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ACitius , Altius , Fortius ! 0

Intels
C CFrg
Fortran
Intel® C++ Intel ®F ortran Compiler Compilers
Floating Point Integer
1,46 0,99
2 0,78 | 285 NG
1 S 1 1 S 1 < o
* Te} * Lo ™ A (o)}
it A o it A Q IS = <
o i % o i 1 AN =
T ] = O O © (=}
Cm = (®) CSm = O 5 c T s
S £ o S £ O e -2 8— 8 '
Windows Linux Windows Linux Linux
Estimated SPECfpbase2006 Estimated SPECIint®_base2006

Relative geomean performance, SPEC* benchmalkgheris better

Configuration Hardware: HP ProLiant DL360p Gen8 with Intel® Xeon® CRRBBEVv2 @ 2.80GHz, 256 GB RAM, HyperThreading is on.
Software: Intel C++ comgller 15.0, Microsoft Visual C++ 2013, GCC 4.9.0. Linux OS: Red Hat Enterprise Linux Server refe¢Banéiago),
kernel 2.6.32431.el6.x86_64. Windows OS: Windows 7 Enterprise, Service pack 1. SPEC* Benchmark {pec.org).

Relative geomeanperformance, Polyhedrof benchmarldlower is better

Configuration: H a-A7T70KLPLL@ 3.50@Hz,e«lyu§rThG>admm£0ff,i1GGB RAM. . Software: Intel Fortran empilo,
Absoft*14.0.3,. PGI Fortran* 14.7, Open64*, gFortran* 4.9.0. Linux OS: Red Hat Enterprise Linux Server release 6.4 (Sapl el 2.6.32

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance gg%;ll(sel'xg\?vﬁgﬁegvxlgggglsn?eszl _%vsqug;vgg mgttﬁgjfg?ésstea’;ﬁ Pnﬁgﬁ:%lzggrd; 3“??&?@;’1?&%8‘0 6"6 6’_ I {5&'5}8%’%” conl'lr;zcijlgvafgst
tests, such as SySmark and MobileMark, are measured using specific computer systems, components, software, operations.etidrsin Any IQparallel /link /stack:64000000. PGI Fortranfastsse -Munroll=n:4-Mipa=fast,inline-Mconcur=numa. Linux compiler swites: Absoft-m64
change to any of those factors may cause the results to vary.” You should consult other information and performance testaseist you in -mavx -05-speed math=10-march=coreaINTEGER. GfortrarOfast-mfpmath=sse-fito -march=native-funroll-loops-ftree -paraildize-

f“”é’ evaluating your contemplated purchases, including the’ performance of that product when combined with other productsOther brands loops=4. Intel Fortran compilerfast dparallel. PGI Fortranfast -Mipa=fast,inline-Msmartalloc-Mfprelaxed -Mstack_arrays-Mconcur=bind.

and names are the property of their respective owners.  Benchmark Source: Ir@eirporation Open64:-march=bdverl-mavx -mnofmad -Ofast-mso3po. ' —

OptimizationNotice. | nt el 6s compilers may or m a(}/ -|nmzlanicrolgjqxessormfnrz e t o tsdivre andwBkiadsidnpeidmante Qedts m&Y Ralke been optimized for performance only on Intel microprocessors. Performance
optimizations that are not unique to Intel microprocessors. These optimizations include SSE2, SSE3, and SSSE3 tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software, operations efiorfsin Any
instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any change to any of those factors may cause the resullts to vary. You should consult other information and performance testassist you in
optimization on ml@roProcessors not manufactured by Intel. Microprocesstependent optimizations in this product are fully evaluating mur contemplfatﬁ purchases, including !Ige peﬁformkagce of t_hlerl‘tngroduct when combined with other productsOther brands
intended for use with Intel microprocessors. Certain optimizations not sgeu ic to Intel microarchitecture are reserved for and names are the property of their respective owners. Benchmark Source: Ir@eirporation

Intel microprocessors. Please refer to the appllcable,\{)roduct User and Reference Guides for more information regarding

ropr A ] ( 0 S OptimizationNotice:. | nt el 6s compi |l er s ma r ma y -Intelanicro essorsiforz e t o t he
the specific instruction sets covered by this notice. Notice revision #20110804 . prﬁimizmions that are not unique to Intel microprgcessors. These opu)r/nization_s includé SSE2, SSIg:]’f,’gmd SSSE3

instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any

optimization on m|¢roi)rocessors not manufactured by Intel. Microprocesstependent optimizations in this product are

intended for use with Intel microprocessors. Certain optimizations not sgeu ic to Intel microarchitecture are reserved for

Intel microprocessors. Please refer to the_applipable’\Peruct User and Reference Guides for more information regarding

the specific instruction sets covered by this notice. Notice revision #20110804 .
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for (I=0;i<= MAX;I ++)
c[i]=ali]+bl[i];

SO 5] o) B i) laliva] afi+2) aji+1] A
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Fortran
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ARCdsted it isdd gdi d dv lsst 0 dq
Csficcldelj d

for (int x = x0; x < x1; ++x) {

float div = coef[0] * A_curX]
+ coef[1] * ((A_cufx + 1] + A_cuix - 1])
+ (A_cufx + Nx] + A_cufx - Nx])
+ (A_cufx + Nxy] + A_cufx - Nxy]))
+ coef[2] * ((A_cufx + 2] + A_cuix - 2])
+ (A_cufx + sx2] + A_culx - sx2])
+ (A_cufx + sxy2] + A_cufx - sxy2]))
+ coef[3] * ((A_cufx + 3] + A_cuix - 3])
+ (A_cufx + sx3] + A_cuix - sx3])
+ (A_cufx + sxy3] + A_cufx - sxy3]))
+ coef[4] * ((A_cufx + 4] + A_cuix - 4])
+ (A_cufx + sx4] + A_cuix - sx4])
+ (A_cufx + sxy4] + A_cufx - sxy4]));

A _next[x] =2 * A_culx] - A_next[x] + vsq[s+X] * div;

}
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Al fjEmdpstesYGOC fd BOd dzow Cteg

Fortran

U cts q L & SH Cf ISB l&Squm/X]de)h O] Compilers

, RTMStencil
ARcdstd izt tsdd Gy d dzv Iststc O i3d
Cfistelsdtelzj o3

#pragmasimdvectorlength(8)
for (int x = x0; x < x1; ++x) {
float div = coef[0] * A_curX]

+ coef[1] * ((A_cufx + 1] + A_cuix - 1])
+ (A_cuix + Nx] + A_cuix - Nx])
+ (A_cufx + Nxy] + A_cufx - Nxy]))
+coef[2] * ((A_cufx + 2] + A_cuifx - 2]) Serial SSE 4.2 AVX2
I gﬁ:ﬁﬂgi I zii]szkigg)&x -S)S(iil)Z])) Normalized performance dat# higher is better

VIS st ded
ORrR NWMOGO N

Configuration: Intel® Xeon® CPUIE30 v3 @ 3.50 GHz system (4 cores with HypeFhreading On), running at 3.50GHz, with 32.0GBAM, L1 Cache 256KB, L2 Cache 1.0MB,
+ Coef[S] * ((A cu r[X + 3] + A cu I[X - 3]) L3 Cache 8.0MB, 6&it Windows* Server 2012 R2 Datacenter. Compiler options:, SSE4@3 aQipo 3QxSSE4.20r AVX2:-03 8QipodQxCORBVX2. For more information
- - go to hitp:/iwww.intel.com/performance
+ (A_cuilx + sx3] + A_cullX - sx3]) Sotvare and oroads e prtormanc s may ha ben opinzd ot prormarc aly on il mkroprocesor. P such a5 Srmaand
MobileMark are measured using specific computer systems, components, software, operations and functions. Any change to any of tuser§ may cause the resuls to
+ (A CL”[X + SXy3] + A Cu[[x - Sxyg])) vary. You should consult other information and performance tests to assist you in fully evaluating your the of that product
— — when combined with other products. * Other brands and names are the property of their respective owners. Benchmark Sountei Corporation
*
+ COEf[4] ((A_CUI{X + 4] + A_CUT[X - 4]) OptimizatonNot i ce: I ntel s compilers may or -ntelmicropmtessorpfar optimizatiens that are fomique mme  d e ¢
Intel microprocessors. These optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intebidgearantee the
+ (A Cu r[X + SX4] + A Cu r[X - SX4]) availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocesdependent optimizations in
- — this product are intended for use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture eserved for Intel
+ (A Cu r[x + Sxy4] + A Cu I[X - Sxy4])) . microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the spiestfiaction sets covered by
—_— p— ’ this notice. Notice revision #20110804 .

A _next[x] =2 * A_culx] - A_next[x] + vsq[s+X] * div;

=2 1
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zZ=27%*z+C;count++;
return count;

}

éeé é. éé.

for (int32_tx=0; x <
real_factor )+ ( c_im *1.0iF);

}
}

typedef  float complex fcomplex ;
const uint32_t max_iter = 3000 ;
uint32_t mandel ( fcomplex ¢, uint32_t max_iter )
{
uint32_t count = 1, fcomplex z=c;
while ((  cabsf (z) < 2.0f) && (count < max_iter )){

uint32_t count[ ImageWidth ][ ImageHeight ];
for (int32_ty =0;y < ImageHeight ; ++y) {
float c_im = max_imag - y* imag_factor
fcomplex in_vals_tmp =( min_real +x*

countly][x] = mandel (in_vals_tmp

)

ImageWidth ; ++x) {

, max_iter );

Intelis
C. CF+ &
Fortran

Compilers

12



http://software.intel.com/en-us/articles/optimization-notice

Intel

gesodYr FOpahNP 4.0

AlfmjesnlsesYHREOS d dz0dz: dzOw g5
UthSdL 9 SH dlsisl&Squm/X]de)h O] Compilers
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typedef  float complex fcomplex ;
const uint32_t max_iter = 3000 ;
#pragma omp declare  simd uniform( max_iter ), simdlen (16)
uint32_t mandel ( fcomplex ¢, uint32_t max_iter )
{
uint32_t count = 1, fcomplex z=c;
while ((  cabsf (z) < 2.0f) && (count < max_iter )){
zZ=27%*z+C;count++;

vMMe tstey dzd J

}

return count;

}
uint32_t count[ ImageWidth ][ ImageHeight ]; Serial SSE 4.2 AVX2

e e e . ee.
for (int32_ty =0;y < ImageHeight ; ++y) { Normalized performance dat# higher is better
. - . * . .
float c_im = max_imag - y* imag_factor ; Confguraon: Il Xeont CPUEA0 12 @ 3.50 GH system (4 cores wih ypfreading Or), urning i 350GHz, wih 320GBAM, L1 Cache 256K, L2 Cache 10ME,
A L3 Cache 8.0MB, 6&it Windows* Server 2012 R2 Datacenter. Compiler options:, SSE4Q3 3Qipo 3QxSSE4.20r AVX2:-03 3Qipo3QXCORBVX2
#pragma omp simd safelen (16)
. . Software and workloads used in performance tests may have been optimized for
for (|nt32 tx=0;x< |mageW|dth ; ++x) { MobileMark are measured using specific computer systems, components, software, operations and functions. Any change to any of trawseré may cause the results to
— A a vary. You should consult other information and performance tests to assist you in fully evaluating your the of that product
fcomplex in vaI S tmp = ( min reaI + X * when combined with other products. * Other brands and names are the property of their respective owners. Benchmark Sountel Corporation
1 * 1 . OptimizationNot i c e : Intel ds compil ers may or -intamicropmdessorpfar optimizatiens that are iomique®me degr ee
real_faCtor ) + ( C_Im 10|F)’ Intel microprocessors. These optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intebtipesrantee the
= H 1 . availability, functionality, or effectiveness of any optimization on microprocessors not mar ured by Intel. Micr dent in
Count[y] [X] mandel ( |n_Va.|S_tmp 1 maX_|ter )’ this product are intended for use with Intel microp ors. Certain ¢ ions not specific to Intel microarchitecture eeserved for Intel

} microprocessors. Please refer to the applicable product User and R Guides for more 1 reg;
this notice. Notice revision #20110804 .

}

only on Intel tsuch asSYSmarkand

g the 1 sets covered by
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void Search(const Board& b ) { Intel@C i IPlksParallelism

e
} else {
Search( Board(b,i,0) );
Search( Board(b,i,1) );
i 30.2 Seconds

vMmMe st dzd J

1 ([l Otc Odzdzj €z'ts ez

Serial Parallel

void Search(constBoard& b ) {

€ Normalized performance dat# higher is better

} else { Configurati on4770K (Mased) EPUCDS0GHE, 4icotes, Hyphreading On, 16GB RAM, 12M cache,-6i¢ Ubuntu. For the full code set:

. . https:// software.intel.com/enus/articles/cilk-plus-solver-for-a-chesspuzzle or-how-i-learnedto-love-rejection
cilk_spawnSearch( Board(b,i,0) ); o o oo v e e v b o o I
MobileMark are measured using specific computer systems, components, software, operations and functions. Any change to any of trazser§ may cause the results to
the of that product

vary. You should consult other information and performance tests to assist you in fully evaluating your

Search( Board(b,i,1) ); R e i e e s oy S e s B oo S
compil ers may or -intel micropmtessorpfdr optimizatiens that are iomiquemme degr ee

OptimizationNo t i c e Intel ds
Intel microp . These include SSE2, SSE3, and SSSE3 instruction sets and other optlmlzat\ons Intedtdpesrantee the
ors not mar by Intel. Micrc

8 .4 seconds availability, functionality, or effectiveness of any optimization on micropi
. Certain 1s not specific to Intel microarchitecture geserved for Intel

this product are intended for use with Intel micropr
microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the spiestfiaction sets covered by

1s in

this notice. Notice revision #20110804 .
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L] 93hosg 690 269Y0DYfr E3YY

A [ HJ Oy e dzo ) jisds Y j eps-eeport Compies
(B J H d dagedeepgrt, -par-report, -openmpreport d
H 1§

AdglsOtsffydthy " WsHHjtey do O Isfyw

AANO2figsls yy Biz@OY HisBIsSj C Isdzd € O
A [ sy 4 d3j digff lds'd3ts M Sopt-report-file=<filename|stderr|stdout>

=lprogram test

real a(l@ea)

# 1 optimization note

A1 sdzif fsdzv Isdfa[dils O sy Is T

i) 15338: vectorization support: reference A has aligned access (line: 6, column: 7)
i) 15388: vectorization support: reference A has aligned access (line: 6, column: 7)
i) 15399 vectorization support: unroil factor set to 2 (line: 4, column: 3)
Compiler Optimization Report - Current Projectitest vec) 15300: LOOP WAS VECTORIZED (line: 4, column: 3)
Y ~| 13VEC | OPAR | 00penMP | 0PGO | OLNO | 00ffload | 0CG | 15448: unmasked aligned unit stride {oads: 1 (iine: 4, column: 3)
Desc ' ption 15449 unmasked aligned unit stride stores: 1 {line: 4, column: 3)
n loop

Ve
- .
} \ S tB Q I I l q‘@ m\l J. G tdl@ .LI q 15388: vectorization support: reference A has aligned access (line: 6, column: 7) i
1)15388: vectorization suppert: reference A has aligned access (line: 6, column: 7) i) 15476: scalar loop cost: 39 (line: 4, column: 3)

m

i) 15475: --- begin vector loop cost summary - (line: 4, column: 3)

. . . * ) 15388: vectorization suppert: reference A has aligned access (line: 6, column: 7) i) 15477 vector loop cost: 23,000 (line: 4, column: 3) '
(3)15399: vectorization suppert: unroll factor st to 2 (fine: 4, column: 3)
) 15300: LOOP WAS VECTORIZED (line: 4, column: 3) do i=1,1@88
i)15848: unmasked aligned unit stride loads: 1 (line: 4, column: 3) if (a(i) .gt. @) then
) 15449: unmasked aligned unit stride stores: 1 (ine: 4, column: 3) a(i) = 1 / a(i)
(3) 15475: - begin vector loap cost summary --- (line: 4, column: 3) :
g L o endif

)15476: scalar loop cost: 39 (line: 4, column: 3)
D1S477: vector Inon cack: 22000 (line: . column: 3) endde
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int size(); oA
void foo(double *restrict a, Compilers
double *b){
int i;
for (i=0;i<size()i++){
al[i] += bfi];
}

——F

icpcdc -O3 drestrict dopt-report x.cpp S S ) _'.F’
14.0 compiler:
x.cpp(6) (col.15) remark: loop was notwectorized: unsupported loop structure
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int size(); cers
void foo(double *restrict a, i
double *b){
int i;
for (i=0;i<size()i++){
ali] += b[if;
}
—3
icpcdc -O3 drestrict dopt-report x.cpp > .y,
15.0 compiler /Q\\
LOOP BEGIN at x.cpp(6,15) 3
remark #15523: loop was notvectorized: cannot compute loop iteration count before executing the Ioox
LOOFEND
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Intel VTune Amplifier XE 2015
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= Advanced Hotspots Hotspots viewpoint (change) @ 7

s Target sis Type @@ Collection Log «% Bottom-up  «% Ca

PUF ncy Ratio: 1.111 :

Time: 0s
Overhead Time: 0.005s 6bEaYsqaeho a¥ 3ddqoy 3Igsoabqgbyy
Spin Time; 371.709s sodaqQo3Eosqaehojo eodF |Qauy
A significant portion of CPU time is spent waiting. Use thisp| P EdeoEgYdaaqnode¥?

ning. Consider adjusting spin wait

parameters, changing the lock implementation (for example, the synchronization granularity.

(®» OpenMP Analysis. Application Elapse : 69.073 yEdeoaces codoao
[ Serial Time (outside any parallel region): 0.038s ] dEdsEdFaaqaqbo so ddEIbqgb¥Yxy
= Parallel Region Elapsed Time: 69.0355 d YQqqEaon?
[ Estimated Ideal Time: 53.116s
( Potential Gain (Elapsed Time): 15.919s
(® Top OpenMP Regions by Potential Gain yE deoaceo ajh poRq

adeod¥se qda¥ codEgoaEqn DbEQ
This section lists OpenMP regions with the highest potential for performance improvel qQYd¢FaEbdon ? elapsed time that

could be saved if the region was optimized to have no load imbalance assuming no rut

OpenMP Region Potential Gain (Elapsed Time) Elapsed Time Instance Count

y_solve Sompsparallel: 24@unknown: 42:395 4.584s 16.885s

z_solve_sompéparallel: 24@unknown: 42: 408

._solve_Sompsparallel:24@unknown; 44:396

compute rhs_Sompsparallel: 24@unknown: 17:426
rallel: 24@unknown:

201

OFeYq o3Fdse¥Y evo( bEDb
bEY¢oaqq Ybosqdqdhb qauy
269YDYFr E3YY?

0.147% T.5568 201
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A 1 ©SSHC Linux

Target | Binary/Symbol Search | Source Searchl

Connection type: Ilemote Linux (S5H) - I

local
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Log B Summary [CRESEEY *% Caller/Callee % Top ee d Frames BB Crag ¥

Function | Call Stack

FdllStopPlugin
FFireObject:: checkCallision
P FireObject::ProcessFireCollisions
P NtWaitForSingleObject
¥Ogre:FileSystemArchive::open
F Ogre:MeshManager:load<
Selected 1 row(s):

QI
wiWinMainCRTStartup (0
lendthreadex (0x2hed) |
endthreadex (Dx28a4) |
landthraadey (Nv2d5e |

Thread

Grouping: | Function / Call Stack | 0 (© W Data Of Interest (CPU Metrics) ||~ |
CPU Time by Utilization— [ overhead and & drViewing 4 1of 78 b selected stack(s)
Jidle BPoor Ok Wideal B Over RIS ‘ 3911% (2.514s of £.635) ‘
8.633s [ I L] 0.239s
6.211s I | 0s
i 1
5.0555 I pr— o RenderSystem_Direct3D9.DLLdIIStop..
3.4825 I 3.4825 OgreMain.dil'Ogre::Renderwindow:...
2.707s I 0s RenderSystem_Direct3D9.DLLIdIISto
0.951s BN 0s OgreMain.dIl'Ogre::RenderWindow::..
L(FTEY id 5 OgreMain.dll!Ogre::RenderSystem:: _...
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3990 b ) 3’ ) j' ) ’) Memory Used by Analysis Tool and Target Application

Last recorded memory usage before collection completed: 190 MB

| GOy sdz' L tf OGed]| ...
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" 52 MB
7 Min 3.5 Min an
1 ]
N
Faster Race and Deadlock Analysis Faster Race and Deadlock Analysis
Linux* Windows*
1000 1000

Up to 20x faster Up to 18.9x faster

] otso Jfe€ IO E 59
¢ tstej2@ Od
dmyf sdz' L tf OO%dsM

100 100

Runtime Overhead
Runtime Overhead

. 10 10
Is syMs ¢ tc Ols!d dzts )
1 1
7zip blender firefox 7zip blender firefox
m Intel® Inspector XE 2013 update 3 m Intel® Inspector XE 2013 update 3
® Intel® Inspector XE 2015 beta RHEL 6u3 64-bit m Intel® Inspector XE 2015 beta Windows 8, 64-bit

View configuration information at end of this presentationClick to view
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