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[locnepgoBaTenbHble NPUNOXKEHUA




Intel® Advisor — MoaepHu3npyuTe Ball Koz,
BekTopu3saumna n npoToTMNMpoBaHUE MHOTOMOTOYHOCTH
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Processor:  X5472 X5570 X5680 E5-2600 E5-2600 v2 E5-2600 v3 E5-2600 v4
codenamed: Harpertown Nehalem Westmere Sandy Bridge Ivy Bridge Haswell Broadwell

MpoussoAUTENbHOCTb YBE/IMYUBAETCA C KaXKAblM HOBbIM NOKONIEHUEM Xene3a

BekTopusymte u
pacnapannennsamte
AN MAKCMMaA/IbHOWM
NPOM3BOAMUTENBHOCTH
NPUNOXEHUN Ha
COBPEMEHHbIX
npoLeccopax

Mony4ante nHpopmaumio
0 yncne ntepauun,
3aBUCUMOCTAX MO
AAHHbIM, 0COBEHHOCTAX
A0CTyNa K NamaATn

Cnepynte npoctomy
pabouyemy npoueccy
ONTUMM3ALUK C
nogcKa3kamm gns
nony4yeHusa bonee
HbIcTpOro Koaa

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. For more information go to

http://www.intel.com/performance Configurations at the end of this presentation.
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BeKkTopHble onepauuun (SIMD)

for(i = 0; i <= MAX; i++)
c[i] = a[i] + b[i];
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Intel® Advanced Vector Extensions

(Intel® AVX)

Intel®

avx | -

8x floats

4x doubles

Vector length
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32x bytes

16x 16-bit shorts
8x 32-bit integers
4x 64-bit integers

2x 128-bit(!) integer



Ncnonb3ynte Becb Napannesinim

Intel Advisor XE: Threading Vectorization




BEKTOpVI3aLI,MFI U MHOTOMOTOYHOCTb KPUTUYHaA AN1A4 COBPEMEHHDbIX

BbIYNC/TUTE/IbHbBIX CUCTEM
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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. For more information go to

http://www.intel.com/performance

Configurations at the end of this presentation.
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ABTOMaTUYECKON BEKTOPM3aL MM YaCTO

HeoCTaTOUYHO

* KoMnunaaTop He BCeraa MOXeT BEeKTOPM30BaTh Balll
Koz

* [lpoBepbTe Ha/INYKE LUKNOBbIX 3aBUCMMOCTEMN
ncnonb3ysa Intel® Advisor

e Bce noHATHO? BeKTOpU3ynUTE NPUHYAUTENBLHO.
C++: pragma simd,

Fortran use: SIMD directive

* He BcAKaA BeKTopu3lauma ogmHakoBo 3¢ PeKTnBHA

* nocnenoBaTeNbHbIM AOCTYN 3dPEKTUBHEE YEM
aocTtyn ¢ warom. AHanmsumpymTe ¢ Intel® Advisor.

* PaccmoTpuTe BO3MOXKHOCTb USMEHEHUA CTPYKTYPbI
AaHHbIX. Intel® SIMD Data Layout Templates moryT
MOMOYb

BeHuMapKn Ha npeablayLumx
cnaiiaax 6bl1M YCKOPEHbI He TONbKO
3a CYeT aBTOBEKTOpM3aLUuUK. Bbian
MCMNO/1Ib30BaHbl AMPEKTUBBI ANA
NPUHYAUTENBHON BEKTOPU3ALMN U
T.M.

MaccumBbl CTPYKTYpP YyA006HbI anA
WHTYUTUBHOM OpPraHn3aLmmn AaHHbIX,
HO 3HauuTenbHo bonee
3pdeKTUBHOM ANA BEKTOPM3ALUN
ABNAETCA OPraHM3auUmMA SAHHbIX Kak
CTPYKTYpa MacCUBOB.
Ncnonb3osaHue Intel® SIMD Data
Layout Templates (Intel® SDLT)
NO3BO/IAET MAaNnnNMpPOBaTh AaHHbIE B
6onee apPeKTUBHbIE CTPYKTYpPbI ANA
BEKTOPU3aLUMN.



https://software.intel.com/en-us/intel-advisor-xe
https://software.intel.com/en-us/intel-advisor-xe
https://software.intel.com/en-us/code-samples/intel-compiler/intel-compiler-features/intel-sdlt
https://software.intel.com/en-us/code-samples/intel-compiler/intel-compiler-features/intel-sdlt

BbicTpbIN KOA, 6bicTpee ¢ AU3aUHOM
ynpasasembim AaHHbIMU

Intel® Advisor — BeKTOpM3aumuAa M NPOTOTUNUPOBAHME MHOIMONOTOYHOCTHU

* HaunadpdekTnBHeNWAA Napannenmsaums:

* BekTopu3yem Tam, rae 3T0 NPUHOCUT
HanbonbLyo BbIroay

* bBbicTpoe onpeaeneHne BAOKMPYOLWLMX
npobnem

* [opackasku ans apdeKTUBHON BEKTOPU3ALUK
* besonacHasa BeKTopu3auus
*  OnTMmM3aumMa gocTyna K NamaTu

* [lpopbiB AN MHOFOMNOTOYHOIO AM3aiHa:

* bBbicTpoe npoToTUNUpPOBaHUE

* MacwtabupoBaHue NpoekTa Ha HonbLINX
cucTemax

* [MouCK OWMBOK CUHXPOHU3ALMUN A0
MMMNIEMEHTALUM MHOTOMOTOYHOCTH

* [poeKkTupoBaHue 6e3 yToMmuTeIbHOM
pa3paboTku

[o6asnaitTe napannennsm ¢ HAUMEHbLUMMU YCUTUAMU U PUCKOM U

Haubonblien oTaauen

New! ocime e [ - ]

INTEL ADVISOR 2017

FILTER: | Al Modules ~|[ AllSources ~|[ Loops ~|[ AllThreads ~|

&P summary | A Survey Report | GF Refinement Reports

Vector FLOPS Why Mo Vectorized Loops "
Self Timew Type .
Issues GFLOPS | Al Vectorization?| vector...| Efficiency | Gain...

+| [=] Function Call Sites and Loops

(a]| &

n 52101 at loopsd0.£:1749] @ 2 Ineffi s
n 5126 at loops90£:447] @ 2Prov.., 0997 (B Scal 03971 01667 B
 [loop in 5343 at loops90.£:2300] §2A 0.675s (BB Scal B vector de...
=/ [loop in 5141_SompSparallel for... @ 2 Assu... 0.824s Scalar 00611 00833 & vector de..
# [loopin 5353 atloops90£:2381] | [] | @ 1Possi. 0719 @ Vectorized (.. | 27710 0.1250 VK2 278
#(3 [loop in s232_SompSparallel_for... @ 3Prov... 0,693 E ScalarVersions 02881 02220 & 1vectord.. v
< >

Scalability of Maximum Site Gain

Loop lterations (Tasks) Modeling

1287 Avg. Number of Iterations  Avg. Iteration (Task)
ik~ T 4 [Tasks): Duration:
Ta03 < 000015

] - 0,008 0,008
? 16| & 7 0.040% 0.040%
g v 0 0.200: 0,200
3 7 1 Q4 | xraon | 2x¢= 000015
% 4 o Q 5x S
A T & 25 25
Bl 125% 125

[ e = - S R R B
R -]
== W

™

Target CPU Count

Part of Intel® Parallel Studio
http://intel.ly/advisor-xe
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Caenan bbicTpbin Koa bbicTpee! Intel® Advisor

MpoToTMNMPOBAaHNE MHOTOMNOTOYHOCTM

e Cnyvyanocb My Bac, 4To:

* Mapannenusaums NPUNOKEHUA JAET CKPOMHbIN 3PPEKT?
*  [Jocturnmn «bapbepa macwtabupyemoctmn»?
*  OTNOXWUAN penuns ns-3a oWmMHOK CUHXPOHM3aALMUN?

* Mapannenusaums ynpabBaseman AaHHbIMU:

* bBbicTpoe NnpoToTUNMPOBaHNE

* MacwTabuposaHue NpoeKTa Ha 6ONbLINX CUCTEMAX

* TOMCK OWMNBOK CMHXPOHM3ALUN A0 UMMNEMEHTALMMU MHOTOMOTOYHOCTH
* lpoekTMpoBaHue 6e3 yToMmUTeNnbHOM pa3paboTKu

[o6asnaitTe napannennsm c HAUMEHbLUMMU YCUTUAMU U PUCKOM U
Haunbonbluen oTaauen

Scalability of Maximum Site Gain
128

fidx—

o

LIEE) 335 LUNLUIXER |

Target CPU Count

“Intel® Advisor has allowed us to quickly
prototype ideas for parallelism, saving

developer time and effort”

Simon Hammond
Senior Technical Staff
Sandia National Laboratories

http://intel.ly/advisor-xe

11


http://intel.ly/advisor-xe

CnpoeKkTUpymn n 3atem peanusym

Intel® Advisor npoTtoTunuposaHMe MHOrONOTOYHOCTU

1. Survey Target
o add efficient
n and/or threading.

(3] o]

Command Line

1.1 Find Trip Counts

1) AHanm3Mpyﬁ/ Find nany iter s are executed.
2) MpoeKTupy J -

(KomnunsaTop and their
UrHopupyert
aHHOTauMu.)

3) Hactpown.

4) MMposepb.

BHegpan napannennsm 5) Caenaii



8 Summary of predicted parallel behavior D

? Summary

[1o6aBb NnapannenbHylo peannsaumio

- Survey Report & Annotation Report

@ Maximum program gain”: 5.20x (8 CPUs, Intel TBB Threading Model)

These annotated parallel sites were detected:

Intel Advisor XE 2015

| Suitability Report #° Correctness Report

* CNMUCOK No3nummn B Koae
e lllabnoHbl ans

Parallel Site Maximum Site Gain® Correctness Problems n O rl yn H p H le M eTOIDIO B

@240

solve (nqueens annotated.cppd13 6.51x

Consider adding parallel site and task annotations around these time-consuming loops found during Survey an
Loop Source Location CPU Total Time?

O setQueen ngueens annotated.cpp:96 1.8252s

solve nqueens annotated.cpp:d17 1.8252=
setQueen nqueens annctated.cpp:69 0.1976s
(O setQueen nqueens annctated.cpp:69 0.1877s
(O setQueen nqueens annctated.cpp:69 013465

Intel® Advisor

ConepnT OCHOBHblE METPUKN ANA
nonynApHbIX NapannenbHbIX peanm3au,w71

bbicTpoe NpoToTMNMPOBAHUE U OLLeHKa
a/IbTEPHATUB

JeTanbHble NOACKa3KM ANA NONYAPHbIX
MHOIFOMNOTOYHbIX peanm3au,m71

peanunsaumnm
MHOTrONOTOYHOCTH

Serial Code with Intel Advisor Annotations |Parallel Code using Intel TBB Threading Model:

// Locking can use various mutex types provided
// by Intel TBE. For example: Intel TBE -
#include <tbb/tbb.h>
- Other

::imutex g Mutex;

. = Intel TBB
Intel Cilk Plus

thb: imutex: :scoped lock lock(g Mutex):

Body () 7 OPE”MP
Microsoft TPL

1 Counted loops, one task // Do-21l Counted loops, using lambda
ANNOTA GIN (site); // expressions
I <N ++) { #include <tbb/tbb.h>
ANHO ION_TASK(task): ..
_for(0,N, [&] (int I

// Create Multiple tasks, using lambda
// expressions
#include <tbb/tbb.h>

13



Vectorization Advisor

Intel® Advisor — BekTopu3auusa n npoToTMNMpPoBaHME MHOFOMOTOYHOCTH

* HaunadpdekTnBHenwasa napannenmsaums: e JlaHHblE N HEOBX0AMManA NOMOLLb:

e BekTOopulyem Tam, rae sto e [lnarHoCTMKa Komnunastopa +
NPMHOCUT HanbOobLLIYIO BbiroAy JaHHble O NPOM3BOAUTE/IBHOCTU +

* bbicTpoe onpeaeneHue SIMD 3¢ ¢peKTMBHOCTb
6nokunpytowmx npobnem * Onpepenntb npobnembl u

* [loackasku ana spPeKTUBHOM PEKOMEHA0BATb UX peLleHnn
BEKTOpPU3aLUUU * AHaNM3 UMKNOBbIX 3aBUCUMOCTEN

e be3onacHas BeKTopm3aums e AHanM3 MeToaoB A0CTyNna K

e OnTMMmmM3aumna AoCTyna K NnamaTu NamaTu

Elapsed time: 37.205 [ VECIONECH) [RLBMBRVERIONERS | - | FILTER: | AllModules || AllSources ~|[ Loops || AllThreads | [oFr Il e

,Summary x Survey Report % Refinement Reports INT[I. HUWSUH 2[]” OI'ITMMM33LI,MF|

. . Vector ) Total FLOPS Why No Vectorized Loops Trip 2 _
[=] Function Call Sites and Loops [] lssues Self Timev Time | Type GFLOPS |AI Vectorization? ‘u"ector...| Eficiency | p— | P AnA AVX 512 C
513 [loop in 5343 at loops90.£:2300] § 1Assu.. 0.875 (50 0.875s1 Scalar @ vector de... n 6e3 A0CTyna K
210 [loop in s141_SompSparallel_for@369 ... § 1 Assu.. 0.824s [N 0.824s1  Scalar 0.0611 0.0833 @ vector de... i 500

0.719s |Vectorized ... . - AVX'5 1 2

@ [loop in 5353 at loops00.£:2381]

[E2]] [loop in s232_SompSparallel_for@935 ... @ 2 Prove.. 0.693: 0D 0.693s1 Scalar Versio... 0.2831 02220 & 1vectord... 248 3 wenes

40 [loop in 5222 at loops90.£:907] @ 2 Prove..| 0.672s B 0.672s1 Scalar 1.775) 0.3000 & vector de... 999 7 y

410 [loop in 5352 at loops90.f:2356] [ | @2Possib.| 0.656s @ 0.656s1 Scalar 3.04280 0.2500 & vectorizat... 200

[loop in s114_SompSparallel_for@211 .., [ @ 2neffe.. 0.632s @ 0.632s1 Vectorized (... 0.1361 0.0769 AVX 24% 194x 8 62: 3 v

< = > http://intel.ly/advisor-xe

Part of Intel® Parallel Studio XE
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I'Ipanmbele AdHHblE HAa KOHYMNKaX BalUUX

naabues

Monyuynte BCto MHOPMaLUO Heobxoanmyro ana spPeKTUBHOM BEKTOPM3aL MK

bTP AJ1A O =10 O PEellA S
BC OpP OBd » OB epada BE OpP d
O o O d/fo cding para d 0 0
x Sursey Re
| Elapsed time: 54,445 | | Wectorize | Mot Wectorized | FILTER: | &1l Modules V| Sources V|
Trip Vectotized Loops "
Function Call Sites and Loops & | @ Vectorlssues Self Tirmew | Total Time C Loop Type Wy Mo Vectarization? T
aunts Vecto...| Efficiency |Vect0rL..
15O [loop at stl_algo.hd 740 in stdute.. [] 0170:1 0.170:1 Sralar B non-vectarizable loap ins...
=0 [loop atfoopstl.cpp:2449 in 5234 ¥ 2 Ineffective peeledfrem., 01705 017051 124 Collapse Collapse B 4
1[0 [loof| at loopstl.cpp:284Qin 5., [] 015051 013051 12 Wectorized (Body) A 4
3O [lod] at loopstl.cpp:24d9in s .. [] 0.020s1 002051 4 Rernainder
loopstlepp:7900inwas_] [ 017051 0170s1 500 Scalar B vectorization possible but... 4
loopstl.cpp:3509 in 52 ... ‘¢ 1High vector register ... 0.160s | 0.160s1 12 Expand Expand
loopstlcpp:3897 in 5279 ] @ 2 Imeffective peeledfrern .. 015051 015051 125; 4 Expand Expand
loopstlcppi6249in 5414 ] 015051 0.150:1 12 Expand Expand
stl_numeric.hi247 in std ... 015051 0150s1 49 Scalar B vector dependence preve

®oKyc Ha

ropaYmnx

@ 1Assumed dependency ..,

Umetowmecs

BEKTOPM3ALMOHHbIE
npobiemsl.

V|CI'IOI1b3Y€MbIe BEKTOpPHbIE

NHCTPYKLUM.

Cpoenait 6bicTpbIv Kopg, bbicTpee!

3¢pPeKTMBHOCTb
Koaa.



Cpenau bbicTpbin Koa, bbicTpee! Intel® Advisor

BeKTopusauyua

. CI’IyHaJ'IOCb Yy Bac, YToO:

MNepekomnununposanm ana AVX2 ¢
MaNEHbKUM y/y4lleHneEM?

* He noHWMMmanu rae BEKTOPM30BaTh?

* [lepenuncbiBain UHTPUHCUKM OANA HOBbIX
APXUTEKTYP?

*  My4anucb C KOMMUNATOPHbIMU oT4yeTamm?

New!

. BeKTOpVI3aLI,MFI ynpasnaemasa JaHHbIMU:

= d 0 O
x Survey Report

| Elapsed time: 54,445 | | Wectorized | ‘ Mot Vectorized | FILTER: &1l Modules ¥ | Al Sources & o

i Wectotized Loops L]
Function Call Sites and Loop & | T Vectorlssues Tswrsrtfev iﬁ:e‘ Erolints Loop Type | Wéhy No Yectarization? Verto .| Efficency
0 [loop at stl_algo.h:d7A0i0.. O 0170s1 | 017051 Scalar B non-vectorizable | ...
EI] [laop at loopstl.cpp:2449.., ¢ 2 Ineffective peeled., 017051 | 0.170s1 124  Collapse  Collapse A%

[ [loop at loopstl.cppi2.. [ 0150s1 015051 12 ‘Wertorized (B A
120 [loop at loopstl.cppi2.. [ 0020s1  Q.020s1 4 Rermainder

350 [loop at loopstl.cpp: 7900, [ 0170s1 | 0170:1 500 Scalar B vectorization possi...
[loop at loopstl.cpp:35... ‘¢' 1 High vector regi... 0.160s| 0.160s| 12 Expand Expand AVX E@% b4

>(

YTO BEKTOPM30BATL B NepByto ouyepeab?
YTO M Nnoyemy mellaeT BeKTopusaumnm?
Mou UMKNbI BEKTOPMU30BAIUCh YCNELIHO?

MOXHO peopraHn3oBaTb AaHHble ANnA
yAy4ylleHUsa NPOM3BOAUTENbHOCTM ?

Be3sonacHo nn ncnonb3oBaHue nparmol simd?

"Intel® Advisor’s Vectorization Advisor permitted
me to focus my work where it really mattered.

When you have only a limited amount of time to
spend on optimization, it is invaluable."

Gilles Civario
Senior Software Architect
Irish Centre for High-End Computing

16



5 waros K 3¢ PpeKTUBHOU BEKTOPU3ALLUM - Vector Advisor

1. ilnarHocTMKa KomnuaaTopa + [laHHble 0
npoussoguTenbHocTn + UHdopmaums 06 apdpekTuBHOCTH

BeKTopusauum
Compiler Vectarization
Function Call Sites and Loopsa .Sre\f Pta\ [ )
Lricy e Loop Type Why Mo Vectorization?
[ {loop in runCForallLambdaloops] 00945 10,0345 Scalar wector dependence prevents vector .,

Scalar inner loap was already vectorized

[Vectorized (Bods) |

[{loop in runCForallLambdaloops] 01405 37445
BV [loop in stdz: Complex_base<double,struct € double complex»zi...
Vectorized 33E; 35EZ loop processing Float3Z; Floatfd data typ
Peeled loop; loop stwts were reordered

[{loop in stdzbasic_string< char,struct std::char traits <char> class stdzallo...  0.0005 3
Tiip Courts

2. PykoBoacTBO: onpegenutb npobnemol u aatb
peKkomMeHZauum ana NX ucnpasneHus

As VA |ssue: Peeled/Remainder loop(s) present
@ All or some source loop iterations are not executing in the kernel loop. Improve performance by moving
8 source loop iterations from peeled/remainder loops to the kernel loop. Read more at Vector Essentials,
Utilizing Full Vectors...
>) Recommendation: Align memory access
Projected maximum performance gain: High
Projection confidence: Medium

se one of the memory accesses in the source loop does not
ry access and tell the compiler your memory access is aligned.
byte boundary:

[C] SIZE*sizeof(float), 32);

[ {loop in stdsbasic_string<char, struct stdkichar_traits <chary,class stdvalla., - 0.0005 3 Tetai Time.

Medizn o | Min | Max

Beration Duration | Call Count

[{loop in stdznurm_put<charclass stdtostreambuf iterator<char struct st 0,005 — 1 1 T I
n:wm 1 T 1 ;nm_‘ 406000
001051 i1 1 2 <0,0001s 2756
001051 i2 1 5 < 00001 173619
000sl i3 1 5 <00001s 121515
4. AHanus LUUKNOBbIX 3aBUCUMOCTEN 5. AHanms TMna A0CTyna K NnamATu
SteName  SiteFunction  Sitelnfo Loop-Carried Dependencies  Strides Distribution Access Pattem
robl 1 loop_site 203 runCRawLoops runCRawLoops.cocl063 @ RAW:L No information available No information available
) loop_site 139 runCRawLoops runCRawLoops.coc622  No information available [N395636% / 29 Mixed strides
0 % Type Site Name  Sources Modules  State loop_site 160 runCRawLoops runCRawLoops.c0cd25  No information available 100%/0%/0%  All unit strides
P1 @  Parallel site information site2 dgtest2.cpp dgtest2 + Not a problem . o
©  Read after wite dependency site2 dqtest2 dqes2 RN i
P2 ead aflerwiite dependency st atest.cpp gtas e D @ Stidev Type Source Modules  Alignment
P3 @ Read after write dependency site2 datest2.cpp ditest2 Re New =p2 @ 001 Unit stride runCRawLoops.coc37 Icals.exe
i*a a " a #a9 N €35 32= (326 684-1) ;
Wiite after write dependency | site2 |dqtesf2 cpp New L o it
PS5 @ \Wiite after write dependency site2 dgtest2.cpp dgtest2 Pe New 637 PILpI[1] 4= 2([32+32);
i § 638 12 += e[12+32);
P& @ Wiite after read dependency site2 dgtest2.cpp dotest2 Re New 633 32 := £(32432];
P7 @ ‘Wiite atter read dependency site2 dtest2.cpp; idle.h dgtest2 R New ©p3 @ 00 Unit stride runCRawLoops.0oc638 Icals.exe
©P30 @  -1575;-63; -26; -25; -1; 0;1; 25; 26; 63; 2164801 Variable stride runCRawLoops.coc628  Icals.exe
| 626 il &= 64-1;
627 31 &= 64-1;
le2s PIip](2] += b[31][41];




JlononHUTEeNnbHbIE MatTepunalibl

* Intel® Advisor:

e CTpaHuua npoaykTa — 0630pbl, HOBUHKMW, BONPOCHI, NOAAEPKKA ...

* TpeHWHIN — PUAbMbI, TEXHUYECKME 0630pbl, AOKYMEHTALUA...

* PyKOBOACTBA — LAl 33 LWAarom yepes TeEPHUM K 3Be34aM
* 0630pbl

* lpyrme MHCTPYMeHTbl AN1A aHaAu3a:

* Intel® VTune Amplifier — npo¢puanpoBLLNK NPON3BOANTENBHOCTH

* Intel® Inspector — ncchegosartesib NOTOKOB M NamMmATU / oThaAumK

e lpyrne npoayKTbl ANs Pa3paboTynKoB:

* |Intel® Software Development Products

18


https://software.intel.com/en-us/intel-vtune-amplifier-xe
https://software.intel.com/en-us/intel-advisor-xe-support/training
http://software.intel.com/en-us/evaluation-guides/
https://software.intel.com/en-us/intel-advisor-xe/reviews
https://software.intel.com/en-us/intel-vtune-amplifier-xe
http://software.intel.com/en-us/intel-inspector-xe
http://software.intel.com/en-us/intel-sdp-home/
http://software.intel.com/en-us/intel-inspector-xe
http://software.intel.com/en-us/intel-sdp-home/

ROOfI i n e MO.D'en b : YT1o orpaHuumBaer I1p0M3BOpMTEJ1bHOCTb?

- VPU/EPU WAU NaMATb?
§ = Peak FP
¥ k floating-point performance .
lz m“"‘W :
PP B C %
£zl 2% ~
' 5] i o
1 EEI '§E| _Q
8¢ &8, LT-q
172 y t U
1/4 1/2 1 2 4 8 16
Dperational Intensity (Flops/Byte)
Y10 genaet umknbl
A, B, C pa3nnyHbimun?

Flop /byte



Roofline Moaenb
BU3Ya/IbHO MHTYUTUBHAA MOAenNb

NpPonN3BoANTENIbHOCTU

bepeT B pacuer

- Wcnonb3oBaHue/cnpoc namaTu

-  CPU ucnonbsoBaHue

YyacTteByloT B

dHaAn3e npom3soanNTeENbHOCTHU

moaennpoBaHMU NPoOCTpPpaHCTBa COBMECTHO

Al = # FLOPs / # BYTE:

7

0.1-1.0 flops per byte

Typically < 2 flops per byte
A

0(10) lops per byte
A

Sphy
BLAS1,2
Stencils (PDEs)

Lattice Boltzmann

FFTs,
Spectral Methods

Methods Y

Particle
Methods
Dense
Linear Algebra
(BLAS3)

Y
o(1)

Y
O(log(N))

Y
O(N)
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Advisor Roofline: noa Kanotom

MpodunmnpoBaHme NPUNOKEHUA:

Axis Y: FLOP/S = #FLOP / #Seconds

Axis X: Al = #FLOP / #Bytes
Seconds
CamnanpoBaHKWe YpOBHs _

Performance (GFLOPS)
nonb3oBaTena 1000 MMKpOGeH‘-IMaPKM:

SF Vector FMA Peak: 448.82 Gﬂ,gh
Root access not needed CE eior FMA Pask: 221 23 GFLO MakcnmanbHas

_SP Vector Add Pest 110.6 GFLOPS NPOU3BOANTENILHOCTb ANA
DP Vertge#@3 Pesk: 56.21 GFLOPS

TeKyLLen apXMTEKTYpbl
Ala. £dd Pesk: 14.05 GFLOPS

100

Performance = F

>

#FLOP

BUHapHaAa MHCTpymeHTauua
He 3aBucut ot cyetymkos CPU

1

BUHapHaA UHCTPYMEHTaLUA
CuuTaet pasamep onepaHAoB (He K3LWANHUK)
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UHTepnpeTtauuna aaHHbIX Roofline

dHad/J/1n3a4d.

Pa3paboTtKa cTrpaternmn
onTUMM3auumn

A
& Compute bound
9
- & A
Y C
& &
£ >
S o(‘\ O2paHuYveHa ebl4ucaeHUAMU
8 S/ A A
£ @"’ PaspaboTatb bonee
g b‘o‘\ sdpdeKkTmnsHble CPU/VPU (SIMD)
;o
2| & onTUMM3aLMK
O2paHuvYeHa Namamoto
Pa3paboTath CTpaTeruio >
6onee apdekTMBHOrO ensity, FLOP/byte
MCMNO/Ib30BaHWUA NaMATH

Performance (GFlops/sec)

441802+1 -

302082 -

0.0027
Seff Time: 0.346s  Total Time: 0.346 s

Source | TopDown  Loop Analytics  Loop Assembly

¥

T
07836
Arthmetic Irtenstty (Fops/byte)

@ Compiler Di: tic Details

Line

Source

Total Time| % |LoopTime| % | Traits |*

h200
B201
202

for (i__ =2; i <=i_2; +H_)

{

ali_] =aafi_ +3*

22 _diml]

- ali

- 11

0,054s 10,3465

0,151s |
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[lononHuTtenbHble CCbIIKU

Roofline model proposed by Williams, Waterman, Patterson:
http://www.eecs.berkeley.edu/~waterman/papers/roofline.pdf

“Cache-aware Roofline model: Upgrading the loft” (llic, Pratas, Sousa, INESC-ID/IST, Thec Uni of
Lisbon) http://www.inesc-id.pt/ficheiros/publicacoes/9068.pdf

At Intel:
Roman Belenov, Zakhar Matveev, Julia Fedorova
SSG product teams, Hugh Caffey,
in collaboration with Philippe Thierry
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