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1. TPyAHOCTU NPOEKTUPOBAHUA U
peannsayunm napananenbHoOro Koaa




TpyAHOCTUN NPOEKTUPOBAHUA U
peannsaumnm napannenbHoOro Koaa

Npu npoeKTUpoBaHUMU

e KaKoB O’KMAaEeMbIN BbIMIPbIL OT pacnapannenmpaHua Koaa?
OnpaBAaHbl M ycnnms pas3paboTynKkos?

o EVAET 7 napanneanblﬁ KO/, MaCLIJTa6MpOBaTbCFI C yBEJ/INHEHUNEM
4ymucna aaep U Npoueccopos?
B peanunsauuu

e [MpaBMbHO pacnapanieNnTb HYKHbIM Koz,

e He chomaTtb TecTbl

* [106UTbLCSA KeNaemoro yCKoOpeHua Nporpammo
* NaeHTUOULUMPOBATL pasaenaemble pecypchbl

e OTnaguTb NapannenbHblii KoA U UCNPaBUTb
TPYAHOBOCMNPOU3BOAMMbIE OLLNOKM



2. JTanbl NPOEKTNPOBaHUA NapanienbHoro
Koda U MHCTpPYMeHTbI Intel ans
Pa3paboTYMKOB

Choose and Build a Target

Discover Parallel Opportunities Qf Survey I

Intel

Parallel
Studio

Check Performance Implications Swn Suitability
Accept performance >< E

Examine Potential Correctness
Problems

Choose and Mark the Best Annotate
Parallel Opportunities Sources

8 Correctness

Decide on Proposed Tasks , Summary

Accept proposal
for tasks

Fix Sharing Problems @ Correctness

Problems fixed

Q Correctness

Check Program Correctness
Accept proposal “Pi Suitability

a Annotation
Add Parallelism Report

, Add Parallel
Framework

Next Steps for Parallel Program




NHCcTpymeHTbl ana pa3paboTtumkos Intel
M 3Tanbl NPOEKTUPOBAHMA Napannenn3ma
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2. Modenupyem c
Intel® Advisor XE

[ Peanunsauyusa naparsieribHoro Koga

[3. lpoeepsiem c Intel® Inspector XE

[ AHanus npobnem ¢ NoToKkamu } }




Intel® Parallel Studio XE,
Intel® Cluster Studio XE

OueHKa 1 oNnTUMKU3auma
NPOU3BOAUTENBHOCTH

/-HDOQKTM poBaHue
napannenbHoro

KoAa, OLeHKa ero
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~ KOPPEKTHOCTH
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Intel® Inspector XE

foe 8 MOEM NpunoxXeHuu npobaemnl B ...

4 N N
namaTu NOTOKax 6e3onacHocTH
Problems Timeline Code Locations
IDa & Erablem 0 =i ! ID Description & Source Funci
P1 Mismatched allocation._. fin main (7652) T e =% Dividebyzero K cylinder.cpp .. void
P2 @ Invalid memory access i thread_video (5444) Les g;;e:-a;: e
P3 @  Memory leak fi threadstartex (8556) = -
* HeKoppeKTHblﬁ AOoCTyn * [OHKUM AQHHbIX * [lepenonHeHune 6yc|)epOB
* YTeuykn namatu * B3anmHble 6ﬂ0KMpOBKM * HeKoppeKTHble yKa3aTenu
* 1OCTYN K Yy*KMM CTEKam
A8 AN AN

- He TpebyeT cneumanbHOM NEpPEKOMNUAALUN

. NopnpepxusaeT npoueccopsbl Intel n x86-coBmectmmble

npoL,eccopbl

- OnepauunoHHble cuctembl 32-bit n 64-bit, Windows™* n Linux*

MoucK TpyaHOOTNAXKMBaeMbIX OLUMOOK HA paHHUX CTagUAX pa3paboTKu




Intel® Advisor XE

CpeactBo 3Tana NPoOeKTUpPoBaHUA

*OueHKa NpupocTa NPon3BoAUTENbHOCTU
A0 peanusalmm MHOronoToOYHOCTH

eHTerpauma B Microsoft* Visual Studio,
otaenbHbi GUI u CLI nHTepdenc

oC++, Fortran, C# .NET

eWindows™* u Linux*®

* YnobeH ana npoeKkTUpoBaHMA Napaaienm3ma c obuein namaTbio

MopgenuposaHue NnapannenbHoOro UcnoaHeHua 6e3 pUcKa «CI0MaTb» CyLLECTBYIOLLUIA KOA,

Advisor XE ysennuusaet ROl pacnapannenmsaHus




3. Mpumep pacnapannenmBaHms




MpunnoxeHune duplo

http://duplo.sourceforge.net/

o\duplo' Release Duplouece ||

[MToncK noBTOpAOLWMXCA BNOKOB TEKCTA B rpynne ¢anaios

ANroOpuUTM:
® CPaBHUTb BCE Napbl Pa3inNYHbIX panios

e NNA napbl $ani0B HaUTK coBNaaatoLLme CTPOKU U
3aN0/IHUTb MaTpULy CTPOK

* 06beANHUTb CTPOKU U3 MaTPULLbI B 6/10KM coceaHUX
CTPOK

® BbIBECTU BCe HaUAeHHble 610KM B dann



http://duplo.sourceforge.net/

OcobeHHOCTU NpunoxxeHusa duplo

[locnegoBaTtenbHOE NPUNOXKEHUEe

EcTb TecToBblE CUEHaPWUN C 3TaIOHHbIMU BbIXOAHbIMMU
dannamm

AKTUBHOE MCMNO/Ib30BaHME ANCKA: 3aNMnUCb CTPOK B damnn
nocse NPOBEPKU KarKaown napbl pannios

BxoaHble TekcToBble pansibl HEOAHOPOAHbI



AHanun3 npobnem namatu ¢ nomoulbio Intel® Inspector XE

)ate E ] raople = HE ' .
pe || B : @ Summary
= e
Severity Jal
ir1 @ Mismatched allocation/deallocation  tedfile.cpp Duplo.exe Fe New B Error 5 itemi(s) EI
emary [ea upla.cpp upla.exe EW T Type
[+ P3 @ Memory leak hashutil.c... Duplo.exe 143696 B [Mew Memaory leak 4 item(s)
[+ P4 @ Memory leak sourcefile. ... Duplo.exe 502936 Fe New Mizmatched allocation/deall... 1 itemnis)
+ P5 @ Mermory leak XMemo Duplo.exe 409260 B Mew Source =
41100 1of2 b
Descripticn Source Function Madule Object Size  Offset
Mismatched deallocation site textfile.cppd? readAll Duplo.exe
45 std::ostringstream o3; Duplo.exe!readhl]l - textfile.cpp:47
4G " Duplo.exe!readlines - textfile.cpp:5
47 Duplo.exe!run — duplo.cpp:208
43 Duplo.exe!main — duplo.cpp:303
49 } 2lse | Duplo.exe! tmainCRTStartup — crtl.c:
Allocation site textfile.cpp:d2 readAll Duplo.exe
40 unaigned int len = inFile.tellg(): Duplo.exe!readil]l - textfile.cpp:d2
41 : = = - Duplo.exe!readl.ines - textfile.cpp:5S
42 char* buffer Duplo.exe!run - duplo.cpp:208
43 - Duplo.exe!main — duplo.cpp:303
44 inFile.cloae(): Duplo.exe! tmainCRTStartup - crtl.c:




[TONCK ropAaYnx pyHKUUM N LMKNOB
c nomouwbto Intel® Advisor XE

® Where should I add parallelism? o

summary EINROLG LUl ¢ Annotation Report | Suitability Report # Correctness Report

W@ ¥ view Source

Function Call Sites and Loops Total Time % Total Time  Self Time  Toploops  Source Location
ETotal 100.0% M 39.5413s 0s
B pre_c_init 100.0% DN 2954135 Os criexec2 25
E_trmainCRTStartup 100.0% D 3954135 0s criexe.c410
=main 100.0% D 3954135 0s duplo.cppi295

= Duplozrun 100.0% M 2954135 0s duplo.cppl?7

1 Duplosrun] 97.7% | || &

12 in Duplosrun] =y 27 46645 5 . ;
= Duplorprocess a7 6% 8743523 040875 duplo.cppal

= O [loop at duplo.cpp:102 in Duplosprocess] 69.9% I £25918s 0.0468s fe duplo.cppl02

= O [loop at duplo.cppil04 in Duplosprocess] | 69.8% B 624670s 968445 fe duplo.cppl04
Sourcelinetequals 303% @ 2716763 27 16763 sourceline.cppidé
SourceFilengetline 286% 0 2561495 25.6149% sourcefilecppil6s
SourceFilengetline 0.1% 0.0720s 0.0780s sourcefilecppil68

O [loop at duplo.cppil36 in Duplosprocess] 171%0 1527955 0.1091s fe duplo.cpplzs

O Mloop at duplo.cppl1ld in Duplosprocess] 10.2%10 915525 006235 duplo.cppi114

DuplotisSameFilename 0.0%| 003125 0s duplo.cppl?3

O NMooo at duplo.con:214 in Duplo:rurl 23% 20428s 0s duplo.com214

4 m | b4




Bbibop BHELWHero unkna ansa
pacnapaniennBaHus

for(int i=0;i<(int)=sourceFile=z.=zize () ;i++){
outfile << sourceFilez[i]->getFilename () ;
int kblocks = 0O;

for{int j=0;j<(int)=szourceFiles.=ize():;j++)}{
if(i » j && 'isSameFilename (sourceFiles[i]->getFilename (), sourceFiles[j]l->getFilename())){
blocks+=process (sourceFiles[i], sourceFile=s[j], outfile):

if(blocks > 0){
outfile << "™ found " << blocks << " block(=z)" << =td::endl:
glss |
outfile << " nothing found"™ << =td::endl;

blocksTotal+=blocks;



[lobaBneHne aHHOTaLUMMK
Intel® Advisor XE BO BHELLWHUWN LMK

ANNOTATE_SITE_BEGIN( compare_files );
for{int i=0;i< (int)sourceFiles.zize()ri++){
ANNOTATE_ITERATION_TASK(compare_files_task);

cutfile << sourceFiles[i]->getFilename () ;
int blocks = 0;

for(int j=0;j<(int)=sourceFiles.=size () ;j++)1{

if(i » j && 'i=SameFilename (sourceFile=z[i]->getFilename (), =sourceFiles[j]->getFilename()}){
bElock=s+=process (sourceFile=s[i], =sourceFiles[j], outfile):

if (blocks > 0){

outfile << " found " << blocks << " block(s)" << =std::endl;
} el=e {

outfile << " nothing found™ << std::endl;

blocksTotal+=blocks:

ANNOTATE_SITE_END(compare_files);



MoaennpoBaHme macwTabmupyemocTu
BHELIHEero LuMKaa

% What are the performance implications of the annotated sites? o

Summary - Survey Report & Annotation Report REETHEIHIEEITGM # Correctness Report

Maximum Program Target CFU Count Threading hodel: leenMP "]
Gain For All Sites: Annotation Label  Source Location  Maximum Site Gain Maximum Total Gain Average Instance Time Total Time

compare_files B duplo.cpp:238 _ 3.41x

3.41x
Scalability of Maximum ChangesIwill make to this site to improve performance
16 Site Gain Type of Change Benefit if Checked Loss if Unchecked Recommended

5 ] Reduce Site Crverhead Mo

§ & O T [ Reduce Task Owerhead Mo

=

3 dxq &) [ Reduce Lock Owerhead Mo

=

3 [[] Reduce Lock Contention Mo

Vi 2 0

O [[] Enable Task Chunking Mo

0

)

=

2 4 8 1l 32
Target CPU Count

Annotation  Annotation Lakel  Source Location  Mumber of Instances  haximum Instance Time  &wverage Instance Time  Minimum Instance Time  Total Time
Selected Site  compare_files duplo.cppi238 1 85.0414s 85.0414s 85.0414s 85.0414s
Task compare_files_task duplocpp240 191 8.6420s 044525 000045 85.0413s



MopgennpoBaHue npobiem KOpPEKTHOCTU

% Did the annotated tasks expose data sharing problems? ©

Summary -: Survey Report & Annotation Report ECMHECH IR - PR (F Correctness Report

1D
F1

Type Site Mame Sources Modules  State

Parallel site information compare_files duplo.cpp Duplo.exe  « Mot a problem

hdemaory reuse compare_files duplo.cpp; newaopcpp Duplo.exe

e e|e @

hdemary reuse compare_files  duplo.cpp; sourcelinecpp  Duplo.exe

Description  Source Function hodule  State

B duplo.cppl0l process Duploexe ' MNew

g

100 // Reset matrix data

101 memset (m pMatrix, NONE, m*n);

102

103 A/ Compute matrix |
E¥3 Read duplo.cppl20 process Duplo.exe R New

118 int max¥ = MINi(n, m-v);

1149 foriint ==0; =<max¥; =++)1{

120 if (m pMatrix[z+n* (y+x)] == MATCH) {

121 seglen+t+;

122 Voelse




NcnpaBneHne npobnem KOPPEeKTHOCTU

nobanbHyO MaTpuLy coBnaaatowmx CTpok m_pMatrix
Pa3bUTb Ha /IOKANbHbIE ANA KaXXA0U UTepaumm maTpuubl

[106aBuTb cMHXpoHM3auuto nepemeHHomn blocksTotal —
CYMMapHOEe KOJIMYEeCTBO coBnaaatolimx 6/,10KoB CTPOK

CUHXPOHM3NPOBATb BbIBOA CTPOK B pann



[lobaBneHne aHHOTaUUN BNOKMPOBKM

ANNOTATE_SITE_BEGIN( compare_files );

for(int i=0;i<(int)sourceFiles.size () ;i++){
ANNOTATE_ITERATION_TASK(compare_files_task);
outfile << sourceFiles[i]->getFilename () ;
int blocks = 0;
std::stringstream task stream;

for(int j=0;j<(int)sourceFiles.size () ;j++){
if(i > j && 'isSameFilename (sourceFiles[i]->getFilename (), sourceFiles[j]l->gecFilename())) {
blocks+=process (sourceFiles[i], sourceFiles[j], task_stream):

if(block=s > 0){

task stream << " found " << blocks << " block(s)" << std::endl;
} else {

task stream << " nothing found"™ << std::endl:;

ANNOTATE_LOCK_ACQUIRE(0);

blocksTotal+=blocks:

outfile << task_Stream.str[}:
ANNOTATE_LOCK_RELEASE(D);

}
ANNOTATE_SITE_END(compare_files);



MoaenmpoBaHue macwtabmpyemocTu
BHELWIHEro unKkna c 610KMPOBKOU

" What are the performance implications of the annotated sites? ©

Summary - Survey Report & Annotation Report RZEINECHIGET-ENM # Correctness Report

. Target CPU Count:-Threadin Model: | OpenhAP -
Maximum Program J i J o ]

Gain For All Sites: Annotation Label  Source Location  Maximum Site Gain - Maximum Total Gain Awverage Instance Time Total Time
compare_files 5
3.40x
Scalability of Maximum Changes I will make to this site to improve performance
16 Site Gain Type of Change Benefit if Checked Loss if Unchecked Recormmended
[ Reduce Site Overhead Mo
§ [[] Reduce Task Owverhead Mo
g- [[] Reduce Lock Cwverhead Mo
% [ Reduce Lock Contention Mo
% [[] Enable Task Chunking Mo
&
-

2 4 & 1l 22
Target CPU Count

Annotation  Annotation Label  Source Location  MNumber of Instances haximum Instance Time  Awerage Instance Time hMinimum Instance Time Total Time
Selected Site  compare_files duplo.cpp:238 1 85.1633s 8516385 8516385 8516383
Task compare_files_task duplo.cpp:240 191 86719s 0.4459s 0.00075 8516375
Lock & ? 191 = 0.0001s < 0,0001s < 0.0001s 0.0004s



MacwTtabupyemocTb BHYTHEHHETO UWUKANA

= What are the performance implications of the annotated sites? &

® Summary -: Survey Report & Annotation Report R{EIRZIUINE LM * Correctness Report

Maximum Prugram Target CPU Count: |4 | Threading hodel: | OpenkdP ~
Gain For All Sites: Annotation Label  Source Location  Maximum Site Gain - Maximum Total Gain Awerage Instance Time  Total Time
inner loop duplo.cppi244  3.20x 3.01x 0.43565 83.20563
3.01x
Scalability of Maximum Site Changes I will make to this site to improve performance
2y Gain _ Type of Change . Benefit if Checked Loss if Unchecked Recommended
‘Reduce Site Overhead: 0.02% Mo

§ A 5 8 0 Reduce Task Overhead 0.16x Mo
g_ © Reduce Lock Cwverhead Mo
% 247 & Reduce Lock Contention Mo
L;’? Enable Task Chunking 0.16x Mo
)
%.

2 4 8 1l 32
Target CPU Count

Annotation  Annotation Label Source Location  MNumber of Instances  haximum Instance Time  Awverage Instance Time  Minimum Instance Time Total Time
Selected Site inner loop duplocpp:244 191 7.2334s 043565 < 0.0001s 83.2056s
Task inner loop task duplo.cppi246 26,481 238185 0.0023s < (0.0001s 8320263

Lock & 7 18145 0.03%96s < 0.0001s < 0.0001s 0065753




Peannsauyna napannenbHoOro Koga
BHelWHero umkna c nomouwbto OpenMP

#pragma omp parallel for schedule(guided) reduction(+:blocksTotal)
for(int i=0;i<(int)sourceFiles.=size () ri++) {

std: :cout << =zourceFiles[i]->getFilename():

int blocks = 0;

std::stringstream task sStream;

for({int j=0:j<(int)sourceFiles.=size():;j++){
if(i > j && 'isSameFilename (sourceFiles[i]->getFilename (), =sourceFiles[j]->getFilename())){
blocks+=process (sourceFiles[i], sourceFiles[j], task stream);

if(block=s > 0){
task stream << " found " << blocks << " block(s)" << =td::endl:
gel=se {
task stream << " nothing found™ << std::endl:

blocksTotal+=blocks;

omp_set_lock(&omp_lock);
cutfile << task stream.str():

omp_unset_lock(&omp_lock);



AHann3 npobsem NoToKOB € MOMOLLLbIO
Intel® Inspector XE

""'E' Locate Deadlocks and Data Races Intel Inspector XE 2013
" Analysis Type || B Collection Log
Problems ‘T N Filters Sort = o ¥
ID s e, Type SOuUrces Podules State Severity M
=Pl @ Data race Duplo.cpp Duplo.exe R Mew Error 1itern(s)
Data race Duplo.cppdd Duplo.exe  F Mot fixed Type
Data race Duplo.cppdd Duplo.exe  F° Mot fixed Data race 1 item(s)
L= Source
( .. Duplo.cpp liternis)
[OHKa AdHHbIX NPpKW noacyeTe CyMmbl CTpOK-,EI,\/G.HMKaTOB.
Maodul
PewweHue: 610KMPOBKaA UM UCMONB30BaHME NOKaNbHbIX oawe |
Duplo.exe 1itermis)
nepemeHHbIX B Ka*X40M NOTOKe C nocneayrowmm CyMMHUpPOBaHUEM Stat
ate
N o
M ey litermis) =
v
41 [ l1af3 B Code Locations: Datarace & J Timeline "
Description Source Function bodule i i
Fead Duplo.cpp:3? reportSeq  Duplo.exe
el foriint Jj=0;]<count;j++) ||Duplo.exe!reportieq - Du
g7 outFile << piourcel-H |Duplo.exe!process - Dupl
et n_Duplicatelines+t: plo.exe!run - Duplo.cp
59 1
Q0 outFile << std::endl;
Write Duplo.cpp:38 reportseq  Duplo.exe
g6 for(int j=0;j<count;j++) ||Duplo.exe!reportieg - Ia
a7 outFile << p3ourcel-H |Duplo.exe'process - Dupl
tats n plicatelLines++; Dplo.exe!run - Duplo.cp




CpaBHeHMe nocneaoBaTe/IbHOU U NapaniesibHOU
Bepcumn duplo 8 Intel® VTune™ Amplifier XE

™ Hotspots Hotspots by CPU Usage viewpoint {change) @

*% Bottom-up | |¥ Caller/Callee| | ¥ Top-down Tree

Elapsed Time: 28.413s - 89.427s = -61.014s

Total Thread Count: g-1=7 \‘KYCKOPEHME BCero ﬂle’IO)-KEHMFI‘\
Overhead Time: Not changed, Os 8 3,15 pasa Ha 4-agepHoMm

Spin Time: 1125s-0s=1125s npoueccope

CPU Time; 169.360s - 85,3975 = 83.963s 33 CYT pacnapannennsaHms
Paused Time: Mot changed, Os BHELUHEero Uu1Kna

Frame Count: Mot changed, [Unknown] N 7,

CPU Usage Histogram

This histogram represents a breakdown of the Elapsed Time. It visualizes what percentage of the wall time the specific number of CPUs were
running simultaneously. CPU Usage may be higher than the thread concurrency if a thread is executing code on a CPU while it is logically..
95s
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3aKn4YeHue

[MonyyeHne macwtabrupyemoro u KOPPEKTHOro NapannenbHoro
NPUNOXKEHNA TPebyeT SIKCNEPMMEHTOB C PA3/IMYHbIMKU NOAXOAaMMU K
napannenbHocTu. Intel® Advisor XE mogenupyet npupocr
NPOU3BOAUTENIbHOCTU U BO3MOXXHble NPpo6aiembl KOPPEKTHOCTU eLlé
A0 peanusaumnm napannenbHoro Koga

[edeKTbl NCNo/1Ib30BaHUA NAMATU U MHOTONOTOYHOCTM HECTABUIbHDI
U TPYAHO oThaxkusaemol. Intel® Inspector XE nomoraet onpeaenntb
5TV OWMOKM B NOC/IeA0BATENILHOM U NapanaenbHoOM Koae

NHcTpymeHTbl Intel® Parallel Studio XE u Intel® Cluster Studio XE ans
pa3paboTyMKOB NporpammHoro obecrneyeHmsa NO3BONAOT
NPOEKTUPOBaTb Napannennsm bbICTpee U COXPAHATb KOPPEKTHOCTb
Koga Npu nepexoae K napannesbHon Bepcumn



Cnacmbo 3a BHMMmaHuel



Legal Disclaimer & Optimization Notice

INFORMATION IN THIS DOCUMENT IS PROVIDED “AS IS”. NO LICENSE, EXPRESS OR IMPLIED, BY
ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT. INTEL ASSUMES NO LIABILITY WHATSOEVER AND INTEL DISCLAIMS ANY EXPRESS OR
IMPLIED WARRANTY, RELATING TO THIS INFORMATION INCLUDING LIABILITY OR WARRANTIES RELATING
TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT,
COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

Software and workloads used in performance tests may have been optimized for performance only on Intel
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 results
to vary. You should consult other information and performance tests to assist you in fully evaluating your
contemplated purchases, including the performance of that product when combined with other products.

Copyright © , Intel Corporation. All rights reserved. Intel, the Intel logo, Xeon, Core, VTune, and Cilk are trademarks
of Intel Corporation in the U.S. and other countries.

Optimization Notice

Intel’s compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that
are not unique to Intel microprocessors. These optimizations include SSE2, SSE3, and SSSE3 instruction sets and
other 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.

Notice revision #20110804

Copyright© 2012, Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners.



