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How Is My Application Performing?

Servers/Clusters Workstation Storage

Target

Application Multi-core

Manycore

Am | Getting the “Best” Performance?
What if | Change Code and/or Change Hardware?

Optimization N



The Challenge

 What do | need to know to quickly assess my application performance?

Communication

Memory Utilization? Ve.c.tor.Unit Timg s
Utilization? Computation Time
balanced?
s Storage Speed How Many Flops is

CPU Utilization? the Application

. I
Slowing Execution? Consuming?

 Need a quick “First Look” at possible opportunities to improve the

performance of my application focusing on top level metrics
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Performance is Many Things ‘
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Many Developer Roles

@ W ©

DESIGN CODE APPLICATION SYSTEM
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PERFORMANGE ~ PERFORMANCE

Contribute to overall performance



Role Specific
Workflows
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DESIGN WORKFLOW
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PROFILING WORKFLOW
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CONFIGURATION WORKFLOW
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“If all you have is a Hammer, everything looks like a Nail ...” =
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“The best kept secret”



You Need a Toolbox

#1 Intel offers developers a toolbox with rich collection of
analysis tools to help developers achieve best performance

& T,
VTune™
Amplifier

Inspector

®
®

Advisor GPA

More ...

#2 We don't want that to be a secret...
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Analysis Tools Overview

L =D (oD
VTune™
Amplifier Advisor Inspector
Intel® VTune™ Amplifier Intel® Advisor Intel® Inspector
Performance Profiler Threading & Vectorization Assistant Memory & Thread Debugger
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https://software.intel.com/en-us/intel-vtune-amplifier-xe
https://software.intel.com/en-us/intel-vtune-amplifier-xe
https://software.intel.com/en-us/intel-vtune-amplifier-xe

Rich Set of Profiling Capabilities

Single Thread

Optimize single-threaded
performance.

HPC & CLoud

Access specialized, in-depth
analyses for HPC and cloud
computing.
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Multithreaded

Effectively use all available cores.

BRRRL) RERREEND

Memory & Storage
Management

Diagnose memory, storage, and
data plane bottlenecks.

=

System

See a system-level view of
application performance.

=
Analyze & Filter Data

Mine data for answers.

Media & OpenCL™ Applications

Deliver high-performance image
and video processing pipelines.

™
® ©

D™

Environment

Fits your environment and
vorkflow.




Does it work?
Artificial Intelligence 23X

Many Others

Enerey SchlumbergefI

EDA GRS 11X

Science & Research L v.;’;:.‘;?,:iTSOIISEUIar4X HEREAL:_;C_I.EN& M Kyoto Umvemty LN*Rsch .35X

Manufacturing 4X

Government \ E 25X

Computer Software A\(FIXSTﬂR 2.5X 1.25X m

I H. S5X
Healthcare

Digital Media

Telecommunications
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https://software.intel.com/sites/default/files/managed/41/4d/Kitty_Indeed.pdf
https://software.intel.com/sites/default/files/nik_case_study.pdf
https://software.intel.com/sites/default/files/Intel_DPD_AWE_CS_Final.pdf
https://software.intel.com/sites/default/files/kyoto_0.pdf
https://software.intel.com/sites/default/files/7946_2_IN_Altair_CS_050313.pdf
https://software.intel.com/sites/default/files/ESIGroup_case_study.pdf
https://software.intel.com/sites/default/files/Mass_General_case_study.pdf
https://software.intel.com/sites/default/files/Intel ESS Schlumberger Case Study LRs 002.pdf
https://software.intel.com/sites/default/files/Intel_DPD_Mentor_CS_approved.pdf
https://software.intel.com/sites/default/files/NECCSR2.pdf
https://software.intel.com/sites/default/files/FlowScienceCS_031313_Final.pdf
https://software.intel.com/sites/default/files/article/356415/fixstars-eng.pdf
https://software.intel.com/sites/default/files/opencascade_case_study.pdf
https://software.intel.com/sites/default/files/managed/77/ea/pexip-case-study.pdf
https://cloudplatform.googleblog.com/2017/11/Intel-performance-libraries-and-python-distribution-enhance-performance-and-scaling-of-Intel-Xeon-Scalable-processors-on-GCP.html

Hotspots Microarchitecture

™ u u Want to find out where your Want to see how efficiently
app spends time and your code is using the
optimize your algorithms?

underlying hardware?

O ®

Hotspots Microarchitecture
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Your agplication iz OperMP bound.

Func

Wit

Facrior

Menu Data File | kernel-build-hdd.dat

bservations

CPU
User
B System
Idle
1/0 Wait

High OpenMP imbelance has been identified.
Jze Intel YTune Amplificr for further analysis.

Wallclock time o S i Gaw Gife Bhom 5o
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1.78 sec

Y Overview
System

18.7s

Network

A low metric value can indicate
poor CPU utilization by the
application computations,

49.7% of available CPU time

was wasted in OpenMP
runtime (not included in
CPU utilization). Possible
reasons: load imbalance
between ranks, scheduling

nvmeOn1

\pplication Performance Snapshot | Preview

) @ ||||||:

59%

A high metric value can indicate
significant execution pipeline
stalling on memory operations
due to memory-related
performance issues like poor
cache reuse, excessive NUMA
remote accesses, false sharing,
bandwidth limited memory
access. Use memory access

A low metric value can indicate
poor FPU utilization. This is
normal if you are not doing
floating point math, But, if your
app performs significant floating
point calculations try
vectorization efficiency analysis
tools explore on because of non-
vectorized floating point




VTune™ Platform Profiler

| Memory Controller 0 Memory Controller 1 Memory Controller 0 Memory Controller 1

Socket 0 Socket 1

nvmeOn1

Timelines & Histograms Core to Core Comparisons

IOPS uOPS Delivered (average/core)

Queue Depth Distribution 0S8

Memory Ops Per Instruction (average/core)

. -..l... mE|
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VTune™ uArch Analysis

ISSueAYSignificantporiontonaipeline]SIotsy
maﬁwm@mmm

T N SV o deso Wi 7 b nel
toolmanyimenonyfaccessesipecyclel '@_{;Iéﬂ. information

objects

40.73% - Retiring

The metric v high. This can Indi
that the sign! fraction of exec
pipeline s uld be stalled due
demand memory load and stores. Use
Memory Access analysis to have the

This metric represents how much Core
non-memory issues were of a bottieneck
Shortage in hardware compute resources.
jes software's instructions
ized under Core Bound
e machine ran out
ertain execution
units are overioaded or dependencies in
proaram's data- or instruction- flow are
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. . . . . Vectorized
Automatic’ Vectorization is Not Enough A% 2 Threaded

Explicit pragmas and optimization are often required

Intel®Advisor

150

® 100

10” Binomial Options Per Sec. SP
(Higher is Better)

50

- ) . Y‘Q/ . y
. ’ <= Serial
2010 2012 2013 2014 2016 2017
Intel® Xeon® Intel Xeon Intel Xeon Intel Xeon Intel Xeon Intel® Xeon®
Processor Processor Processor Processor ES- Processor Platinum
X5680 E5-2600 E5-2600 v2 2600v3 ES5-2600 v4 Processor 81xx
codenamed codenamed codenamed codenamed codenamed codenamed
Westmere Sandy Bridge Ivy Bridge Haswell Broadwell Skylake Server

PRV

Deshor . v Whv No Vectorized Loops [« Instruction Set
Self Timew | Total Time Type Vv S = : s
ectorization? Vect... | Efficiency Gain... .| Com...| Traits Da

[loop in main at roofline.cpp:295] 18.538s@ 18.538s0  Vectorized (B... AVX [Z100% | 5.34x 5.34x Flo

[loop in main at roofline.cpp:310] 18.394s @D 18.394s0 Vectorized (Bo... 5.34x 5.34x
. (O [loop in main at roofline.cpp:221] 14741 @8 1474150 Scalar @ novector dire... Flo

+| [=] Function Call Sites and Loops me * s

. (D [loop in main at roofline.cpp:234] MN117s@ | 11.117s0 Scalar @ inner loop w... Flo
[loop in main at roofline.cpp:247 6.967s @ 6.967s) Vectorized (Bo... AV 1.22x 4 1.22x Inserts; U... Flo
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Intel®Advisor

'_] apsed time: 108.83s RO/ Sa i Not Vectorized H |OFF || n
————INTELADVISUR 201

F] Summary & Survey & Roofline | ™) Refinement Reports

h Q - X P + |Cores:|1 v - Y Default FLOAT ~ | | “l* No Results to Compare ~
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Intel® Inspector
Debug Memory & Threading

Q Locate Deadlocks and Data Races INTEL INSPECTOR 2019

Target A Analysis Type [ Collection Log @ Summary

Type Sources Modules State

Data race find_and_fix_threading_errors.cpp find_and_fix_threading_errors.exe Re New
Data race winvideo.h find_and_fix_threading_errors.exe ™ Confirmed

1 10f10 P Al ' Code Locations: Data race
Description Source Function Module
Read

Variable

winvideo.h:201 loop_once find_and_fix_threading_errors.exe g_updates

winvideo.h:270 next_frame find_and_fix_threading_errors.exe g_updates

Optimization Notice Find & Debug Memory Leaks, Corruption, Data Races, Deadlocks inte



Click HERE

= INTEL" VTUNE \AMPLIFIER

- .‘Il

DOWNLOADS & TECHNICAL ARTICLES

SRR @it & swav Sowe

CHOOSE THE BEST OPTION

PARALLEL
%

- ..,,,\
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Free Download
©
I Buy It Now

Download a free copy of

Intel® VTune™ Amplifier
performance profiler

OR

Buy a copy with
technical support

Analysis of SPDK / PMDK I/O
Analysis to Intel® Optane™ DC Persistent Memory



https://software.intel.com/en-us/vtune/choose-download
https://software.intel.com/en-us/vtune-amplifier-help-spdk-code-analysis
https://software.intel.com/en-us/articles/prepare-for-the-next-generation-of-memory

16:20-17:05

VTune and Advisor Overview
Part 1

VTune and Advisor Overview
Part 2

Prepare for the next
generation of memory, is
your application a good
candidate?

Optimize system
configurations and
workloads for Intel® Optane’
DC persistent memory

M

Sri Doddapaneni

Jackson Marusarz

Yang Wang
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Optimize your PMDK
application performance with
the help of Intel® VTune™
Amplifier profiler

Persistent Memory — which
mode do | want? Where are

the “gotchas” hidden?
Part 1

09:55-10:40

Persistent Memory — which
mode do | want? Where are

the “gotchas” hidden?
Part 2

10:55-11:40

Optimize system
configuration and workload
for Intel® Optane™ DC
persistent memory

13:30-14:15

Sergei Vinogradov

Sudha Udanapalli...

>

Roman Sudarikov

Day 2



#1
H2
H#3

Key Takeaways

Performance is many things/roles/workflows
Require a toolbox filled with many specialized tools

ntel offers such a toolbox and we continue to add to it

#4 We like to hear about your performance practices
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