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Real World Example
Y-.S1#"(Z.&1)%.-(!."[/(\?)&)(U:(I.3#$(0#1%'#"$/(B,L,$&(N/(567F
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=1%L-#(]".3#

A%'#",&1-1^#'V
Adapted with permission, courtesy of Florian Zitzelsberger, 
Pixar Animation Studios, from “Building a Scalable 
Evaluation Engine for Presto” segment of “Multithreading 
for Visual Effects” talk at SIGGRAPH2017.
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Used with permission, courtesy of Florian Zitzelsberger, 
Pixar Animation Studios, from “Building a Scalable 
Evaluation Engine for Presto” segment of “Multithreading 
for Visual Effects” talk at SIGGRAPH2017.
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=1%L-#(]".3#
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Adapted with permission, courtesy of Florian Zitzelsberger, 
Pixar Animation Studios, from “Building a Scalable 
Evaluation Engine for Presto” segment of “Multithreading 
for Visual Effects” talk at SIGGRAPH2017.
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Used with permission, courtesy of Florian Zitzelsberger, 
Pixar Animation Studios, from “Building a Scalable 
Evaluation Engine for Presto” segment of “Multithreading 
for Visual Effects” talk at SIGGRAPH2017.
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Used with permission, courtesy of Florian Zitzelsberger, 
Pixar Animation Studios, from “Building a Scalable 
Evaluation Engine for Presto” segment of “Multithreading 
for Visual Effects” talk at SIGGRAPH2017.
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_\&131^#'(01L

Adapted with permission, courtesy of Florian Zitzelsberger, 
Pixar Animation Studios, from “Building a Scalable 
Evaluation Engine for Presto” segment of “Multithreading 
for Visual Effects” talk at SIGGRAPH2017.
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a(7OQ(A%'#",&1-1^#'
Used with permission, courtesy of Florian Zitzelsberger, 
Pixar Animation Studios, from “Building a Scalable 
Evaluation Engine for Presto” segment of “Multithreading 
for Visual Effects” talk at SIGGRAPH2017.
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Used with permission, courtesy of Florian Zitzelsberger, 
Pixar Animation Studios, from “Building a Scalable 
Evaluation Engine for Presto” segment of “Multithreading 
for Visual Effects” talk at SIGGRAPH2017.
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KEEP
CALM

AND
LOOK FOR WHAT
YOU DO NOT SEE
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It is hard to “see” if  you do not look.
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It is hard to “see” if  you do not look.

We could guess,
after all – we are smart enough

to believe we know what is happening.
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Look for:
?
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Look for:
M Confirmation
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Look for:
M Confirmation
M Surprises

BG!H=+ 567F/(I,-:(J6(K B,L,$&(77/(567F
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Look for:
M Confirmation
M Surprises

Your EXPERTISE
will grow as you
investigate.

BG!H=+ 567F/(I,-:(J6(K B,L,$&(77/(567F
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Optimization: A Top-down Approach

=:$&#3

B\\-1S.&1)%

!")S#$$)"

https://software.intel.com/en-us/articles/de-mystifying-software-performance-optimization
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Optimization: A Top-down Approach

=:$&#3

B\\-1S.&1)%

!")S#$$)"

H/W tuning:
`4_=(9G`/(*G;
b#3)":(
Z#&T)"[(4E_(
C1$[(4E_

OS tuning:
!.L#($1^#
=T.\(21-#
0Bb(C1$[
!)T#"($#&&1%L$
Z#&T)"[(\")&)S)-$C1$[(4E_ Z#&T)"[(\")&)S)-$Z#&T)"[(\")&)S)-$Z#&T)"[(\")&)S)-$Better application design:

!.".--#-1^.&1)%
].$&(.-L)"1&?3$(E('.&.(U.$#$
!")L".331%L(-.%L,.L#(.%'(0G(-1U$
!#"2)"3.%S#(-1U"."1#$
C"1W#"(&,%1%L

Tuning for Microarchitecture:
+)3\1-#"($#&&1%L$Ec#S&)"1^.&1)%
b#3)":E+.S?#(,$.L#
+!A(\1&2.--$

_
=/(=:$&#3

(((((((((HX\#"&1$#
=d

E,B"S?

+!A(\1&2.--$+!A(\1&2.--$
https://software.intel.com/en-us/articles/de-mystifying-software-performance-optimization
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Optimization: A Top-down Approach

=:$&#3

B\\-1S.&1)%
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H/W tuning:
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Tuning for Microarchitecture:
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+!A(\1&2.--$

_
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+!A(\1&2.--$
https://software.intel.com/en-us/articles/de-mystifying-software-performance-optimization

=:$&#3

H/W tuning:
`4_=(9G`/(*G;
b#3)":(
Z#&T)"[(4E_(
C1$[(4E_

OS tuning:OS tuning:OS tuning:
!.L#($1^#!.L#($1^#!.L#($1^#
=T.\(21-#=T.\(21-#=T.\(21-#
0Bb(C1$[0Bb(C1$[0Bb(C1$[
!)T#"($#&&1%L$!)T#"($#&&1%L$!)T#"($#&&1%L$

C1$[(4E_ Z#&T)"[(\")&)S)-$Z#&T)"[(\")&)S)-$Z#&T)"[(\")&)S)-$

!")S#$$)"
Tuning for Microarchitecture:Tuning for Microarchitecture:Tuning for Microarchitecture:
+)3\1-#"($#&&1%L$Ec#S&)"1^.&1)%c#S&)"1^.&1)%c#S&)"1^.&1)%+)3\1-#"($#&&1%L$Ec#S&)"1^.&1)%+)3\1-#"($#&&1%L$E
b#3)":E+.S?#(,$.L#b#3)":E+.S?#(,$.L#
+!A(\1&2.--$+!A(\1&2.--$+!A(\1&2.--$
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Application Tuning

Who: Software Developers, Performance Engineers, Domain Experts

How:
M Workload selection

M Repeatable results
M Steady stat

M Define Metrics and Collect Baseline
M Wall-clock time, FLOPS, FPS 
M <insert your metric here>

M Identify Hotspots
M Focus effort where it counts
M Use Tools

M Determine inefficiencies
M Is there parallelism?
M Are you memory bound?
M Will better algorithms or programming languages help?

!"#$%$&'(%)*&'+%,'-.#,'$%$)/'
0+)12'34'%)*%&"'%5((2#65&#)+%

5+3%#&$%524),#&"/$
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Application Tuning
Find Hotspots

M This could be at the module, function, or source code level
M Determine your own granularity

oprofile: http://oprofile.sourceforge.net/
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Application Tuning
Find Hotspots

M This could be at the module, function, or source code level
M Determine your own granularity

sysprof: http://sysprof.com
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Application Tuning
Find Hotspots

M This could be at the module, function, or source code level
M Determine your own granularity

Intel® VTune™ Amplifier XE: http://intel.ly/vtune-amplifier-xe
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Application Tuning
Find Hotspots
M This could be at the module, function, or source code level
M Determine your own granularity

Intel® VTune™ Amplifier XE: http://intel.ly/vtune-amplifier-xe
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Application Tuning
Find Hotspots

M This could be at the module, function, or source code level
M Determine your own granularity

Intel® VTune™ Amplifier XE: http://intel.ly/vtune-amplifier-xe!"#$%/57%,'#+*),6'%7).,%.+3',$&5+3#+4%)*%&"'%5((2#65&#)+%8.&%)*&'+%,'9'52$%$.,(,#$'$
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Application Tuning
Resource Utilization

M Is the application parallel? 
M Multi-thread vs. Multi-process
M Memory Bound?
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Application Tuning
Resource Utilization

M Is the application parallel? 



BG!H=+(567F/(I,-:(J6(K B,L,$&(77/(567FO6

Application Tuning
Resource Utilization

M Memory Bound?

M Know your max theoretical memory bandwidth
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Application Tuning
Resource Utilization
MPI applications have added communication complexity

Intel® Trace Analyzer and Collector: http://intel.ly/traceanalyzer-collector
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Application Tuning
What’s Next?
M If your Hotspots are common algorithms:

M Look for optimized libraries
M If your Hotspots are uncommon:

M Compiler optimizations
M Expert analysis and refactoring of an algorithm

M The opposite of “low-hanging fruit”
M Deeper analysis of hardware performance

M More on this later
M If the system is underutilized:

M Add parallelism  - multi-thread or multi-process
M OpenMP, TBB, MPI, etc… 

! Tools can help you determine where to look and may identify some issues.
! Some tools may provide suggestions for fixes.
! In the end – the developer and/or expert has to make the changes and decisions – there is no silver bullet.



BG!H=+(567F/(I,-:(J6(K B,L,$&(77/(567FOJ

[9'2*-6*'*!"!$%&'())\



BG!H=+(567F/(I,-:(J6(K B,L,$&(77/(567FON

[9'2*9'33"(6*-$*1"*#"7,)"*29"*(,&4"#*%$*!"!$%&'())%)\



BG!H=+(567F/(I,-:(J6(K B,L,$&(77/(567FOO

Performance Monitoring Unit (PMU)

M Registers on Intel CPUs to count architectural events
K E.g. Instructions, Cache Misses, Branch Mispredict

M Events can be counted or sampled
K Sampled events include Instruction Pointer

M Raw event counts are difficult to interpret
K Use a tool like VTune or Perf with predefined metrics 
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Raw PMU Event Counts or Metrics – you choose as you like
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Look for:
M Confirmation
M Surprises

Do not skip either
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Learn more:
http://tinyurl.com/atpesc-roofline
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Compute Limit

Arithmetic Intensity (flops/byte)

Learn more:
http://tinyurl.com/atpesc-roofline
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Learn more:
http://tinyurl.com/atpesc-roofline
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It is always useful to ask the questions:

“why am I not on a higher ceiling?” and 
“what should I do to reach it?

Learn more:
http://tinyurl.com/atpesc-roofline
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Book Cover Background: Photo of the COSMOS@DiRAC SGI UV2000 based Supercomputer manufactured by SGI, Inc and operated by the Stephen Hawking 
Centre for Theoretical Cosmology, University of Cambridge. Photo courtesy of Philip Mynott. Book Cover Foreground: 3D visualization of statistical fluctuations in 
the Cosmic Microwave Background, the remnant of the first measurable light after the Big Bang. CMB data is from the Planck satellite and is the topic of Chapter 
10 providing insights into new physics and how the universe evolved. Visualization rendered with Intel’s OSPRay ray tracing open source software by Gregory P. 
Johnson and Timothy Rowley, Intel Corporation.
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High Performance Parallelism Pearls
Cosmic Microwave Background Analysis:
Nested Parallelism in Practice
Volume 2, Chapter 10
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We find that using a simple
trapezium rule integrator combined
with hand-selected sampling
points (to improve accuracy in
areas of interest) provides
sufficient numerical accuracy to
obtain a physically meaningful
result, and the reduced space and
time requirements of this
simplified method give a speed-up
of O(10x).



BG!H=+(567F/(I,-:(J6(K B,L,$&(77/(567F8F BG!H=+(567F/(I,-:(J6(K B,L,$&(77/(567F8F

"I2#"&")%&3,2-(.2#'-(-(.j'(Mj.%H

23:28

KEEP
CALM

AND
MIND YOUR

ALGORITHMSALGORITHMS



BG!H=+(567F/(I,-:(J6(K B,L,$&(77/(567F8D

KEEP
CALM

AND
THINK

PARALLEL



BG!H=+(567F/(I,-:(J6(K B,L,$&(77/(567F8R

+#,62
4,2*H"#-$K

!"#$%#&'()"*+,(-(./*0%1*2%*!#"3'#"*2%*4"*5,#3#-6"78
'(7*29"(: 0%1*2%*0,(2*$%#*29"*5,#3#-6"6
M 0'H"*<I3")2'2-%(6

K &'J"*6,#"*K%,*!"# 4"*6,#3#-6"7

M L'M-7'2"*K%,#*"I3")2'2-%(6
K $%MM%1N,3*%(*7-6)#"3'()-"6

M O%MM%1*'*&"29%7%M%.K
K P6"*2%%M6*4,2*7%(Q2*M"2*29"&*1'.*K%,

Learn more:
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