost 0.9 download from PIP, Intel DAAL: 2020 version. Python env: Python 3.6, Numpy 1.16.4, Pandas 0.25,
Scikit-lean 0.21.2. Parameters for XGBoost: on CPU = { 'aléwhé‘: 0.9,"max_bin": 256, 'scale_pos_weight" 2, 'learning_rate"; 0.1, 'subsample": 1, 're? lambda': 1, "min_child_weight™ 0, 'max_depth". 8, 'max_leaves" 28, tree_method":
"hist', ‘predictor”: ‘cpu_predictor' }. Parameters for XGB on GPU { ‘alpha': 0.9, 'max_bin': 256, 'scale_pos_weight' 2, Tearmng_rate': 0.1, 'subsample”: 1, 'reg_lambda": 1, "min_child_weight": 0, 'max_depth": 8, 'max_leaves": 278,
‘tree_method’: ‘gpu_hist’, 'predlctor‘:0 ‘(g;gu_predlctor' }. Input data format: Numpy array . objective functions: 'binary:logistic’ for binary classification, ‘multi:softmax’ for multiclass, ‘reg:squarederror’ for regressions. Number of iterations:

200 for MNIST, 100 for Mortgage, 1000 for others. ) o ) ) o ) )
Intel’'s compilers may or mar not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These optimizations include SSE2, SSE3, and SSSES instruction sets and other
optimizations. Intel does nof guarantee the availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this product are intended for use with

Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the specific

instruction sets covered by this notice. Notice revision #20110804
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Intel technologies’ features and benefits depend on system configuration and may require enabled hardware, software or service activation. Learn more at intel.com, or from the OEM or retailer. Performance results are based on testin
as of Nov. 11,2019 and ma){ not reflect all publicly available security urr])dates. See configuration disclosure for details. No product can be absolutely secure. Software and workloads used in performance tests may have been optimized.
for performance onIY on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software, operations and functions. Any change to any of those factors
may cause the results to vary. You should consult other information and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that product when combined with other products. For

more complete information visit www.intel.com/benchmarks.

Configuration: Testing by Intel as of Nov. 11, 2079. 7 x mb.2xlarge AWS instances, Intel® Data AnaIYtics Acceleration Library 2020 (Intel® DAAL); Correlation (# samples = 10M, # features = 1000, (Intel® DAAL=35.2s,
MLLib=638.2?K/,] PCA ?# samples = 10M, # features = 1000 (Intel® DAAL=35.2s, MLLib=639.Ss%, implicit ALS (# users = 1M, # items = 1M, # factors = 100, # lterations = 1 (Intel® DAAL=37.6s, MLLiIb=134.9s)), Linear Regression (#
samples = 100M, # features = 50 (Intel® DAAL=16.3s, MLLi =224.53)?, k-means (# samples = 100M, # features = 50, # clusters = 10, # Iterations = 100 (Intel® DAAL=211s, MLLib=1567.3s) ) )

Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These optimizations include SSE2, SSE3, and SSSE3 instruction sets and other
optimizations. Intel does nof guarantee the availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this product are intended for use with
Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the specific

instruction sets covered by this notice. Notice revision #20110804
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1Depending on workload, quality/resolution for FP16 may be marginally impacted. A performance/quality tradeoff from FP32 to FP16 can affect accuracy; customers are encouraged to experiment to find what works best for their situation.
The benchmark results reported in this deck may need to be revised as additional testing is conducted. Performance results are based on testing as of April 10, 2018 and may not reflect all publicly

available security updates. See configuration disclosure for details. No product can be absolutely secure. For more complete information about performance and benchmark results, visit www.intel.com/benchmarks. Configuration: Testing by
Intel as of April 10, 2018. Intel® Core™ i7-6700K CPU @ 2.90GHz fixed, GPU GT2 @ 1.00GHz fixed Internal ONLY testing, Test v312.30 — Ubuntu* 16.04, OpenVINO™ 2018 RC4. Tests were based on various parameters such as model used (these
are public), batch size, and other factors. Different models can be accelerated with different Intel hardware solutions, yet use the same Intel software tools.

= = = Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These
Eiﬁ b lk— EB’%&E%IE optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any.

g e b optimization on microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this fixed product are intended for use with Intel
?_2020 el C(;Eli,ora;“om liﬁ'gﬂ_)iﬁﬁ > §E§£;ETL;§§—" = . microprocessors. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and
ZOMDHE, RBEBEEE, —RICEHLORT, EIZERIFERE - Reference Guides for more information regarding the specificinstruction sets covered by this notice. Notice revision #20110804
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1Depending on workload, quality/resolution for FP16 may be marginally impacted. A performance/quality tradeoff from FP32 to FP16 can affect accuracy; customers are encouraged to experiment to find what works best for their situation.
Performance results are based on testing as of June 13, 2018 and may not reflect all publicly available security updates. See configuration disclosure for details. No product can be absolutely secure. For more complete information about
performance and benchmark results, visit www.intel.com/benchmarks. Configuration: Testing by Intel as of June 13, 2018. Intel® Core™ i7-6700K CPU @ 2.90GHz fixed, GPU GT2 @ 1.00GHz fixed Internal ONLY testing, Test v3.15.21 — Ubuntu*
16.04, OpenVINO 2018 RC4, Intel® Arria® 10 FPGA 1150GX. Tests were based on various parameters such as model used (these are public), batch size, and other factors. Different models can be accelerated with different Intel hardware
solutions, yet use the same Intel software tools.

= - == g Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These
I 3_5 353\ I optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any
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