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Machine Learning - Layers

Models & Networks

Frameworks

Hardware

+Intel® MKL

Caffe

+Intel® DAAL
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• Via Intel® Distribution for Python*

• Available via Anaconda*, Docker*, Linux* 
packages (RPM/APT) or stand-alone 
installation

• Scikit Learn using Intel® DAAL

• NumPy and SciPy using Intel® MKL

• For:

• Classification

• Regression

• Clustering

• Dimensionality reduction

• Model selection

• Preprocessing

Scikit Learn

Replaced by daal4py
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• Directly integrated into Scikit Learn

• Currently implements (2019)

• PCA (full SVD)
sklearn.decomposition.PCA

• K-Means
sklearn.cluster.KMeans

• Linear & ridge regression (not Kernel ridge regression)
sklearn.linear_model.LinearRegression & 
sklearn.linear_model.Ridge

• Pairwise distances (metrics: cosine & correlation)
sklearn.metrics.pairwise.pairwise_distances

Scikit Learn – Intel® DAAL
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• Automatically turned on for Intel version of Scikit Learn (e.g conda module 
scikit-learn)

• Find out what is currently covered by Intel DAAL:
import daal4py.sklearn.monkeypatch.dispatcher as daaldisp

for k,v in daaldisp._mapping.items():

print(k)

• Work in progress – not all configurations are supported yet, e.g.:
DAAL < 2019.4 PCA only optimized fit, using DAAL's SVD
(svd_solver != ‘full’)

• Automatic fallback to Scikit Learn algorithm if not covered by Intel DAAL

Scikit Learn – Intel® DAAL



7

• Enable DAAL:
import daal4py.sklearn

daal4py.sklearn.patch_sklearn()

• Disable DAAL:
daal4py.sklearn.unpatch_sklearn()

Scikit Learn – Intel® DAAL
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Find implementation here:
.../site-packages/daal4py/sklearn $ ls

cluster

decomposition

ensemble

__init__.py

linear_model

monkeypatch/dispatcher.py (start here)
neighbors

__pycache__

svm

utils.py

Scikit Learn – Intel® DAAL
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https://software.intel.com/en-us/distribution-for-python/features

Intel® DAAL Performance
With Scikit-learn

https://software.intel.com/en-us/distribution-for-python/features


10

• Higher Abstraction layer

• Use Intel® DAAL

• Documentation:
https://intelpython.github.io/daal4py/

• For:

• PCA

• SVM

• Naive Bayes

• SVD

• KMEANS

• Linear Regression

• Multivariate/Univariate Outlier 
Detection

Daal4py – The Pythonic DAAL

https://intelpython.github.io/daal4py/
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Excursion: Color quantization

14 745 600 points (pixels) in dimension 3(RGB)
8 clusters (final colors)
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Excursion: K-Means - An iterative algorithm
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• Group colors into clusters (n_clusters)

• RGB yields 3D feature vectors

• Select a smaller but representative sample (for fitting):
ca. 1000 random pixel

• Centroids define color palette

• Example by courtesy of:
http://scikit-learn.org/stable/auto_examples/cluster/plot_color_quantization.html

Color Quantization with K-Means

http://scikit-learn.org/stable/auto_examples/cluster/plot_color_quantization.html
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Intel® DAAL’s Contribution
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• Not directly integrated into Scikit Learn but

• NumPy (BLAS level1-3, LAPACK, FFT, random number generators)

• SciPy (BLAS level 1-3, LAPACK)

• Intel MKL used indirectly by Scikit Learn
→ Use it directly

• Intel MKL directly used by NumPy & SciPy
→ Combine Scikit Learn with using NumPy & SciPy

Scikit Learn – Intel® Math Kernel Library
(Intel® MKL)
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>>> import numpy

>>> numpy.show_config()
blas_mkl_info:

libraries = ['mkl_rt', 'pthread']

library_dirs = [‘…/envs/intel/lib']

define_macros = [('SCIPY_MKL_H', 

None), ('HAVE_CBLAS', None)]

include_dirs = 

[‘…/envs/intel/include']

blas_opt_info:

libraries = ['mkl_rt', 'pthread']

library_dirs = [‘…/envs/intel/lib']

define_macros = [('SCIPY_MKL_H', 

None), ('HAVE_CBLAS', None)]

include_dirs = 

[‘…/envs/intel/include']

mkl_info:

libraries = ['mkl_rt', 'pthread']

library_dirs = [‘…/envs/intel/lib']

define_macros = [('SCIPY_MKL_H', None), 

('HAVE_CBLAS', None)]

include_dirs = [‘…/envs/intel/include']

lapack_mkl_info:

libraries = ['mkl_rt', 'pthread']

library_dirs = [‘…/envs/intel/lib']

define_macros = [('SCIPY_MKL_H', None), 

('HAVE_CBLAS', None)]

include_dirs = [‘…/envs/intel/include']

lapack_opt_info:

libraries = ['mkl_rt', 'pthread']

library_dirs = [‘…/envs/intel/lib']

define_macros = [('SCIPY_MKL_H', None), 

('HAVE_CBLAS', None)]

include_dirs = [‘…/envs/intel/include']

Scikit Learn – Intel® MKL for NumPy
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>>> import scipy

>>> scipy.show_config()
lapack_mkl_info:

libraries = ['mkl_rt', 'pthread']

library_dirs = [‘…/envs/intel/lib']

define_macros = [('SCIPY_MKL_H', 

None), ('HAVE_CBLAS', None)]

include_dirs = 

[‘…/envs/intel/include']

lapack_opt_info:

libraries = ['mkl_rt', 'pthread']

library_dirs = [‘…/envs/intel/lib']

define_macros = [('SCIPY_MKL_H', 

None), ('HAVE_CBLAS', None)]

include_dirs = 

[‘…/envs/intel/include']

blas_mkl_info:

libraries = ['mkl_rt', 'pthread']

library_dirs = [‘…/envs/intel/lib']

define_macros = [('SCIPY_MKL_H', 

None), ('HAVE_CBLAS', None)]

include_dirs = 

[‘…/envs/intel/include']

blas_opt_info:

libraries = ['mkl_rt', 'pthread']

library_dirs = [‘…/envs/intel/lib']

define_macros = [('SCIPY_MKL_H', 

None), ('HAVE_CBLAS', None)]

include_dirs = 

[‘…/envs/intel/include']

Scikit Learn – Intel® MKL for SciPy
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Control the number of threads:

• Environment variable (static):
$MKL_NUM_THREADS=2

• Dynamically in Python script:
import ctypes

mkl_rt = ctypes.CDLL('libmkl_rt.so')

mkl_rt.MKL_Set_Num_Threads(2) # Set the amount

print(“# threads: %s\n" % mkl_rt.MKL_Get_Max_Threads())

Scikit Learn – Intel® Math Kernel Library
(Intel® MKL)
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• More control over the threads:

• Set/get number of threads

• Set by MKL domain (FFT, BLAS, VML, …)

• Allow dynamic change of threads

• Set/get number of stripes (only ?GEMM)

• Allows changes during runtime

• Threading default is OpenMP*

• Intel Threading Building Blocks*
(Intel TBB) also possible using –m tbb

https://software.intel.com/en-us/mkl-developer-reference-c-threading-control

Scikit Learn – Intel® Math Kernel Library
(Intel® MKL)

https://software.intel.com/en-us/mkl-developer-reference-c-threading-control
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https://software.intel.com/en-us/distribution-for-python/features

Scikit Learn – Intel® MKL Performance
Distribution

Seconds 
(numpy.random)

Seconds 
(numpy.random_intel)

uniform (-1. 1) 0.357 0.034

normal (0, 1) 0.834 0.081

gamma (5.2, 1) 1.399 0.267

beta (0.7, 2.5) 3.677 0.556

randint (0. 100) 0.228 0.053

poisson (7.6) 2.990 0.052

hypergeometric 
(214, 97, 83)

11.353 0.517

https://software.intel.com/en-us/distribution-for-python/features
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• Kernel used: Radial Basis Function (RBF)

• Project data points to kernel space
(non-linear to linear transformation)

• Kernel space allows linear separation
(e.g. via linear classification, linear SVM, etc.)

• Example by courtesy of:
http://scikit-learn.org/stable/auto_examples/decomposition/plot_kernel_pca.html

Kernel Principal Component Analysis (PCA)

http://scikit-learn.org/stable/auto_examples/decomposition/plot_kernel_pca.html
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Intel® MKL’s Contribution
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Guidelines for performance:

• Always use the latest Intel® Distribution for Python* (e.g. via Anaconda*)

• Other sources can have Intel MKL enabled NumPy or SciPy, too

• But quality of optimization varies (e.g. missing functions)

• Integration is in flux - Intel engineers keep adding new extensions/improvements

• Characteristics of performance libraries (Intel MKL & Intel DAAL) :

• Larger data set needed, esp. large number of features and samples (not always visible 
with toy data sets)

• Intel MKL heavily used in NumPy/SciPy, Intel DAAL can add additional performance

Scikit Learn with Intel Performance Libraries
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Guidelines for performance – for advanced users:

• Enable/disable Intel DAAL:

• Fallback might use Intel MKL with different implementation

• Intel DAAL might have optimizations for special cases

• Evaluate multi-core scalability with using Intel MKL:

• Vary number of threads to be used by Intel MKL

• Consider using -m TBB for alternative threading model

Scikit Learn with Intel Performance Libraries
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