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Legal Disclaimer & Optimization Notice

INFORMATION IN THIS DOCUMENT IS PROVIDED “AS IS”. NO LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR
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microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific computer
systems, components, software, operations and functions. Any change to any of those factors may cause the
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optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any optimization on
microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this product are intended for use
with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are reserved for Intel
microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the
specific instruction sets covered by this notice.
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The Software Optimization Process

« The process of improving the software by eliminating bottlenecks so that it
operates more efficiently on a given hardware and uses resources optimally

- Identifying bottlenecks in the target application and eliminating them appropriately is the
key to an efficient optimization

+ There are many optimization methodologies, which help developers answer
the questions of

 Why to optimize?

+ What to optimize?

+ To what to optimize?
* How to optimize?

| These methods aid develogers to reach their Eerformance reguirements. ‘
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Performance Analysis Methodology

« Use top down approach S e \ d /
Network 1/0,

« Understand application atonmse 1O System

- Understand ystem
characteristics \ m

i Application Design \

* Use appropriate tools at et Tames

each Ievel Parallelization

d

Cache/Memory

Instructions
SIMD Processor

others
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Performance Analysis Methodology
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3. Analyze Data

1. Create a 2. Collect and Identify

Benchmark r Data Performance
Problems

5.1s
Problem 4. Fix the
Fixed? problems in your

code or system

6. Are
performance
requirements

met?




When to Stop

« Is architecture at maximum efficiency?
- What this means: calculating theoretical maximum.
- Know about best values for CPI or IPC.
« Know the maximum FLOPS for the data type used.

* Is the performance requirement fulfilled?
- What are the performance requirements?
- Incrementally complete optimizations until done.
« Key question: Are you “happy” with it?
CPI: Cycles per Instructions

IPC: Instructions per Cycle
SOFTWARE AND SERVICES ~ FLOPS: Floating-Point Oper. PerVSec.




Roofline Model

- The Roofline Model helps predict upper bounds
for performance
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Questions to Ask Yourself

"We should forget about small efficiencies, say about 97% of the
time: premature optimization is the root of all evil.”

— Donald Knuth

Quality code is:
— Portable
— Readable
— Maintainable
— Reliable

Intelligently sacrifice quality for performance
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Intel® VTune™ Amplifier XE -
Introduction




Intel® VTune™ Amplifier

Accurate data and meaningful analysis }

+ Accurate CPU, GPU and threading = et
data E | —

« OpenMP* region efficiency analysis
« Powerful data analysis & filtering

- Data displayed on the source code

- Easy set-up, no special (re)compiles
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http://intel.ly/vtune-amplifier-xe

Intel® VTune™ Amplifier analysis

« Analysis separated into two steps
« Collect: collection of analysis data

* Report: compilation of reports based on the data
collected

* The use of GUI and/or CLI is supported in both steps
* Nonintrusive sampling based collection

* No special (re)compiles needed

- Statistical analysis to determine approximate
behaviour
SOFTWARE AND SERVICES




Intel® VTune™ Amplifier preparations

« Run VTune on a “released/optimized” build
« To view source code, compile with debugging
symbols (i.e., -g)
- Use instrumented threading runtimes

« OpenMP: Use Intel Dynamic Version of OpenMP
- TBB: Define TBB_USE THREADING TOOLS

» For call stacks use a dynamic version of the C

RTL to properly attribute system calls

(i.e., do not use -static)
SOFTWARE AND SERVICES




Collecting data

Software Collector Hardware Collector

Uses OS interrupts

Collects from a single process tree
~10ms default resolution

Either an Intel® or a compatible processor
Call stacks show calling sequence

Works in virtual environments

No driver required

SOFTWARE AND SERVICES

Uses the on chip Performance Monitoring Unit (PMU)
Collect system wide or from a single process tree.

~1ms default resolution (finer granularity - finds small functions)
Requires a genuine Intel® processor for collection

Optionally collect call stacks

Works in a VM only when supported by the VM
(e.g., vSphere*, KVM)

- Easy to install on Windows
Requires a driver - Linux requires root
(or use default perf driver without stacks)




A rich set of analysis types

Software Collector Hardware Collector

Advanced Hotspots
Which functions use the most time?
Where to inline? - Statistical call counts

Basic Hotspots
Which functions use the most time?

Concurrency General Exploration
Tune parallelism. Where is the biggest opportunity?
Colors show number of cores used. Cache misses? Branch mispredictions?

Locks and Waits
Tune the #1 cause of slow threaded performance:
- waiting with idle cores.

Advanced Analysis
Dig deep to tune access contention, memory analysis, etc.

Any IA86 processor, any VM, no driver Higher res., lower overhead, system wide
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VTune Linux* improvements

Previously added in 2015:

* Auto-rebuild Intel EBS driver
« Does advanced analysis stop
working when an OS update is
installed?
¢ The driver can be setup to auto-
rebuild after an OS update.

+ Auto-disable NMI watchdog

« Tired of turning off NMI watchdog
to run advanced EBS profiling?

+ NMI watchdog timer is
automatically turned off and its
state restored after the collection

SOFTWARE AND SERVICES

Added in 2016:

« Perf can collect stacks
« Use pre-installed perf driver

- Intel EBS driver provides
additional features not available
in perf:

* Uncore events
« Multiple precise events
* New events for the latest

processors, even on an older
oS




Intel® VTune™ Amplifier XE -
Command Line Interface




VTune command line interface (CLI)

« Command line tool amplxe-cl

« Windows:
C:\Program Files (x86)\Intel\VTune Amplifier XE \bin[32|64]\amplxe-cl.exe

* Linux:
/opt/intel/vtune amplifier xe/bin[32]|64]/amplxe-cl

Help: amplxe-cl -help
« GUI can be used to setup
the command line ”\“BSHT“
1) Configure analysis in GUI [ﬂc"'““‘“"‘“"“"

2) Press "Command Line..”
3) Copy & paste command

# Choose Target and Analysis Intel VTune Amplifier XE 2016

I
U

0% ;nnz:-n-n-p-g

-
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VTune CLI: syntax

« VTune command line application amplxe-cl
amplxe-cl <-action> [-action-option] [-global-option]
[[--] <target> [target-options]]

- —action: usually either collect or report

* —action-option: modifies the behaviour of an
action

* -global-option: adjusts global settings

« <target>: denotes the target application to profile

> amplxe-cl -collect advanced-hotspots —-r result dir -- ./app
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VTune CLI: collect

« Syntax:

-c[ollect] <analysis type> [-analysis-option]
« The type of analysis defined with analysis type

- Analysis type defines the set of available analysis-
option modifiers or "knob”s

« Command line help with -help on each analysis
type and available knobs

> amplxe-cl -help -collect # List analysis types available
> amplxe-cl -help —-collect hotspots # List knobs for “hotspots”
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VTune CLI: collect - analysis types

- For HPC, the analysis types of interest are

* hotspots: Identify hotspots, collect stacks and call
tree information

« advanced-hotspots: Identify hotspots, use
hardware counters, do not collect stacks or call trees

* general-exploration: Identify low-level hardware
issues

- memory-access: Identify memory access related
issues and estimate bandwidth
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VTune CLI: collect - global modifiers

« A large number of global modifiers available

* [no-]Jauto-£finalize: [do not] finalize the result
after the collection stops

- data-limit: limit the amount of data collected. The
default is 1GB, set to 0 for unlimited

* quiet: limit the amount of information displayed

* -search-dir: path where the binary and symbol
files are stored

 -result-dir: path where the result will be stored
SOFTWARE AND SERVICES




VTune CLI: report

« Syntax:

-r[eport] <report type> [-report-option]
* The type of report defined with report type
« Report type defines the set of available report-
option modifiers
« Command line help with -help

> amplxe-cl -help -report # List report types available
> amplxe-cl -help -report hotspots # Usage of “hotspots” report

* NOTE: using a GUI to view results is preferrable
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VTune CLI: report - report types

« For HPC, the report types of interest are
- summary: Report overall application performance
* hotspots: Report CPU time for application
 hw-events: Display the total number of hardware
events
« A report is automatically based on the type of
data collected!
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VTune CLI: report - global modifiers

« A large number of global modifiers available

column: Specify which columns to include or
exclude

filter: Specify which data to include or exclude
group-by: Specify grouping in a report
time-filter: Specify which time range to include

-source-search-dir: path where the source code
is stored

-result-dir: path where the result will be stored &
SOFTWARE AND SERVICES -




VTune CLI: example

 Collect hotspots of application nbody, store
results to directory nbody hs

> amplxe-cl -collect hotspots -r nbody hs -- ./nbody 262144

« View available columns in the result and then
compile a hotspots report from specific columns

> amplxe-cl -report hotspots -r nbody hs column=?
> amplxe-cl -report hotspots -r nbody hs -column="CPU
Time:Self","Source File"
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Intel® VTune™ Amplifier XE -
Graphical User Interface




VTune Graphical User Interface (GUI)

« Graphical tool amplxe-gqui

+  Windows:
C:\Program Files (x86)\Intel\VTune Amplifier XE \bin[32]|64]\amplxe-gui.exe

* Linux:
/opt/intel/vtune amplifier xe/bin[32]|64]/amplxe-gui

* Pure GUI workflow

1) Set up a project Intel” 5
2) Choose analysis VTune” Amplifier XE
Performance Profiler

3) View analysis
results
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VTune GUI: Welcome view

fhome/mbycklin/intelfamplxe/projects/mbady - Intel VIune Amplifier -~

R

s

Open/close project
panel

(?) Getting Started

Current project: nbody

Analys's types : Basic Hotspots Analysis gNew Project... PrOJECt / result
. Advanced Hotspots Analysis Open Project...

avallable for the * P Locks and Waits Analysis & Open Result management

cu rrent p I"O_]ect P General Exploration Analysis

P New Analysis...
& Import Result...
o s —

Recent Projects: Recent Results:
» memkind_devel > r004hs [memkind_devel
. » ElmerFem_MPI > r003hs [memkind_devel
Recent proJeCts * » ElmerFem > r002hs [memkind_devel « Recent reSUItS
> Elmer_PoissonPFEM » r001hs [memkind_devel H

» r000hs [memkind_devel
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VTune GUI: choose analysis view

bB =

@ | | welcome

[ Algorithm Analysis
£ |Basic Hotspots|
A, Advanced Hotspots
A Concurrency
A Locks and Waits

v [z Microarchitecture Analysis
A General Exploration
A Memory Access
A, TSX Exploration
A TSX Hotspots

v [ Platform Analysis
A CPUIGPU Concurrency

[z Custom Analysis

fhome/mbycklinintel/amplxe/projects/nbody - Intel VTune Amplifier RS

Basic Hotspots Copy

Identify your most time-consuming source code. This analysis type cannct be used to
profile the system but must either launch an application/process or attach to one.
This analysis type uses usermode sampling and tracing collection. Learn more (F1)

e Start Paused

[ ¢ crooshargst ]

CPU sampling interval, ms: 1 +

_ | Analyze user tasks
__| Analyze GPU usage (Intel HD Graphics only)
Analyze Processor Graphies hardware events: |Nene Different Ways tO start the

Trace OpenCL and Intel Media SDK programs (Intel HD Graphic .
= analysis

(%) Details

Get analysis command line
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VTune GUI: analysis view

i Basic Hotspots Hot:

pe Amp

I3 0
o

4] [ Aoty ype] [® unin opportunities shown in pink.
AdJUSt data gI‘OUpIng * Grouping: | Function { Call Stadk HOVGI‘ fOI‘ tIpS

. CPU Time by Utilization TR Querheaff] B o TN T e v mmemm e
Function - Call Stack Function / Call Stack
@ldle @Poor Ok @ldecl @ Over and Spin Tilke 22.8% (10295 of 4.507s) |
Rl itpeioni sl black ® ject: [ o] a
FireObject:checkCollision 5075 = SystemProceduralFire.DLLIFireObjectzc..
Source File - Function - Call Stack [l FireObject:PracessFireCollisionsRange | 3444s ML (NN 0s. L
SystemProceduralFire.DLLIFireObject:Pr..
Thread - Functi Call Stack = NtWaitForSingleObject EXUGHI | 065
read - Funcrion - Lall Stad . WaitForSingleObjectEx+ WaitForsin| 3.300: (N0 B90s | SystemProceduralFire DLLIFireObject:Fi...
-.. (Partial list shown) = RHpWaitOnCriticalSection< RHEnte| 0.007s| 00075 Smoke.exe!ParallelForBody:operator()+..
» Elste:sbasic_ifstream < char,struct stdi:char) 33505 [ | 0s Smoke.exe![TBE parallel_for on class Para..
Double click function @ OgreiFileSystemArchiveopen | 3359 (T I O [ Smoke.exelibbzinternal:start for<class .
o [ CBaseDevice:Present 3,006 N 0671s Smoke. el TaskManagerT BB ParellelFo
exe! :
to view source Selected 1 row(s): 15075 [ B
o o = SystemProceduralFire. DLLIFireObject:Em... _

CIle [+] for Ca” StaCk QOO 500me 25600ms___25700me 25800ms __ 25900ms Ruler Area 2
e e e e e e e e e = G

———————— VvV~ —v ¥ v vy v vor v v v~ v v vl

Filter by _tlmellne_selectlon i
(or by grid selection) B_endthreader (1D, | Do

Zoom In And Filter On Selection 9 i Overhead and Spin Time

Remove All Filters ] = Sl P Tasks
[ = || any vocie

Y TEEE Functions only =

Process /Thread /Module | =] |_

[ | Ay Thread | |f any utizaton

Any Process

No filters are applied.

Call Stack M

SOFTWARE AND SERVICES Filter by process - Function / IONO/ED

& other controls mode
NSNS e




VTune GUI: view source code profile

View source / assembly or both CPU Time Right click for instruction reference manual

o

Intel VTune Amplifier X€ 2015

B Tosksani “rames | (R SR

Bas Hotspots Hotspo

Caller/Callee | [#% Tc

W) | Assembly grouping: |address

Source CPU Time: Total .. & Sour.. CPUTime: Total .. P * _|
T . Source Address s [ Asselibly =
Didie @ Poor DOk Didle @Poor DOk _
0.017s| 0x41866d 580 cmp dword pt Pp-0x130], 0x| 0120s) =

Oxdl8bed <Wbck 533 03791

jz

Quick assembly navigation: OB |50 |t e
Se'ect source to hlghllght assembly # 0418676 581 mov edx, dword ptr [ebp-0x130| 0090s|

5 |
0x418b7c 581 mov eax, dword ptr [edx+0x4] | 0.020s| —
579 cur = g->cells[voxindex]; 0. 0x41867f 581 mov ecx, dword ptr [eax] 3253 N
580 while (cur != NULL) { 04995 0xi18b81 581 mov edx, dword prr [ebptoxc] | 2500s NN =
581 if (ry->mbox[cur->cbj->id] ! 0x418b84 581 mov eax, dword ptr [edz+0x10]| 0.030s| =
582 ry->mbox [cur->obj->id] = 1 0547s[ 0118687 581  mov edx, dword ptr [ebptOxc] o
583 cur-sobj-smethods-sinterse| 1.769s [l 0x418b8a 581 mov eax, dword ptr [eax+ecx*4| 0.040s| UI
584 1 0xi18b8d 581 cmp eax, dword prr [eax+oxc] | 12625 H
585 cur = cur-vaext; 0.568s | 0x418b30 581 Jz 0x418bd6 <Block 57> =
586 3 0.070s| 0x418b92 Block 55: =
587 curvex.z += step.z; 0.070s| 0x418692 | 582 mov ecx, dword ptr o) 0331s
588 if (ry->maxdist < tmax.z || cu| 0.100s| 0x418698 582 mov edx, dword ptr 01165
Selected 1 row(s): 7.7955 | Highlighted 9 rogs): 77955 -
[l v [« o) » < [l « [m) »

Scroll Bar “Heat Map” is an overview of hot spots
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VTune GUI: view thread timeline

< Transitions

Ml CPU Time

Locks & Waits Basic Hotspots Advanced Hotspots
T . ARama T T Ml L e i T ;
CEo =i 29,863 29.87s 29,885 29.89s 29.9; F |Ruler Area 29,945 29,965 29,98 30,055 3015 30,15
pT—— = T T T = =% Frame == = == < - =
wiliinMainCR? - ETTTT TN T T TR——
[Thread (0x1364) B Running " Np——|
F fThread @x1369 [ Waits e ——
£ [thread ox1379) = User Task P —
read (0x 137c) v Transition
[Thread (i )
[Thread (0x1384) Thread Concurrency - - e i ]
Muly Concurrency
—— L i ok i
= + [=d 3
= User Task
) iti
Frame T & Transition T
Frame Transition Start: 20,9585 Duration: 0.0185
Hovers: |t 25 burtion: bo17s wWinMainCRTStartup (:12¢4) to Thread (0:x138¢) (20.899s to 29.8995) Task Type: Smoke:FrameWork:execute()::Other
Frame: 72 Sync Object: TBB Scheduler Task End Call Stack: Framewark:Execute

Frame Domain: Smoke:Framework:execute)
Frame Type: Good
Frame Rate 598242179

Object Creation File: taskmanagerthb.cpp
Object Creation Line: 318

CPU Time
04.233472%

« Optional: Use API to mark frames and user tasks ¥ Frame = UserTask
+ Optional: Add a mark during collection
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VTune GUI: find concurrency issues

Coarse grain
locks

High lock
contention

Load
imbalance
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Triead

QP Qe 5w 6 6.5 7 7.5 ES 2N

[mainCRTStartup 20
o)

(OMP Worker [ hresd =1

wa rao)

lOMP Worker Thread #2
(©228¢)

(OMP Worker Thread #3
©xLa74)

Ihread Cancurrency

read
8 Running
#1030 weits

thu CPU Timel
Transitions

ik Concurrency

QO Qe 2865 287s 2883 2895 293 291s 292s
[ ees————
2 M T oot RO TR D RS
lone worker Theead# || IO, SS90 ’ I
i it O R v
£ [OVP Worker Thiead 2 1 i i -
(0x1550) RNl

I | il
[OMP Worker Thread 22 | [ il iiiii il iilIHIHN 1111 JINE i USRIV 21T

©a231)

Thicad Concurency

=
. Running
0 woies
ldu CPU Time
Trancitions

PU Usage

ldue CPU Time
[ Thresd Concurrency
ldu, Concurrency

Thraic

CEQECCie 14w s 16y Lys  18s 19 2e  2ds
[mainCRTStartup Oxlcc
ey

(0P Worker [hread 21

wans)

[OMP Worker Thread #2
25ch)

[OMP Worker Thread 3

Doty
S e ————
Thress Concurency

hread
B Running

uks Concurrency

Low
concurrency




VTune GUI: results comparison

* Quickly identify cause of regressions.
* Run a command line analysis daily
« Identify the function responsible so you know who to alert

« Compare 2 optimizations — What improved?
« Compare 2 systems — What didn't speed up as much?

Grouping: [Funcﬁon f call stack - ]

Function / Call Stack CPU Time:Differencew Medule CPUTime07hs ¥ CPUTimed06hs *
& FireObject::checkCollision SystemProceduralFire.DLL
# FireObject:ProcessFireCollisionsRange)  4.644< - SystemProceduralFire.DLL 5.643c - 0.999< l
& dliStopPlugin 3,765s (] RenderSystem_Direct303.0LL 91845 N 5.419s (]
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VTune GUI: remote data collection

 Interactive analysis « Command line analysis

1) Configure SSH to a remote 1)Run command line remotely
Linux* target on Windows* or Linux*
2) Choose and run analysis with target
the GUI 2) Copy results back to host and
open in GUI

Intel VTune Amplifier XE 2016

B Choose Target and Analysis Type

& FREIETRETEY | Analysis Type
@ local
23] remote Linux (SSH) Launch Application v wiaSSH | username@hostname w

&5 Intel Xeon Phi coprocessor (native) Specify and configure your analysis target: an application or a script
&5 Intel Xeon Phi coprocessor (host launch) | to execute. Press F1 for more details.

o Choose Analysis

[ Binary/Symbel Search
@ Source Search

Application: C:\Test Cases for AXE\Sm w

Application parameters:




VTune GUI: MPI+OpenMP analysis (1/3)

™ Advanced Hotspots Hotspots viewpoint (change) Intel VTune Amplifier XE 2015

ation Elapsed Time and scalability. Explore options for parallelization, algorithm or

How efficient is my parallelization towards ideal parallel execution

How much theoretical

a affgement is significant and negatively impacts the application performance and
scalability. ExpLure OpenMP regions with the highest metric values. Make sure the workload of the regions is enough and the loop schedule is..

@ Top OpenMP Regions by Potential Gain

This section lists OpenMP regions with the highest potential for perfoermance 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 Potential Gain (%) Blapsed Time What regions are mor
conj_grad_$omp$parallel: 24 @/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3-OMP/CG/cq.f:514:695 3.294s 22.7% 10.208s perspective to invest.
MAIN__%$omp#parallel: 24 @/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3-OMP/CG/cq.f:185:231 0.059s 0.4% , . 200
MAIN__$omp3$parallel: 24 @/home/vtune/work/apps/NPB/NPB3.3.1/NPB3 3-OMP/CG/cq.f:339:345 0.001s 0.0% o.001s Links to grid view for ghore
MAIN__$omp$parallel: 24 @/home/vtune/work/apps/NPB/NPB3.3. 1/NPB3.3-OMP/CG/cg.f:361:365 0.001s 0.0% 0.001s details on inefficiency
MAIN__$omp#parallel: 24 @/home/vtune/work/apps/NPB/NPB3.3. 1/NPB3.3-OMP/CG/cg.f: 263:269 0.000s 0.0% 0.000s

[OTHers] UUUUS U UR 0.

« An overview of the "Summary” pane
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VTune GUI: MPI+OpenMP analysis (2/3)

® Top OpenMP Processes by MP| Communication Spin Time

This section lists processes sorted by MPI Communication Spin time. The lower MPI Communication Spin time, the more a process was on a critical path
of MPI application execution. Explore OpenMP efficiency metrics by MPI processes laying on the critical path

Process PID MPI Communication Spinning (%) OpenMP Potential Gain (%) Serial Time (%)

bt-mz.B.4 (rank 2) 37954 4.428s 16.8% 11.234s 42.7% 5.410s 20.6%
bt-mz.B.4 (rank 0) 37948 5.236s 19.9% 9.953s 37.8% 6.542s5 24.9%
bt-mz.B.4 (rank 3) 37957 5.274s 20.0% 10.329s 39.3% 6.384s 24.3%
bt-mz.B.4 (rank 1) 37951 6.196s 23.5% 9.183s 34.9% 7.513s 28.6%

* VTune reports contain MPI communication spinning metrics for Intel MPI

+ Showing OpenMP metrics and serial time per process sorting by processes laying
on critical path of MPI execution

SOFTWARE AND SERVICES




VTune GUI: MPI+OpenMP analysis (3/3)

| Advanced Hotspots Hotspots viewpoint (change) ® Intel VTune Amplifier XE 2016

SOFTWARE AND SERVICES

28 Collection Log| | @ Anal arget ype WS @ Bottom-up (BN ee| *% Top-down Tree| |BE Platform

Grouping: | Process / OpenMP Region / OpenMP Barrier-to-Barrier Segment / Function / Call Stack

OpenMP Potential Gain - Nu ope. | OP® CPU Time *B
e.
Process / OpenMP Region / OpenMP Barrier-to-Barrier Segment / Function - " Elapsed | of |Insta..| ' |Loo. Instructic
Lock ol Te T <2 B Effective Time by ... | Spin | Ove
J Call stack Time | Ope. Count Sch. Y P Retirec
Imbal... Crea... | Sche... Red..| Other G P Chu

thr.. Type lmLs Wroor @or | ™ | e

“bt-mz.8.24 (rank 14) 17385  0s  0s 000ls 0s 0.007s 36995 11.364s 7,857 7435;_ 3.838s 67,3434
“bt-mz.B.24 (rank 23) 17535 0.001s 05 0.001s Os 0.012s 36485 113635 10,476 zsoss [ 3.779s 67,856,

0s 0.001s 0.001s  0Os 0.0065 36155 113645 . I 7562 | 3.724s 67.591.¢ |
Selected 1 row(s) 3.899s 113635 7,857 7.2445) 4.033s 0.023s 67,167.¢

“*bt-mz.B.24 (rank 13)

a Process / Th| v

[] @ Effective .

[ Spin and Ove.

[ & MPI Com...
[ CPU Time

[ dduk CPU Time

[] thuds Spin and ..

ceu e A T O T T AT YRR ATTIIERCIAACY -
No filters are applied. Any Process v IAny Thread v IAny Module v Any Utilization | IUSEr functions +| v on | ¥ IFun(tmns only | v

“MPI communication-aware” grid and Process/Thread scalable timeline view

Process [ Thread




VTune GUI: OpenMP analysis

- Tracing of OpenMP constructs to provide region/work
sharing context and imbalance on barriers

- Advanced hotspots w/o stacks is recommended to make
sampling representative for small regions

* VTune is provided with information by Intel OpenMP RTL

« Fork-Join points of parallel regions with number of working
threads (Intel Compilers version 14 and later)

« OpenMP construct barrier points with imbalance info and
OpenMP loop metadata

« Embed source file name to an OpenMP region with -parallel-
source-info=2 compiler option

SOFTWARE AND SERVICES




VTune GUI: OpenMP region view (1/2)

Definition of Region Potential Gain (elapsed time metric)

For Actual Parallel Region Elapsed Time Join
A

/ \

Effective time (sampling)
Imbalance (tracing)

Lock spinning (sampling)
Scheduling (sampling)
Work creation (sampling)

Atomics (sampling)

BCRER N

Reduction (sampling)

Potential Gain as a sum of inefficiencies normalized by
Y J number of threads

] . A A
Estimated Ideal Time = <+—> o WP

SOFTWARE AND SERVICES Effective time / Number of Threads




VTune GUI: OpenMP region view (2/2)

8 pdvanced Hotspots Hotspc

= @ Analysis Target

Tree| B Tasks and Frames

Grouping: [OpenP Region ] Function / Call Stack

/

OpenhP Potential Gain || Opanrv]ﬁotarmalGam(%ofcmlacuonﬂma) 5] Number
Elapsed | of |Inst..
OpenMP Region / Function / Call Stack Lock Lock Sch...| Red...| Other | 1o | opemt..| o

Imbalence | 2 |Crea... Sch.. Red..| Other Imbalgfice (%) 22 s il
con]_grsd_SompSparallel24@/home/viune/work/apps/NPB/NPB3.3.1/NPB3.3-OMP/CG/cg £514:695 3944 e | 34658 00% 00% 00% 00% 01% 11095 76
MAIN_SompSparallel: 24 @/home/vtune/work/ spps/NPB/NPB33.1/NPB3.3-OMP/CG/cg £185:231 S 0s  0s  0s  0s 0.00s T 00% 00% 00% 00% 00% 0286 4 1

Serial - outside any region] 0s 00% 00125

MAIN__SompSparallel:24@/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3-0MP/CG/cg.f:339:345 0.000s Os Os 0s 0Os 0s 00% 00% 00% 00% 00% 00% 0001s 24 75
MAIN_SompSparallel:24@/home/vtune/work/apps/NPE/NPE3.3.1/NPE3.3-OMP/CG/cg £:361:365 00005 0s 05 0s 05 05 00% D00% 00% 00% 00% 00%  000Ls 24 75
5 MAIN_SompSparalleh24/home/viune/work/apps/NPB/NPE3.3.1/NPB3.3-OMP/CG/cg £263:269 00005 0s 05 05 0s 05 00% D00% 00% 00% 00% 00%  0000s 24 1

d Frames

Grouping: | OpenMP Region / Function / Call Stack

OpenMP Potential Gain (% of Collection Time)

OpenMP Region / Function / Call Stack

conj_grad_SompSparallel:24@/home/vtune/work/apps/NPB/NPB33.1/NPB3 3-OMP/CG/cg.f:514:695
JAIN_SompSparallel24@/home/vtune/wark/apps/NPB/NPE3 3.1/NPB3.3-OMP/CG/cg f185:231

0.075s  0.000s 0s 0.000s % 00% 00% 0285524
Serial - outside any region] 0s 00% 0013
IAIN__SompSparallel:24@/home/vtune/work/apps/MPB/NPB3.3.1/NPB3 3-0MP/CG/cqg.f:339:345 0.000s [ [ 0s) 0s 0.0005 00% 00% 0. 00% 00% 00% 0001s 24 75
MAIN_ SompSparallel:24@/home/vtune/werk/apps/NPE/NPB3 3 1/NPE3.3-OMP/CG/cg.f:361:363 0.000s 0s) 0s. 3 0Os! 0s 00% 00% d 00% 00% 00% 0001s 24 73

Imbalance

(%)

0.0%) 11.758s| 24

SOFTWARE AND SERVICES
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VTune GUI: OpenMP Barrier-to-Barrier
view (1/2)

- Helps if there is more than 1 barrier

#pragma omp barrier

—|#pragma omp parallel

(implicit or explicit) in a parallel region #oregr omp single
+ Especially useful for the model with 1 parallel region ;T
and work-sharing constructs inside with pragma #pragma omp for

single to do sequential work ¢

« OpenMP RTL allows tracing sub-region segments

from region fork or previous barrier points
r——— Parallel Region Sub-region 4

t { |
Sub-region 1 Sub-region 2 \ Sub-region 3

/" NN N

Region Fork User Barrier . . omp for barrier o
9 omp single  Single barrieromp for P ‘)%‘
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VTune GUI: OpenMP Barrier-to-Barrier

Intel VTune Amplifier XE 20

Grouping: | OpenMP Regiorfl OpenMP Barrier-to-Barrier Segment / flinction / Call Stack

OpenMP Potential Gai &8 Number OpentP | p | Avg OpeniP
OpenMP Region / Opergflf Barrier-to-Barrier Segment / Function / Call Stack Lock Elapsed) of |ins..| Loop Loop Loop
Imbalance ¥ Creation| Scig Redu... | Atomi...| Other | Tme | OpenMP | Cou..| Schedule Itesation
Gon¥ threads Type unk
*conj_grad_$omp foop_barrier _ 3.725s Static
*conj_grad_§omp3Teep T = home/vtune/work/apps/NPB/NPB3.3 1/NPB3.3-OMP/CG/eg 683 | G inoe 05 0s 05 0.004s 0.418s 24 Static
“conj_grad_$omp3$loop_bar rier _segment @/home/vtune/wor kiapps/NPB/NPB3.3.1/NPB3.3-OMP/CG/cq f:625 0.0335  0s 05 0.002s 0.000s 05 0.0025 0.068s 24 Static
*conj_grad_$omp barrier _segment@/home/utune/wor k/apps/NPB/NPB3.3. 1/NPB3. 3-OMP/CG/cg.f:650 0.015s  0s 0s 0000s  Os 0s 0.001s 0.064s 24 Static 3125
*conj_grad_$omp$loop_barrier _segment une/work/app: 83.3.1/NPB3.3-OMP/CG /cq.f:664 0.014s  0s 0s 0000s  Os 0s 0.001s 0.079s 24 Static 3125

OpenMP Potential Gain B OpenMP Potential Gain (% of Collection T. Nu ope | OP5N
Elap..| of |Ins. LP Loop
Lock Imba...| Lock | Cre..|Scheduli... Red..|Oth.. 00.,
Time | Ope. |Co. Sched...
Imba..| " Cre...| Scheduling Red. Oth. 0| 50 1S T ala e

3.127s 0.0.. . PRy 0.0%| 0.0%|11.7 ...

3.1255 |

“conj_grad_$o

oop_parrierq

“conj_grad_$omp3loop_barrier@/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3-OMP/CG/cq.f:675:683 0s 0s 0.0, 11% 0.0% 0.0% 0.0% 0.0% 0.0% 0.41.. 312. Static
*conj_grad_yomp $loop_barrier@/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3-OMP/CG/cg f:621:625 0.001s 0.0.. 0.0. 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.07.. 24 312. Static
Pynamicscheduling gverhead.on-2.parallelloob o/ o7 . o 0000: 00.. 0.0. 0.2% 00% 0.04 004 0.0% 0.0%007..24 312, Static

« Imbalance distribution by loop, single, reduction, user, join barriers
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@ OpenMP Analysis. Collection Time: 23.251
13,3965 (57.6%)
Serial Time of your application is high. It directly impacts applicatio
microarchitecture tuning of the serial part of the application.
9.8555 (42.4%)

3.9435 (17.0%)

5.9125 (25.4%)
The time wasted on Load imbalance or parallel work arrangement is significant and negativell
scalability. Explore OpenMP regions with the highest metric values. Make sure the workload

Serial Time (outside any parallel region):

@ Parallel Region Time:

Estimated Ideal Time:

Potential Gain:

OpenMP Region j Thread / Function / Call Stack

OpenMP Region / Thresd / Function |Poten
1 Call Stack Gain

main$or

arallel:4 8@/home

outside an

egion]

Gain  Elapsed  CPU Instructions|
Peof  Teme  Time Retired
Coll

VTune GUI: OpenMP serial hotspots

OMP Master Trread #0 (TID: 227, 0s uaus s | Serial hotspots
CPhysical Geametry: FindFa s 0.0% Ls67s) 6.488,100,4
CTetrahedron; GetNade 0s 0.0% 1.216s 2,311,200, under MaSter
Lint_malloc 0s 0.0% 0.763s | 5.175.500.] Thread
b sorte.gnuexic:.._normal 05 0.0% 06285
Lint_free 3,223,800,
CPhysical Geametry. SetPoint.C 899,100,
__libe._maltoc 0s 0.0% 04795 2130300,

Time Filter to exclude

initialization phase

@ Hu, Cpe. | Arg | Max | Min
Opente o
Open® ey / OpestP Eamie-te Barie Segment / Functin Eapied | of | Ina Locp | Ope.. | Ope
el Potemial~ | ine. | Gpe. | Count| 2% | sch. | Lovp | Loop L Efecive Time by U
hre. ype hen... hen... hen.. @ ldle @ Poce @ Ok B
D coni_grad_Somplpacallek2i @/ homelvtune/vwork spps/NERNPE] 34003 |24 |
s MA_SompSparalet 4/ homestune workapps/HPR/NPEL) amo:omws 21
i MAN_ScrnpSpaatil 2 hinarstuna/moet/spuMPRINDAS3 0 0003
5 [Seriel- outside sy region] s oms 1307 D
Selecked 1 sk 12 s 3
e —— =
[OMP Vaster Tovesd = e r—— . B 7 taglenl
2 OMP Worker Theed .
2 OMF Worker Tresd..
(OMP Worker Thresd...
IOMP Worker Thresd...
CPUTime
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VTune GUI: OpenMP scalable timeline

Region frames on the ruler

QOCQrQe _ 27.9c 28 2A1s 28

Ruler Area
P Region |...

OpenMP Barrier-t

Thread

ffective...
[ 8 Spin and.
CPU Time
ik CPU Time
ik Spin and...

CPU Time

More green color — more efficient multithreaded execution /

Intel® Xeon Phi™ profiling result
with 288 threads
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VTune GUI: OpenMP region source view

Intel VTune A

@ Bottom-up RS ES

Grouping: [OpenMP Region / OpeniP Barrier-to-Barrier Seqment / Function / Call Stack

OpenMP Region / OpenMP Barrier-to-Barrier Segment / Function / Call Stack
Imbalance

E conj grad_SompSparallel:24@/homejvtune/work/apps/NPB/NPB3 3.1/NPB3 3-OMP/CG/ cg £:514:695 3944 |

il conj_grad_SompSloop_barrier_segment®/home/vtune/work/apps/NPB/NPB33.1/NPB3.3-OMP/CG/cg.£580 27255 0:_0: 0000s 0= (s 0008: 10445524
il conj_grad_SompSloop_barrier_segmenfi®/home/vtune/work/apps/NPB/NPB33.1/NPB3.3-OMP/CG/cg.£683 =™ Advanced Hotspots Hotspots viewpoint (change) ©
#conj_grad_jempSloop_barrier_segmeniid/home/vtune/werk/apps/NPB/NPE3 3.1/NPB3.3-OMP/CG/cg £625 3| | @ Analysis Target Analysis Type | [ Summ tt
# conj_grad_SompSloop_barrier_segmenf§d/home/vtune/work/spps/NPB/NPB33.1/NPB3.3-OMP/CG/cg.f650 Assembly grouping: | Address
# conj_grad_SompSloop_barrier_segmenfid/home/vtune/work/apps/NPE/NPB33.1/NPB3.3-OMP/CG/cg.f664 -

[ conj grad_Somp _seg| pp: 31/NPB33-OMP/CG/cg £:555 S Source cru Instructions
#lconj_grad_SempSloop_barricr_segmenlid/home/vtune/work/apps/NPB/NPE3 3.1/NPB3.3-OMP/CG/cg £:527
#lconj_grad_SompSloop_barrier_segmenlid/home/vtune/work/apps/NPB/NPE3 3.1/NPB3.3-OMP/CG/cg 604
# conj_grad_SompSloop_barrier_segmenf§/home/vtune/work/spps/NPB/NPB33.1/NPB3.3-OMP/CG/cg.f538
# conj_grad_ _seg pp 3.1/NPB3.3-0MP/CG/cg f695
[ MAIN_SompSparallel: pp: 31/NPB3.3-OMP/CG/cg £:185:231
S1a 1 $omp parallel default(shared) tel(y.k,cgit.suml.,alpha,beta)| | ¢
[ MAIN_ SompSparallel:24@/home/vtune/Work; app: - =5 [EREDE 515 "Ee& ard(dro,!‘ﬁm) — — —
s1s
s17
s1s
s1o
s20
s21 0.002s °
522 = 0.034s  8.100.000
523 = 0.022s  10.800.000
s2a = 0.01as  2.700.000
s2s p(3) = r(3) 0.0a1s  5.400.000
S26 enddo

tsomp end do
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Intel® VTune™ Amplifier XE -
Typical HPC workflow




Profiling HPC applications

- VTune can profile hybrid MPI+OpenMP
applications on a cluster
 For profiling MPI, use Intel® Trace Analyzer and
Collector or Intel® MPI Performance Snapshot
« Recommended workflow:
« Run collect with CLI on a cluster

* Run report with GUI on a local workstation or a
cluster login node
 Collection results can be transferred if needed

SOFTWARE AND SERVICES




VTune with MPI applications (1/3)

* Single node application launch:

<vtune_ command> [--] <mpi command> <application>

> amplxe-cl -collect advanced-hotspots -r result dir -- mpirun -
np 48 ./mpi_app

- Encapsulates all the ranks to result directory
- Example: ranks 0-47 in result_dir
- Works whenever VTune is able to track the

processes created
+ Limited to profiling over a single node

SOFTWARE AND SERVICES



VTune with MPI applications (2/3)

« Multiple node application launch:

<mpi_ command> <vtune_ command> [--] <application>

> aprun -n 48 -ppn 16 amplxe-cl -collect hotspots -r result dir
./mpi_app

- Results encapsulated to per-node directories
suffixed with hostname
Example: ranks 0-15 in result dir.hostnamel, ranks 16-31

in result dir.hostname2, ranks 32-47 in
result_dir.hostnameB
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VTune with MPI applications (3/3)

« Selective rank profiling by modifying the MPI
process launch:

> mpirun -n 1 ./mpi_app : -n 1 amplxe-cl -collect hotspots -r
result dir ./mpi_app : -n 14 ./mpi_app

 Intel MPI supports -gtool “<command>:<rank-
set>[=mode]” Option:

> mpirun -n 16 —-gtool “amplxe-cl -collect hotspots -r result dir
:1”7 . /mpi_app
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HPC Performance Analysis




HPC Performance Analysis

e CLI:

> mpirun -n 16 —gtool “amplxe-cl -collect hpc-performance -r
result dir :1” ./mpi_app

o A A e
~\E¥ Algorithm Analysis
A Basic Hotspots
A Advanced Hotspots
A Concurrency
A Locks and Waits
P8 HPC Performance Characterization (preview)

~E&¥ Microarchitecture Analysis

& L

HPC Performance Characterization (preview) Copy

Preview feature - should we keep it, change it. or drop it? Send us your comments

Analyze important aspects of your application performance, including CPU utilization with additional details on
OpenMP efficiency analysis, memory usage, and FPU utilization with vectorization information.

For vectorization optimization data, such as trip counts, data dependencies, and memory access patterns, try
Intel Advisor. It identifies the loops that will benefit the most from refined vectorization and gives tips for
improvements

The HPC Performance Characterization analysis type is best used for analyzing intensive compute applications.
Learn mere (F1)
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Analysis Structure and Metrics

Two characterization metrics

B HPC Performance Characterization

° Ela psed T|me B8 Collection Log| | Analysis Target|| © Analysis
. GFLOPS* Elapsed Time ~: 28.606s
GFLOPS ~: 2.766
Three performance aspects
L . CPU Utilization: 18.8%
° CPU Utlllzatlon Memory Bound “: 46.2%
« Memory Bound FPU Utilization *: 4.3%

- FPU Utilization*

*Metrics are available on HW that supports floating point PMU events (IVB/IVT, BDW, SKL..;
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Performance Aspect: CPU Utilization

™ HPC Performance Characterizat

= Collection Log| [® Analysis Target nalysi

CPU Utilization Elapsed Time - 28.606s

GFLOPS ': 2.766

CPU Utilization *: 18.8%

* % of effective CPU usage under
- o

profiling (threshold 90%) \l, Mamony Bound - £6.2%
. Under assumption that the app cPU UtiLization . 18.8% ’ FPU Utilization 7: 4.3%

should use all available logical cores pliction s high. It diectly Wopatte applcation Clapsed Tims and scatabicy

on a node s e e .
+ Subtracting spin/overhead time s bavarn . bl o

spent in MPI and threading runtimes k S [
Metrics in CPU utilization section

 and scalability, Fxplore OpenMP regions with the highest
orkload of the regions is enougn and the Loop scnedule is optimal.

- Average CPU usage o, . .
- Additional MPI and OpenMP =8 g

scalability metrics impacting
effective CPU utilization

» CPU utilization histogram
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Performance Aspect: Memory Access

# HPC Performance Characteriz

B Collection Log| | @ Anal Target

Memory Bound Elapsed Time *: 28.606s

. . . . GFLOPS ': 2.766

* 9% of potential execution pipeline v
sl.ots lost due to memory accesses to Memory Bound 7: 89.8% | worory sound - 4625
different levels of the hierarchy Coche Bound FPU Utitization *: 4.3%

A significant propertion of cycles a

h h Id 800/ from caches. Check Memory Acc

(t res O 0) L2 or L3 caches are problematic and consider applying the same

performance tuning as you would for a cache-missing workload

MetrICS |n Memor Bound SeCtlon This may include reducing the data working set size, improving
y data access locality. blocking or partitioning the working set to fit

in the lower cache levels, or exploiting hardware prefetchers.

Consider using software prefetchers. but note that they can
« Cache bound, DRAM bound e e P!

increase latency. and increase
pressure on the memery system. This metric includes coherence

« Issue description specifies if the AT

code is bandwidth or latency bound N

H H H Th t h h ft the CPU stalled th

with proper advice of how to fix T e e ez Ziaiied on the main
The code is memery bandwidth bound, which means that there
ifi t f t f L d hich th b o dth
« NUMA: % of remote accesses limite of tne main memary are being reatned and the cods could
stall. Review the Bandwidth Utilization Hlstngram to estimate the

- Important to explore if the code is Tiemaciear sparemss wonic WL e acie mamay bandwidin

multi-secket systems, which will reduce code memory bandwidth

bandwidth bound Cansumption

NUMA: % of Remote Accesses 94.9%

CPU Utilization : 18.8%

issues.

A significant amount of DRAM loads were serviced from remote

° BandW|dth ut'l'zat|on h|stog ram DRAM. Wherever possible. try te consistently use data on the

same core. or at least the same package. as it was allocated on
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Performance Aspects: FPU Utilization

# HPC Performance Characterization

B Collection Log| [@ Analysis Target

FPU utilization Elapsed Time *: 28.606s

+ % of FPU load (100% - FPU is fully
loaded, threshold 50%) \ 2

Metrics in FPU utilization section FPU Utilization *: 14.1% Memary Bound *: 46.2%
+ GLOPs broken down by scalar and oriors': o FPU Utilization *: 4.3%
paCked Packed GFLOPS : 3.326
* Top 5 loops/functions by FPU usage e e sy s i
+ Dynamically generated issue e e P e, e e et
descriptions on low FPU usage help o |
to define the reason and next steps: e e
+ Non-vectorizedvectorized with odfonpsoale forosen] - *% B T
legacy instruction set oseat ne BElminionsh g 763, 225%
+ memory bound limited loops not CtemstEsfuntidsnat g 050,
benefiting from vectorization etc. ILoosat lne 84 in oleLagran
geElements$omp$parallel_for 6.856s 22.2% Vectorized (Body)
@581]
UL;T;;‘L‘:E i‘t\z;[?s;r 5.704s 19.6% Vectorized (Body)

SOFTWARE AND SERVICES




Bottom-Up Grid View

Metrics by OpenMP regions or functions/loops
» Regulated by choosing proper grouping
« Wall time/global metrics like elapsed time, GLOPs, serilal

time, OpenMP potential gain are available for
Process/Region groupings

Grouping: | OpenMP Region / OpenMP Barrier-to-Barrier Segment / Function / Call Stack ] (B
2] 2] N o As ™M ™M
) ) Spe Memory Bound NUMA. % u Ope. O Ave [ Max | Min
OpenMP Region / OpenMP Barrier-to-Barrier Elaps... GFLOPS Serial Pot - fR + FPU cPUT of Ins... L Loo..|Ope. Opea.| Ope
Segment / Function f Call Stack Time Time “ (Ll o= L3 [DRA. | o ar| O ST i ‘M | ope.|cou. |=2%"|sch..|Lea..|Loo.. |Loo
Gain | Bound|Bound Bound| Bound Accesses i Chu | el ke |ite. | ite.
Bconj_grad_somp$ parallel: 24 @/home/vtune/wor| 13,30 .. LRLTH 0,069 0.000 [EELENEER] 0 000 sssx 1% IETEENED
':un|,grad,“;nmp“}lﬁnp,harrlar,sagmanl@t‘hn 2.918s 0.165 Os 2.672s 0.208 0.000 0.003 0.003 0.0% 0.1% 60.395s 24 25 Dyn 75, 7 75,
tconj-grad_$omp*%loop_barrier_segment@/ho 1.028s 0.933 Os 0.912s 0.107 0.016 0.0395 0.010 0.0% 0.4% 21.792s 24 312. Sta. 5,. 5, 75,
'tan],grad,‘Sumpiluap,bar\ ier_segment@/hol 7.923s 6.502 Os 0.636s 0.015 0.000 0.407 0.356 0.000 55.5% 2.3% 184.694s 24 20 Gui 75, 5, 75,
tconj-grad-$omp%loop-barrier_segment@/hon| 0.722s 0.665 0Os 0.568s 0.115 0.023 0.000 0.033 0.0% 0.3% 13,9235 24 312. Sta. 75,
tYeonj.grad_%SompS$barrier _segment@/home/vtu| 0 236s 0,000 0.000s 0.215s 0.088 0.009 0.0% 0.0% 5.263s 24
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