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Connect to the Intel® Al DevCloud
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Account: colfaxresearch.com/aidevcon18
Passcode: AG7WNN92

Follow the link in the invitation email

From the options on the top right, choose connect
Follow the link in Connect via Jupyter Hub section
From the New dropdown menu on the top right
choose Terminal, and run command “devcon18”
Open “Human_Segmentation/Hands-on.ipynb”

Need a 30-day account? Go here after the workshop:


https://colfaxresearch.com/aidevcon18
https://software.intel.com/ai-academy/tools/devcloud

Agenda

What you will learn

Deep Learning on Intel Architecture

Intel Parallel Studio XE tools

Motivating DL example: Human segmentation
Conclusion and Q&A




What You Will Learn

1. Why and how to use performance analysis tools like
Intel VTune Amplifier

2. Measure the computational efficiency of your deep
learning application on an Intel CPU

3. Use the guidance of the analysis tools to turn the
appropriate “tuning knob”

4. Take advantage of optimizations in DL frameworks
for Intel architecture




Deep Learning on Intel Architecture

e Deep learning (DL) applications on Intel Architecture

e Intel-optimized DL frameworks
o DNN Primitives in Intel MKL
o TensorFlow, Caffe, etc..
o Optimizations for CPU




Intel VTune Amplifier

e Statistical performance analysis tool
o Hardware events
o User-mode sampling
e Results:
o Hotspots
o General issues (memory, cache, I/0, arithmetics,...)

o Getting started with VTune Amplifier



https://software.intel.com/en-us/get-started-with-vtune
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Identify your most time-consuming source code. This analysis type cannot be used to profile the
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(~) Top OpenMP Regions by Potential Gain

This section lists OpenMP regions with the highest potential for performance improvement. The Potential Gain metric shows the elapsed time that could be saved if the
region was optimized to have no load imbalance assuming no runtime overhead.

OpenMP Region OpenMP Potential Gain 7 (%) OpenMP Region Time ™
mkl_dnn_do_parallel_F32$omp$parallel:12@unknown:58:63 19.175s &k  35.4% K 48.199s
gemm_omp_driver_v2$omp$parallel:12@unknown:1750:1809 0.920s 1.7% 3.507s

(~) Top Hotspots

This section lists the most active functions in your application. Optimizing these hotspot functions typically results in improving overall application performance.

Function Module CPU Time ©
mkl_dnn_do_parallel_F32 libmkl_intel_thread.so 348.988s
gemm_omp_driver_v2 libmkl_intel_thread.so 25.692s
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(v) Effective CPU Utilization Histogram

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time adds to the Idle CPU utilization
value.
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() OpenMP Region CPU Utilization Histogram
This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously in an OpenMP region. Spin and Overhead time adds to the
Idle CPU utilization value. OpenMP regions in the drop-down list are sorted by Potential Gain (Elapsed Time) so it is recommended to start exploration from the top.

OpenMP Region: | mkl_dnn_do_parallel F328omp$parallel:12@unknown:58:63

Q c =
. 12 E— 5l =




/h /u3870/intel Ixe/projects/H \_segment - Intel VTune Amplifier

Project Navigator % =
il b B O
M8 /home/u3870/intel/ampl...

v Human_segment

- [

» human_segmentation

Grouping:| Module / Function / Call Stack

Zil

{ CPU Time

A CPU Time Viewing « 10f 29 » selected stack(s)
Module / Function / Call Stack Effective Time by Utilization v ] Spin Time I 24.5% (91.847s of 374.680s) I
fidie @Poor © Ok @ideal @ Over Imbalance or Serial Spinning | Lock Contention

| libmkl_intel_thread.so!mkl_dnn_d...
libmkl_intel_thread.so 374.560s . !

libiomp5.so![OpenMP dispatcher]...
29.258s @! p5.s0![Op P ]

libiomp5.so!__kmp_fork_call+0x1...

L:!Eﬁegiso;ﬁlqwfframework.so 77108 | T & 05| 00105 * libiomp5.so![OpenMP fork]+0x13...
L"errjw_avxsu.so 4.559s | L o= 0s Os—% libmkl_avx512.solmkl_dnn_avx51...
»» libstdc++.50.6 0.800s Os 0Os  0.677s % TR

- : % _pywrap_tensorflow_internal.solt...
» libc.so.6 0.681s Os Os Os "

- - bt ; — 1 libtensorflow_framework.so!tenso...
» libpthread.so.0 0.300s | Os Os  0.030s "
» [Unknown]  0.250s ’ o os os [ iibrensorflow_framework solienso...
r : : ! -~ libtensorflow_framework.solstd:: ...
» libpython3.6m.s0.1.0 0.210s Os Os |

libtensorflow_framework.so!Eigen...
libtensorflow_framework.so!std:: ...
libstdc++.50.6!func@ 0xh5290+0x...
libpthread.so.0!start_thread+0xc4...
Iibc.so.6!=clone+0x6c - [unknow...

» libe-dynamic.so 0.090s | 0s 0s

» Id-linux-x86-64.50.2 0.090s _ 0s 0s| 0s|
» libmki_core.so ' ‘

O oo o 0s
OMP Master Thread #72 (T1I...
OMP Master Thread #132 (T...
OMP Master Thread #228 (T...
OMP Master Thread #96 (TI...

Ruler Area:
[+ ='Region Instance
[] ='OpenMP Barrier-
to-Barrier Segment

Thread

(¥ | Thread -

paused & [ERunning
OMP Master Thread #204 (T... 3 @aCPU Time
OMP Master Thread #84 (Tl... ¥ saSpin and Overhead ...
OMP Master Thread #0 (TID... || _J®cPusample
CPU Utilization VI CPU Utilization
©1000% rea Jule _ Anv Utilis 7 Show inline { ¥




m /hy /u3870/intel’ Ixe/projects/H _segment - Intel VTune Amplifier

P Navigato ¢)
e " n o by o=

fi& /home/u3870/intel/ampl...

v Human_segment
] rooohs

» human_segmentation

Grouping:| Source Function Stack \ CPU Time =
CPU Time: Total [ £ | Viewing - 10f371 » selected stack(s)
Source Function Stack Effective Time by Utilization ¥ ] o [ ___[2[| CPU Time: Self | 21.3% (91.847s of 432.082s)
Side ®Poor BOk §ideal @ Over Spin Time Overhead Time : .
libmkl_intel_thread.so!mkl_dnn_d...

- Total 128 L0 libiomp5.so![OpenMP dispatcher]...
clone 96.6% [ .
— e vy ‘ 7% 16961 os| == libiomp5.so!__kmp_fork_call+0x1...
-6% D % 6% | 1 ibi
¥ 5‘?2 reabw =204 — = ‘ i fstan_t libiomp5.s0![OpenMP fork]+0x13...
¥ func@0x 52?0 [ 6O — ; ] e OS; unc@ . libmkl_avx512.so!mkl_dnn_avx51...
w std::_Function_handler<y 96.3% (g 1.2% | 1.5% Os | std::_F|

_pywrap_tensorflow_internal.solt...

libtensorflow_framework.so!tenso...
libtensorflow_framework.so!tenso...
libtensorflow_framework.so!std::_...
libtensorflow_framework.so!Eigen...

|
* Eigen::NonBlockingTh) 96.3% (S (000 1.2% 15% 1.790s Eigen:
¥ std::_Function_hand| 88.7% (IS = 1.0% 1.4% Os|
» tensorflow::(anony 88.7% (D 1.0% | 1.4% 0.030s |

|

|

|

|

|

» [Unknown stack fr| 0.0% 0.0% | 0.0%| 0.010s |
B std:;_Function?hand 5.0% II 00% 00% 9.8305E
» std::_Function_hanc 0.1% 0.1% '
» Eigen::NonBIockﬁg:
» std:: Function base

libstdc++.50.6!func@0xb5290+0x...

libpthread.so.0!start_thread+0xc4...

libc.s0.6!__clone+0x6c¢ - [unknow...
o

Ruler Area:
[} ='Region Instance
(] ='openMP Barrier-
to-Barrier Segment

O: s = i 4e0s
OMP Master Thread #72 (Tl...
OMP Master Thread #132 (T...

Thread

OMP Master Thread #228 (T...

(+ | Thread -
OMP Master Thread #96 (TI... -
paused & [ERunning
OMP Master Thread #204 (T... 9 @aCPU Time
OMP Master Thread #84 (Tl... o/ #aSpin and Overhead ...

__| ®CPU Sample
'/ CPU Utilization

OMP Master Thread #0 (TID...

CPU Utilization

()

hreac Module Anv Utili:¥ | User functions + | Show inline { ¥

oy




Application Performance Snapshot

e Part of VTune Amplifier

e Analyze CPU usage, OpenMP imbalance, Memory
access efficiency, FPU usage

e Automatic guidance to recommended tools

e (etting started with Application Performance
Snapshot



https://software.intel.com/en-us/get-started-with-application-performance-snapshot
https://software.intel.com/en-us/get-started-with-application-performance-snapshot

Application: python3
Report creation date: 2018-04-12 11:50:46

HW Platform: Intel(R) Xeon(R) Processor code named Skylake

Logical Core Count per node: 24
Collector type: Event-based counting driver

102.65s

72.60%R

Average Physical Core Utilization
8.71 out of 12.00 physical cores

Memory_Footprint
Resident total: 931.34 MB
Virtual total: 6656.16 MB

268737

SP_GFLOPS

20.60%R of pipeline slots

Cache Stalls

18.00% of cycles
DRAM Stalls

49.60%MR of remote accesses

Your application might underutilize the available logical

CPU cores

because of insufficient parallel work, blocking on synchronization, or too much I/0.
Perform function or source line-level profiling with tools like Intel® VTune™ Amplifier to

discover why the CPU is underutilized.

49.60%R

FP Instruction Mix
% of Packed FP Instr.: 99.10%

Current.run TJarget Delta
Physical Core Utilization 72.60%® >80% ==
Memory _Stalls 20.60%R <20%
EPU_Utilization 7.70%K >50%
1/0_Bound 0.01% <10%
FPU Utilization 1/0 Bound




Motivating example: Human segmentation

e Image semantic segmentation problem

e Applications using semantic segmentation:
o Autonomous driving
o Augmented and virtual reality

o Indoor navigation
48x48x3 48x48

Conv | Conv Conv
5x5 5x5 | Conv | Conv | Conv  Conv | Conv | 3x3 | FC1 | FC2 | FC3
+ + 3x3 3x3 3x3 3x3 3x3 +
Pool | Pool Pool

Code based on Song et al. (2015) — http://ieeexplore.ieee.org/abstract/document/7486548/



http://ieeexplore.ieee.org/abstract/document/7486548/
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Follow the link in Connect via Jupyter Hub section
From the New dropdown menu on the top right
choose Terminal, and run command “devcon18”
Open “Human_Segmentation/Hands-on.ipynb”

Need a 30-day account? Go here after the workshop:


https://colfaxresearch.com/aidevcon18
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Tensorflow Optimizations for Intel

architecture
TensorFlow* Optimizations for the Intel® Xeon®

Scalable Processor

Intel Optimized TensorFlow* Installation Guide

TensorFlow* Optimizations on Modern Intel®
Architecture

TensorFlow Performance Guide

Intel distribution for Python



https://ai.intel.com/tensorflow-optimizations-intel-xeon-scalable-processor/#_ftn3
https://ai.intel.com/tensorflow-optimizations-intel-xeon-scalable-processor/#_ftn3
https://software.intel.com/articles/intel-optimized-tensorflow-installation-guide
https://software.intel.com/en-us/articles/tensorflow-optimizations-on-modern-intel-architecture
https://software.intel.com/en-us/articles/tensorflow-optimizations-on-modern-intel-architecture
https://www.tensorflow.org/performance/performance_guide
https://software.intel.com/distribution-for-python

Fast Deep Learning on Intel Architecture

e Intel Software development tools for fine tuning:
o Application performance snapshot (APS) to diagnose global issues
o Intel VTune Amplifier to detect hotspots and for platform analysis
e Programming practices for high performance:

o Input data serialization
o Environment control for efficient computing
o Parallelism optimization (see Intel Al Academy)




