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TALKING TO AUSER ABOUT OPENMP™ PARALLELIZATION EFFICIENCY IN THE
LANGUAGE A PROGRAM WAS WRITTEN IN

DMITRY PROHOROV, VTUNE HPC LEAD



Agenda

* VTune Amplifier XE OpenMP* Analysis: answering on customers’ questions
about performance in the same language a program was written in

« Concepts, metrics and technology inside
* VTune Amplifier XE OpenMP Analysis Workflow
* OpenMP analysis for hybrid MPI + OpenMP applications

 Summary
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Typical customer questions on parallelization efficiency of
OpenMP* applications

* "l put pragmas but why my * s serial time of my application significant
speed up is far from linear? to prevent scaling?
«  Parallelization inefficiency * How efficientis my OpenMP
, parallelization?
* “l'ran my app on a system with

« If not, how much gain can be achieved if |

bigger number of cores but it [y
invest in fighting with the inefficiencies?

does not run as efficient as on JRUEELESIAE
smaller number”

What OpenMP regions/loops/barriers are

«  Scalability issues worth to tune?

*  What are the particular problems with them?
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If Performance Information is OpenMP “Unaware”..

!

& Advanced Hotspots Hotspots viewpoint (change) @

™ Advanced Hotspots Hotspots viewpoint (change) ¢

s Target Anal e llection Log| | ¥ Summary
llection L':"i_:] Grouping: | Function / Call Stack
# Bl
@ ELaPSEd Time lllgls Function / Call Stack cry - Instructions cP
Time Retired Rate

Instructions Retired: 376,767,5559 o
— ool | [ — YT RIS

— ~__kmp_wait_template<kmp_flag_64> 61.113s 160,996,999,551 1.133

The CPI may be too high. This could be caused by issues such as m ~I% kmp_flag_64::wait ¢ __kmp_hyper_barrier_release 61.111s 160,989,997,423 1.133

instructions. Explore the other hardware-related metrics to ident = __kmp_barrier 60.979s 160,645,659,445 1.133

Wait Rate: 0 299 =% __kmpc_barrier 59.732s 157,354,278,820 1.133

- ~ conj_grad_$omp$parallel@514 < __kmp_invoke_microtas 58.203s 152,713,602,610 1.137

CPU Frequency Ratio: 1.109 " sparset makea® MAIN__$omp$parallel@185% __kmp_in 1.117s  3,529,551,310 0.946

PBUSEd -l—lme: OS T makea+ MA\N,,$ump$paraLLel@185<— —_kmp_invoke _micg 0.412s 1,111,124,900 1.099

~ __kmpc_reduce+ conj_grad_$omp%$parallel@514 < __kmp. 1.215s 3,205,687,474 1.127

@ CPU Time: 259.986s +F __kmpc_reduce_nowait 0.032s 85,693,151 1.115

* __kmp_fork_barrier = __kmp_launch_thread < [OpenMP wor 0.132s 344,337,978 1.143

=% __kmp_hyper_barrier_release< __kmp_barrier 0.002s 7,002,128 0.953

© __kmpc_barrier < conj_grad_$omp#parallel@514 < __kmp_ir| 0.001s 4,698,398 0.947

* __kmpc_reduce < conj_grad_$omp%parallel@514 < __kmp_i 0.001s 2,303,730 0.966

+__kmp_wait_template<kmp_flag_64> 11.241s 27,962,658,587 1.199

oo The questions are tied to OpenMP program structure — #pragmas

;ﬁ;‘t“tfgie Answers should be given the same way to be understandable and

ol actionable
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VTune Amplifier XE OpenMP* Analysis: answering on customers’ questions
about performance in the same language a program was written in
Overview on summary pane

How efficient is my parallelization towards ideal parallel execution?

How much theoretical gain | can get if invest in tuning?

Patential Gain 3.3545 I:ZEI 1)

scalability. Explore I"_'lp-r"'uHF‘ regions with the highest metric values. Make sure the workload of the regions is enough and the loop schedule is.

gamaent is 'lv.:|'\f|-c'|n|: and negatively impacts the appllc'lfmn er ormance and

@ Top OpenMP Regions by Potential Gain

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

pentP l-le-gnun Potentisl Gain {'-\E-:I\I.)p:.ed Torie What regions are more
conj_grad_*%omp$parallel: 24 @ homafviuneworkfapps/NPE/MNPEY 3 1 /MPR Y 3-OMPICGlcg f:514:695 13,2045 22.7% 10,2045 perspective to invest?
AN __$ompsparallel: 24 fD/homelviunefwork/apps/MPB/MPBI 3 1/MPBI 3-OMP/CGleg 185231 0.059s 0.4% ey
MAIN__ S amp$parallel: 24 @ homelvtune/work/appe/NPB/NPBI. 3. 1/NPB3 3-OMPICGlca - 139:345 00015 0.0% o001 Links to grid view for
Pl __$um|:-$p-:|ral.lcl:24@:‘humm'vtunr."wurl-cn'gpn':.fNP‘BJNPBll 1/MPB3. 3-OMP/CGlcg 361365 0001s 0.0% 0.001s rnore_ (EIetalls on
MAIN, . $amp parallel; 24 @ home/vtune/work/apps/NPB/NPB3, 3. 1/NPB3 . 3-OMP/CG/cg f:263:269 0.0005 0.0% 0.000s mefficiency
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Key of OpenMP awareness in VTune — Region based views
and metrics

Definition of Region Potential Gain (elapsed time metric)

Actual Parallel Region Elapsed Time

Join
4 A \/
L]

-~

For

Effective time (sampling)
B Lock spinning (sampling)
Imbalance (tracing)
Scheduling (sampling)

- B Work forking (sampling)
Atomics (sampling)

Potential Gain as a sum of inefficiencies normalized by num of threads

\

Estlmated Ideal T|me =
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Technology under VTune Amplifier XE OpenMP Analysis

Tracing of OpenMP constructions to provide region/work sharing context and
precise imbalance on barriers

* Provided to VTune by Intel OpenMP Runtime under profiling
* Fork-Join points of parallel regions with number of working threads (Intel Compiler 14 and later)
* OpenMP construct barrier points with imbalance info and OpenMP loop metadata
« -parallel-source-info=2 compiler option to embed source file name to a region name

* Looking at transition to OMPT, working with John M.-C. on interface enrichments for low overhead
analysis

Sampling to define and classify CPU time - user’'s code and OpenMP RTL work

» Classification: Locking, Scheduling, Work Forking
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VTune Amplifier XE OpenMP Analysis Workflow

Start with HPC Performance Characterization analysis

Explore CPU Utilization aspect metrics related to OpenMP in summary,
grid, Sou rce VieW r zatio (cha ) INTEL VTUNE AMPLIFIER XE 2

& Choose Target and Analysis Type INTEL VTUNE AMPLIFIER XE 20 ©) €PU Utilization : 76.4% &

Average CPU Usage 18.344 Out of 24 Logieal CPUs
O start

A Analysis Type

Parallel Region Time : 77845 (99.7%)
Estimated |deal Time *:
OpenMP Patential

Top OpenMP Regions by Potential Gain

This section Lists OpenMP regions with the highest potential for perfarmance improvement. The Patential Gain metric shows the elapsed time that could be saved if the region

Serial Time 00215 (0.3%)
b by B B HPC Performance Characterization Copy

&5 Algorithm Analysis 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 ntime overhead

A Basic Hotspots

was cptimized ta have ne load imbalance assuming no

@ Start Paused

A Advanced Hotspots For vectorization optimization data, such as trip counts, data dependencies, g~ = y OpenMP Region OpenMP Patential Gain”' (%) OpenMP Region Time

A Concurrency and memory access patterns, try Intel Advisor. It identifies the loops that & . ni_qrad_$ cmp bparallel 246/ home/ viune/workra L208:% 168X 75260

A Locks and Waits will benefit the most from refined vectorization and gives tips for A § parallel-2 4@/ home/vtunelwork/apps/NF 0.0465  0.6% 0.2405
N $ parallel: 24 @/home/stuneiwork/appsiN

improvements.

0.016s 0.2% 0017s
The HPC Performance Characterization analysis type is best used for :

0.0015
0.0% 0.000s

- ¥ Compute-intensive Application Analys

srallel:24@/home/ytune/work/appsiNP

AR E RN GEE ST | analyzing intensive compute applications. Learn more (F1) N__$ ompS parallel:2 4@/ home/stune work/appsiN

~ & Microarchitecture Analysis

CPU sampling interval, ms: 1

A General Exploration WA 5 applid o o summable metris.
A Memory Access Collect stacks CPU Usage Histogram

A TSX Exploration

This histogram displays a percentage of the wall time the specific aumber of CPUS were running si eously. Spin and Overhead time adds to the Idle CPU usage value

 Analyze memory bandwidth

A TSX Hotspots 257 B 8 5!
A SGX Hotspots  Evaluate max DRAM bandwidth 5 EH E
EIRE-S <]l L
- Platform Analysis 1| & Anslyze OpenMP regions ] iy i
A CPU/GPU Concurrency Las i c
I 1
1 ] I
] I
05s. J !
o

CL: >amplxe-cl —collect hpc-performance <my_app>
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Per Region Details in grid view: inefficiencies in wall time -
classification and issue highlighting

% Advanced Hotspots Hotspots viewpoint (change) Intel VTune Amplifier XE 20

= on & Analy et y 8 Summary | ECJEEREE wn Tree | B Platform

Grouping: | OpenMP Regionffl OpenMP Barrier-to-Barrier Segment / Qunction / Call Stack
OpenMP Potential Gai Number OpenMP o Avg OpenMP
OpenMP R 10 B to-B s t / Function / Call Stack Flapsed of In...| Loop ten Loop
pen egion / Open| arrier-to-Barrier Segment / Function / Call Stac L oop
Imbalance | "= | Creation| Schydfl... Redu... |Atomi... Other | Time |OpenMP Cou..| Schedule Chunk Iteration
Con threads Type Count
Bconj_grad_$omp$parallel:24@ e efwork/apps/NPB/NPB PB OMP g 4:69 3.944s 0 y 0.0025|O‘00051109 4 6
*iconj_grad_$omp P oop_barrier _segment/iue o . — = 1 3.725s q Static 3125 75,000
*conj-grad_somp#loop_barrier _segment@/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3-OMP/CG/cg.f.683 0.149s  0Os Os Os Os Os 0.004s 0418s 24 Static 3125 75,000
*conj-grad_somp%loop_barrier _segment@/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3-OMP/CG/cg f.625 0.033s  Os 0s| 0.002s 0.000s 0s 0.002s 0.068s 24 Static 3125 75,000
*conj-grad_somp¥loop_barrier _segment@/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3-OMP/CG/cg f.650 0.015s  Os 0s  0.000s 0Os 0s 0.001s 0.064s 24 Static 3125 75,000
*conj-grad_somp¥loop_barrier _segment@/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3-OMP/CG/cg f.664 0.014s Os Os  0.000s Os Os 0.001s 0.079s 24 Static 3125 75,000

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

=} 0 A

Grouping: | OpenMP Reg\ol / OpenMP Barrier-to-Barrier Segmentl Function / Call Stack v b G0 K

OpenMP Potential Gain & OpenMP Potential Gain (% of Collection T... Mu. Ope Cpen...
Elap...| of |Ins. pe- Loop
OpenMP Regyn / OpenMP Barrier-to-Barrier Segment / Function / Call Stack Lock Imba...| Lock |Cre..| Scheduli... Red..|Oth.. Loo..

Imba... Cre...| Scheduling [Red..|Oth.| . . . oy | Time |Ope.|Co.| . | Sched..

Con... (%) |Cont...| (%) (%) () | (%) thr .. | Type

Bconj_grad_$omp$paral' el: 24@/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3-OMP/CG/cg.f:514:695 |0.20...| 0.0..| 0.0 3.127s mm 1.7%| 0.0%|0.0% pNeRy 0.0%| 0.0%

“conj_grad_$o arrier Qibamaidunsiaoclanoa/NERINDES 3 J/NDRS 3 aMB/Co /g fogonan 000 00 Os 3.125s “ER 2 1 Dynamic

*conj_grad_%omp*loop_barrier@/homefvtune/work/apps/NPB/NPB3.3.1/NPB3.3-OMP/CG/cg.f:675:683 | 0.12... 0s s Os, 0s 00. 11k 0.0% 0.0% 0.0% 0.0% 0.0% 0.41.. 24 312. Static

Hiconj_grad_$omp$lgop_barrier@/home/vtune/work/apps/MNPB/NPB3.3.1/NPB3 3 OMP@!Cg.f:621:625 Os Os 0.001s 0.0.. 0.0. 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.07.. 24 312. Static

DyﬂwmlQnﬁghﬁguwg&vgfﬁh@ﬁ%@ﬂpﬁ Hﬁ!@ J'gl‘lﬂ:‘ %637:@ Os  Os 0.000s 0.0.. 0.0. 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.07.. 24 312. Static
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Details in Grid View: Serial Time Hotspots

CPU Utilization : 25.8% Kk
Average CPU Usage : 22.674 Out of 88 logical CPUs
Serial Time (outside parallel regions) : 4.559s (32.1%) &
Top Serial Hotspots (outside parallel regions)
This section lists the loops and functions executed serially in the master thread outside of any OpenMP region and consuming the most

CPU time. Improve overall application performance by optimizing or parallelizing these hotspot functions. Since the Serial Time metric
includes the Wait time of the master thread, it may significantly exceed the aggregated CPU time in the table.

Function Module Serial CPU Time
page_fault vmlinux 0.636s
[Loop at line 152 in miniFE::cg_solve<miniFE::CSRMatrix<double, int, int>, miniFE::Vector<d

ouble, int, int>, miniFE::matvec_std<miniFE::CSRMatrix<double, int, int>, miniFE::Vector<dou miniFE.x 0.533s
ble, int, int>>>]

pageblock_pfn_to_page vmlinux 0.486s
miniFE::dot<miniFE::Vector<double, int, int>> miniFE.x 0.412s
std::local_Rb_tree_decrement libstdc++.50.6.0.21 0.330s

Grouping:

OpenMP Region / Thread / Function |Poten

I Call Stack Gain

*main$omp $parallel:48@/homefvtu| 5.911s

erial - outside any region]

Pot...
Gain
(% of
Coll...

OpenMP Region / Thread / Function / Call Stack

Elapsed
Time

@ Bottom-up

B
CPU
Time

402.739s 880,937,100,

Instructions)
Retired
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Fare apsia o
SRR — Barrior 70 o # Call Sraeh - > . ~ .
AJIAL AN B 3l4s4n v o I
1 oow 0014 48 ) o
. | 5 124s|
or  oon  aafas \ 3
: 38 N 3 = T oster Ade
| = e
e —————— —

~OMP Master Thread #0 (TID: 227 0s 0.0% 13.313s 55,703,700, -

T W =) sasiof O€FiAl hotspots under
+CTetrahedron:GetNode 0s 0.0% 1.216s 2,311,200,

+_int_mallec 0s 0.0% 0.763s | 5,175,900, M aSte r Th read
“std:isort<__gnu_cxx:i__normal. 0s 0.0% 0.628s [ 3,920,400,

+Lint_free 0s 0.0% 0.602s | 3,223,200,

+CPhysical Geometry:SetPoint_C| 0s 0.0% 0.5665s 4 899,100,

+__libc_malloc 0s 0.0% 0.479s 2,130,300,

Time Filter to exclude
initialization phase
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Details on Scalable Timeline

Super tiny timeline display mode - a bird-eye’s view having all data without scrolling

Region frames on the ruler

eTle Tertery g 3 o g o a.4 8 8 6 87s _ 288 8.9 g g 9 g 3.4 9 9.6

Ruler Area
P Region ...

Thread

= CpenM...

Effective...

[] @ Spin and...
CPU Time

[¥] duk CPU Time

[] duk Spin and...

CPU Time

More green color — more efficient multithreaded execution /

Intel® Xeon Phi™ profiling result with 288 threads
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Details for a Region at source file level

Advanced Hotspo AMp
& Bottom-up =
Grouping: [(u.lsbom} OpenMP Region / OpenMP Barrier / Function
OpenMP Potential Gain OpenMP Potential Gain (% of Collection Time) MBI Mum. Ope Ope..
Elaps..| of |Inst. " | Loo
OpenMP Region / OpenMP Barrier / Function Lock . . Imbalance | Lock |Crea...| Scheduling | Red... | Other | Com. T\Frj"ne Ope.. | Count Loop S(hP Effective
Imbalance Creation | Scheduling | Reduc...| Other B (P Ch -
Con Con...| (%) (%) () | (%) |Spin.. thre.. ue| Type | Time
= conj_grad_$omp$parallel:24 @/home/vtune/work/apps/NPB/NPB3.3 1/NPB3 3-OMP/CG/cqg.f:514:695 0.206 0 0.000s R F:ly  0.001s| 0.00 %| 0.0%| 00%FECEY 0.0% 0.0% 0 3 6 99.29
& conj_grad_SompSloop_barrier@/home/vtune/work/apgs/NPB/MNPE3.3.1/NPB3.3-0MP/CG/cg.f:572:580 0.008s Os Os 31255 Os 0.000s 01% 0.0% 00% 259% 00% 00% Os 111035 24 1 Dyna.. 189.318s
& conj_grad_SompSloop_barrier@/home/vtune/work/ap§s/NPB/MNPE3.3.1/NPB3.3-0MP/CG/cg.f675:683 0.127s Os Os (s Os 0.000s 11% 0.0% 00% 0.0% 00% 0.0% Os 04135 24 3125 Static 5,880
& conj_grad_SompSloop_barrier@/home/vtune/work/ap§s/NPB/MNPE3.3.1/NPB3.3-0MP/CG/cg.f660:664 0.0155 Os 2, e O O OLSpo SWpo ange) @ A
# conj_grad_SompSloop_barrier@/home/vtune/work/ap§s/NPB/MNPE3.3.1/NPB3.3-0MP/CG/cg.f:537:650 0.020s Os
[ conj_grad_SompSloop_barrier@/home/vtune/work/ap fs/NPB/MNPE3.3.1/NPB3 3-0MP/CG/cg.fi621:625 0.028: 0= Y Assembly =29 = %) | @ | Assembly grouping: | Address ~
# conj_grad_SompSloop_barrier@/home/vtune/work/ap§s/NPB/NPE3.3.1/NPB3.3-0MP/CG/cg.f:520:527 0.0025 Os =]
S. P Ty cPU Instructions
Li e Time Retired
) S14 : !$omp parallel default(shared) privatelj,k,cgit,suml,alpha,beta)| | i
S1S ! $omp& shared(d, rhoo, rho,sum)
516
517 Cmm e e e e e e e eeeeeeeeeaceeecea-ee-ceaaeea-
s18 c Initialize the CG algorithm:
519 L ettt
520 1 $omp do
521 do j=1,naa+l 0.002s o
522 q(j) = o.odo 0.034s 8,100,000
523 z(j) = o.odo 0.022s  10.800,000
524 r(j) = x(3) 0.014s 2.700.000
S2S p(3) = r(3) 0.0421s 5.400.000
526 enddo
527 1$omp end do
s28
529 =
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Summary

* VTune Amplifier XE OpenMP analysis answers on customer’s questions
about performance on the language of OpenMP constructs

* The analysis is well-scalable for many-core systems with good balance of
tracing and sampling collection technologies

 The OpenMP analysis is “MPIl-aware” that is helpful for inner-node hybrid
MPI + OpenMP application tuning

« The full feature set is available in VTune Amplifier XE 2018 with Intel
OpenMP and Intel MPI runtimes as a part of Intel® Parallel Studio XE 2018
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A Use Case: NPB CG imbalance improvement

Step 1: Profiling original application — NPB CG (Class B)

0 Advanced Hotspots Hotspots viewpoint (change) @

B8 Collection Log| | @ Analysis Target

Analysis Type "¢ Bottom-up| | ¥% Caller/Callee| | #% Top-down Tree| BB Tasks and Frames
{®) OpenMP Analysis. Collection Time: 11.400
Serial Time (outside any parallel region): 0.017= (0.1%)
A Parallel Region Time:  11.384s (99.9%)
Estimated Ideal Time: 7408z (65.0%)

Potential Gain: 3.976s (34.9%)

The time wasted on load imbalance or parallel werk arrangement is significant and negatively impacts the application performance and scalability, Explore OpenMP regions with
the highest metric values, Make sure the workload of the regions is enough and the loop schedule is optimal

(#) Top OpenMP Regions by Potential Gain

This sectien 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 Potential Gain (%)  Elapsed Time

con] grad SompSparallel:24@/home/vtune/work/apps/MPB/MPEB3.3.1/NPB3.3-0MP/CG/ cg fi514:695

30565 34.7% 11,0955
MAIN _SompSparallel:24@/home/vtune/weork/apps/MPE/MNPB3.3 1/MNPB3.3-OMP/CG/cg.f:185:231 0.086s 0.8% 0.286<
MAIN Sempiparallel:24@/home/vtune/werk/apps/NPB/MPB3.31/NPBE3.3-OMP/CG/cg.f:361:365 0.000s 00% 0.001s

There is a region with promising potential gain — go to Grid View for

more details




A Use Case: NPB CG imbalance improvement

« Step 1: Profil | lication — NPB CG (Class B
e . Proriung originat a ICation ass
. . . . 0" . . ” .
* There are barriers in region — use experimental “/OpenMP Region/OpenMP Barrier..” grouping
% Advanced Hotspots Hots Intel VTune Amplifier XE
M o [T | o Caller/Calles
Grouping: [(custom) OpenMP Region f OpenMP Barrier / Function / Call Stack ']
[l poten... 3 Ope.. CPU Time
OpenMP Region / OpenMP Barrier / Function / Call Stack Potential Caing [t L&:}:" L Spin Time Overhead Ti
P 9 P Gain of  Time % Sch.. prrective Time B
Collec... “ Type Imbalance .. Lock Contention... Other Creation.. Scheduling ...
B conj_grad_SompSparallel:24 @/home/viune/work/apps/NPB/NPB3 3.1/NPB3.3-OMP/ CG/cg.f.514:695 3956s| 34.7%| 11.095s 1729635 92.007s Os| 02125 0.001s 0.048s5
[#lconj_grad_SompSloop_barrier@/home/vtune/work/apps/NPB/NPE3.3.1/NPB3.3- OMP/CG/cg.fi572:580 3734s  328% 10445s 3125  Static 163.287s 86.109s 0s 0198 Os 0.002s
onj_grad_SompSloop_barrier@/home/vtune/work/apps/NPE/NPE3.3.1/NPB3.3-OMP/C G/ cg.f:675:683 0150s  1.3% 04185 3125  Static 6.5285 3451s 0s  0.007s Os Os
onj_grad_SompSloop_barrier@/home/vtune/work/apps/NPE/NPE33.1/NPB3.3-OMP/CG/ cg.f:621:625 0.036s  03% O0068s 3125  Static 0.4465 11285 Os  0.004s Os 0.0425
onj_grad_SompSloop_barrier@/home/vtune/work/apps/NPE/NPE3.3.1/NPB3.3-OMP/CG/cg.f:637:650 0016s  0.1% 0064s 3125  Static 1.044s 0.527s 0s  0.001s Os 0.001s
[#lconj_grad_SompSloop_barrier®/home/vtune/work/apps/NPB/NPE3.3.1/NPB3.3- OMP/CG/cg.f:660:664 0014s  01% 0079s 3125  Static 1.420s 0.570s 0s 0s 0Os 0.001s
o a n n D/MNE2 21 /MNR2 2 AN fsg nona nnec oo, 0056 n110, n nom 0 n.
. . . .
* Imbal mp | f, : 572 - 580, schedul tat
dalance on o OoOop IN CZ.T, LINnes. , Scneaute Is static
571
572 somp do
573 do j=1,lastrow-firstrow+l
574 auml = 0.40
575 do k=rowstr(j),rowstr(j+1l)-1
576 suml = suml + a(k)*p({colidx(k))
577 enddo
578 g(j) = suml
579 enddo
580 'zomp end do




A Use Case: NPB CG imbalance improvement

« Step 2: Trying dynamic scheduling omp do schedule (dynamic)

om-up | | Caller/Callee | | #% d BE Tasks and Frames

() OpenMP Analysis. Collection Time: 12.063

Serial Time (outside any parallel region): 0.018= (0.1%)
® Parallel Region Time:  12.045s (99.9%)

Estimated Ideal Time: 85155 (70.6%)

Potential Gain: 3.530s (29.3%)

The time wasted on load imbalance or parallel work arrangement is significant and negatively impacts the application performance and scalability. Explore OpenMP regions with
the highest metric values, Make sure the workload of the regions is encugh and the loop schedule is optimal.

(#) Top OpenMP Regions by Potential Gain

This sectien 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 Potential Gain (%)  Elapsed Time

conj grad SompSparallel:24@/home/vtune/work/apps/MPB/NPB3.3.1/MPB3.3-OMP/CG/cg.£:514:685 3.33s 27.7% 11.758s
MAIN SompSparallel:24 @/homevtune/work/apps/MPB/MNPB3.3.1/MPB3.3-OMP/CG/cg f185:231 0.075s  0.6% 0.285s
MAIMN SompSparallel:24@/homevtune/work/apps/MPB/MNPE3.3.1/MPB3.3-0MP/CG/cg.fi339:345 0.000s  0.0% 0.001s
MAIN SompSparallel:24 @/ heme/vtune/work/apps/MPB/MNPB3.3.1/NPB3.3-OMP/CG/cg.f:351:365 0.000s 0.0% 0.001s

MAIN SompSparallel:24 @/homevtune/work/apps/MNPB/NPB3.3.1/NPB3.3-OMP/CG/cg.f:263:269 0.000s  0.0% 0.000s

Elapsed time increased — no improvement

Go to Grid View for details




A Use Case: NPB CG imbalance improvement

Step 2: Trying dynamic scheduling “omp do schedule (dynamic)”

Advanced Hotspots Ho

Intel VTune Amplifier XE 2

Grouping: [(cusmrn) OpenMP Region { OpenMP Barrier / Function

BEIE

CPU Time

Loop  Effective Spin Time = q
Time

OpenMP Region / OpenMP Barrier / Function Gain | Elaps..

Ga. (% of Time Schedfle

Lerhead Time

Imbalance ... Lock Contention... Other Creation.. Sch

B conj_grad_Somp$parallel:24 @/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3-OMP/CG/ cg.f:514:695
conj_grad_SompSloop_barrier@/home/vtune/work/apps/NPE/NPB3.3.1/NPB3 3-OMP/CG/cg.f:572:580

conj_grad_SempSloop_barrier@/home/vtune/work/apps/NPB/NPB3.3.1/MPB3 3-OMP/CG/ cg.f:675:683

duling ... Reduction ...
27.7%| 1175 :

21

189.318s

Os
01285 11% 041 : — 6.880s : : Os
[ conj_grad_SempSloop_barrier@/home/vtune/werk/apps/NPB/NPE3.3.1/NPE2.3-OMP/CG/cg.f:621:625 0.030s 03% 0.071s Static 3125 0.511s 1.094s 0s 0.008s 0s 0.025s 0.010s

Default chunk size is 1 and it led to scheduling overhead

Let's try bigger chunk size




A Use Case: NPB CG imbalance improvement

» Step 3: Trying dynamic schedule with chunk 20

8 Advanced Hotspots Hots

B8 Collection Log | | & Analysis Target ‘¢ Bottom-up | |#% Caller/Callee| | #% Top-down B2 Tasks and Frames

(=) OpenMP Analysis. Collection Time: 9.878
Serial Time (outside any parallel region): 00175 (0.2%)
@ Parallel Region Time:  9.861s (99.8%)
Estimated Ideal Time: 9.406s (95.2%)
Potential Gain: 04555 [4.6%)

(®) Top OpenMP Regions by Potential Gain

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

OpenMP Region Potential Gain (%] Elapsed Time

conj grad SompSparallel:24 @/home/viune/work/apps/NPB/MNPB3.3.1/MPB3.3-OMP/CG/ cg.f:514:635 02625 27% 9.568s
MAIMN SompSparallel:24 @/home/vtune/work/apps/NPB/MPB3.3.1/NPB3.3-OMP/CG/cg.f185:231 0091s 09% 0.291s
MAIMN SompSparallel:24 @/ homefvtune/work/apps/NPB/MPB3.3.1/NPB3.3-OMP/CG/cg.f:361:365 0001s 00% 0.001s
MAIN SompSparallel:24 @/home/vtune/work/apps/NPB/MPB3.3.1/NPB3.3-OMP/CG/cg.f:339:345 0000s 0.0% 0.001s

MAIN SompSparallel:24 @/homevtune/work/apps/MNPB/MNPB3.3.1/NPB3 3-OMP/CG/cg.f:263:269 0000s  0.0% 0.000s

Improved original elapsed time ~15%, eliminated imbalance
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