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* Profiling basics
o Simple profiling
e Open source profiling tools
 Intel development tools
— Advisor XE
— Inspector XE

— VTune Amplifier XE
— Trace Analyzer and Collector

 Interpreted languages profiling
e https://www.surveymonkey.com/r/7TPFVFCY
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e Evaluate performance

* Find the performance bottlenecks
— Inefficient programming
— memory 1I/O bottlenecks
— parallel scaling
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e Hardware counters

— count events from CPU perspective (# of
flops, memory loads, etc)

— usually need Linux kernel module installed

o Statistical profilers (sampling)

— Interrupt program at given intervals to find
what routine/line the program is in

 Event based profilers (tracing)
— collect information on each function call
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e Time program runtime

— get an idea on time to run and parallel
scaling

o Serial profiling
— discover inefficient programming

— computer architecture slowdowns
— compiler optimizations evaluation

— gprof

 Trick how to get gprof to work in parallel:
http://shwina.github.io/2014/11/profiling-parallel
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e Vendor based
— AMD CodeAnalyst

« Community based
— perf

« hardware counter collection, part of Linux
— oprofile
e profiler

— drawback — harder to analyze the profiling
results
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e HPC Toolkit

— A few years old, did not find It as
straightforward to use

e TAU

— Lots of features, which makes the learning
curve slow

e Scalasca

— Developed by European consortium, did
not try yet
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e \WWe have a 2 concurrent users license

* Tools for all stages of development
— Compilers and libraries
— Verification tools
— Profilers

e More Info

https://software.intel.com/en-us/intel-parallel-studio-xe

https://www.chpc.utah.edu/documentation/software/intel-
parallelXE.php
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 Intel Parallel Studio XE 2018 Cluster Edition
— Compilers (C/C++, Fortran)
— Distribution for Python
— Math library (MKL)
— Data Analytics Acceleration Library (DAAL)
— Threading library (TBB)

— Vectorization or thread design and prototype
(Advisor)

— Memory and thread debugging (Inspector)
— Profiler (VTune Amplifier)

— MPI library (Intel MPI)

— MPI analyzer and profiler (ITAC)
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o Serial and parallel profiler

— multicore support for OpenMP and OpenCL on
CPUs, GPUs and Xeon Phi

* Quick identification of performance
bottlenecks

— various analyses and points of view in the GUI
e GUI and command line use
e More Info

https://software.intel.com/en-us/intel-vtune-amplifier-xe
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Ve Caller/Call forr ¥
v [ e &) E|

L] P
e Source the environment | IS N 7y Ty
Function / Call Stack " spin | overmead | | 26.6% (2.0385 of 7.6503) |
SystemP! JuralFire....ion - bject.cpp
m O d u I e I O ad Vtu n e ro[lision 3.310: [ 20005 0 SystemProceduralFire... fireobject.cpp:1439
EIFireQbject:ProcessFireCollisionsRange 5013 T N 0Os os [ SystemProceduralfire... fireobject.cpp:1377
¥ *. FireObject:FireCollisionCallback | 4.025: I[N 0s 0s Smoke.exe!ParallelF gertbb.cpp:5T3
@ * FireObject:EmitterCollisionCheck+| 0.988s 0 0s Smoke.exe![TBB parall... - parallel_for.h:212
. R u n VT u n e @ func@0x75452064 | 381: T 06752 0s Smoke.exeltbbuintemn... parallel_for.h:150
Selected 1 mw(s))cl . 76505  Os 0s Smoke.cxeTaskMan..anagertbb.cpp605

amp Ixe-gui — graphical USer ... =l e | soe =i
inte r face [wWinMainCRTStartup (TID: 3496 ~ ke Spin and Overhead Time

amplxe-cl — command line =
(best to get from the GUI) === =

Can be used also for remote profiling (e.g. on Xeon Phi)

e Tuning guides for specific architectures

https://software. intel.com/en-us/articles/processor-
specific-performance-analysis-papers
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e Vectorization advisor

— ldentify loops that benefit from vectorization, what
IS blocking efficient vectorization and explore
benefit of data reorganization

 Thread design and prototyping

— Analyze, design, tune and check threading design
without disrupting normal development

e More Info

http://software.intel.com/en-us/intel-advisor-xe/
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°® S O u rce th e Elapsed time: 54.44s || Wectarized || Mot Wectorized | FILTER: | All Madules V| |AII Sources V| E
. ) CTivil o “ectorized Loops ~
Function Call Sites and Loops & | @ Vector Issues TSiS'rLfev ¥ﬁ;a! CoEnts Loop Type | Why Mo Wectorization? —— | Efficiency |
- 30 [loop at st_algo.hed 740 in stdutr .. [ 0170s1 | 017051 Scalar & non-vectarizable loop ins ...
e n VI rO n I I I e nt B@[Ioop at loopstlcpp: 2449 in 5234 ] @ 2 Ineffective peeledfrem. 0170s1  0170s1 12;4 Collapse Collapse A .
[0 [loop at loopstl.cpp:2448ins .. [] 0150s1 015051 12 “ectorized (B A0
32O [loop at loopstl.cpp:24d9ins .. [] 0.020s1 002051 4 Rernainder
mod u I e I Oad 120 [loop at loopstl.cpp:7900in vas_]  [] 0170s1  0170s1 500 Scalar B vectorization possible but...
- U] [loop at loopstl.cpp:3509 in s2 ... g 1 High vector register ... 0.160s] 0.160s| 12 Expand Expand AVX m
adv I1SsOorxe 0] [loop at loopstl.cpp:3897 in 5279 ] @ 2 Ineffective peeledsfrem., 013051 015051 1254  Expand Expand e e
@[Ioop at loopstl.oppi6249in 5414 ] 0150:1  0.150s1 12 Expand Expand AN m .
i+ [loop at stl_numeric.h:2d7in std ... [] 9 12ssumed dependency... 015051 0.150s1 49 Scalar & vector dependence preve ... e

<

 Run Advisor
advixe-gui — graphical user interface
advixe-cl — command line (best to get from the GUI)

« Create project and choose appropriate modeling

» Getting started guide

https://software. intel.com/en-us/get-started-with-
advisor
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 MPI profiler
— traces MPI code
— identifies communication inefficiencies

« Collector collects the data and Analyzer
visualizes them

e More Info

https://software.intel.com/en-us/intel-trace-analyzer
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Source the environment

modulle load i1tac

e Using Intel compilers, can complle Wlth —trace
mpiifort -openmp —trace trap.f ERSEE=s

e Run MPI code

mpirun —trace —n 4 _./a.out

 Run visualizer
traceanalyzer a.out.stf &

e CHPC site

https://software. intel.com/en- us/get started—W|th 1tac-
for-11nux

F*”

http://www.chpc.utah.edu Slide 15



TOGETHER WE REACH
THE

UNIVERSITY

OF UTAH™ N PR

Computing

 With increased use of interpreted languages, their
performance is becoming important

« Matlab

— Profiling ecosystem in the IDE
e Python

— Python modules or IDEs
e R

— Profiling libraries or RStudio
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| 21 profier s =)
m File Edit Debug Window Help a
e profile command T
© Start Profiling  Run this code:  [t,y] = ode23(lotka’ [0 2],[20;20]) ~ | @ Profile time: 1 <

turns on/off profiling profile Summary

Generated 10-Jul-2015 00:38:26 using performance time.

- - - Function Mame Calls  Total Time | Self Time* | Total Time Plot
e Profile is then displayed
. ode?3 1 0677 s 0.191 s I
I n th e I D E funfun‘private‘\odearguments | 1 0378 s 0.103 s R

lotka 34 0262 s 0262 s |

e Click on each function — v JoossJoms |

funfun\private\odefinalize 1 0.004 s 0.004 s

to show line-by-line wisienss |1 0095 oams

odeget=getknownfield 1 0.003 s 0.003 s

p rOfi I e funfuniprivatelodeevents 1 0.001 s 0.001 s

Self time is the time spent in a function excluding the time spent in its child functions. Self time
also includes overhead resulting from the process of profiling.

 Performance improvement strategies

https://www.mathworks.com/help/matlab/matlab_prog/technique
s-for-improving-performance.html
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e profile and cProfile modules

— Text based output, optional format with pstats,
analysis with Stats

e Plethora of other tools
— E.g. line profiling with line_profiler

x

& P Pofie B stp

Savedata &% loaddats 4 Clear comparison

e Some IDEs - ok

Function/Module Total Time Diff Local Time Diff Calls Diff Filezline G
~ (& _find_and_load 3.64 sec 1835 ms 1052 «frozen importlib._bootstrap> : 966
- - v & _find_and_load_unlocked 3.64 sec 9.96 ms 1052 <frozen importlib,_bootstrap> : 836
> @ _call_with_frames_removed 3.62 sec 173 ms 1251 <frozen importlib._bootstrap> : 211
~ & _load_unlocked 3.62 sec 9.97 ms 850 «frozen importlib._bootstrap> : 651
> (7 exec_module 3.62 sec 6.25 ms 897 «frozen importlib._bootstrap_external> : 672
> 7 module_from_spec 649.22 ms 4.28 ms 847 <frozen importlib._bootstrap> : 564
v @ <built-in method builtins.ha... 19.45 ms 18.99 ms 12692 (built-in)
> @) _getattribute__ 1.26 ms 508.46 us 14z C:\ProgramData\Anaconda3\lib\site-packagesisp...
— e r @ delta 53540 us 53540us 8 C:\ProgramData\Anaconda3\lib\site-packagesipa
> @ _get_ 21M.25us T6.97 us " C:\ProgramData‘\Anaconda3\lib\site-packagesisix.
@ diype 470 us 470 us 4 C:\ProgramData\Anaconda3\lib\site-packagespa...
b _esit_ 11.49 ms 6.46 ms 847 «<frozen importlib._bootstrap> : 318
& _enter_ 1.66 ms 1.66 ms 47 «frozen importlib._bootstrap> : 311
@ _init__ 1.29 ms 1.29 ms 847 <frozen importlib._bootstrap> : 307
> 9 exec_module 1.02 ms 592.70 us 132 <frozen importlib,_bootstrap_external> : 927
> (7 exec_module 218.52 us 5089 us 20 «frozen importlib._bootstrap> : 736
» (# _load_backward_compatible 6286 us 23.52us 3 «frozen importlib._bootstrap> : 622
> @ find_spec 583.93 ms 18.29 ms 983 <frozen importlib._bootstrap> : 870
@ <method ‘format' of 'str' objects> 1258 ms 1258 ms 8793 (built-in)
@ <method 'rpartition’ of 'str' ohje... 5.03 ms 5.03 ms 6410 (built-in)
> b <built-in method builtins.setattr> 488 ms 392ms 3058 (built-in)
5 @ _enter_ 3245 ms 3.12ms 1054 <frozen importlib._bootstrap> : 147
5o _exit_ 9.76 ms 219 ms 1054 <frozen importlib._bootstrap= : 151 .
put c2n 26 100
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(E)Rstudio - profiles X

= € localhost:8787

e Rprof function g@-----—uowan 50209=

Javierluraschi (= @
Q- -8 & | [ A Goto file/function C v Addins * A profiles
@ sample-1.R* x % Profilel »

. = Environment  History -0
— - 4 Publish » | =% & | % Import Dataset~ uste | @
I Flame Graph  Data

Options » | T Clobal Environment» Q

<expr> Memory Time O datal 400000 obs. of 151 variables |
1 profvin({ . ) 0 e O diamonds 53940 obs. of 1@ variables @
2 datal <- data # Store in another variable for this run ] 0
3 0 0 Values
4 # Get column means 4 0 cols 150

. S u I I II I Ia l I O 5 means <- apply(datal(, names(datal) L= "id"], 2, mean) 34 1840 { 1501
6 ] [
7 # Subtract mean from each column [4 0 On Large 1m (12 elenents, 11.7 Mb)
8 for (i in seq along(means)) { 0 o means, Named num [1:158] 55555 ...

- 9 datall, names(datal) != "id")[, i) <- datall, names(datal) != "id")[, i] - means[i] 387 360 times 4e+05

10 } ] [
11 h 0 a Files Plots Packages Help Viewer -
” a o E Export+

e RStudio has a
profile interface
called profviz :

unlist . [ e I
I Gefanlt I mean.default NI 1| i 00
er |apern o | [ [<ae> m <ae> [ [
2pply T T T T T T T T T = T ‘ H = [<7\7 7H T 7| |7
200 400 &0 a0 1,000 1,200 1,400 1600 1800 2,000 2200 2400

Sample Interval: 10ms 320.48MB / 2510ms

a0

Console

 Performance improvement strategies
http://adv-r.had.co.nz/Profiling.html
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Serial profilers
— gprof, perf

Intel tools
— VTune, AdvisorXE, ITAC

Interpreted languages profiling

— Matlab profile

— Python profile, Cprofile

— R Rprof, profviz
https://www.surveymonkey.com/r/7TPFVFCY
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e https://www.surveymonkey.com/r//TPFVFCY
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