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1> 5)L° VTune™ Amplifier @ hotspot itk L R—k

™ Advanced Hotspots Hotspots viewpoint (change) @

2 Collection Log | | Analysis Target Analysis Type | 8 Summary ECREISMGTRTTsY  + s« Top-down Tree| | B Platform

Grouping: | Function / Call Stack

CPU Time » w
Function / Call Stack i ilizafi ] Instructions Retired CPI Rate
8 idle Ef;e;l‘;ﬁ ﬂmg}t{]y :ﬂ;z:]m; Over Spin Time Overhead Time
b computeGradient 219.640ms (D Oms Oms 1,073,100,000 0.809
B main 63.428ms NEGEGD oms oms 323,750,000 0.751
# _ libm_atan2f 19 54.737ms (D Oms Oms 64,050,000 3.377
k nonMaximumSupression 42.152m= D oms oms 117,600,000 1.390
kb std::pow<float, int> 18.279ms @B Oms Oms 208,250,000 0.355
p GaussianFilter 16.381ms B oms oms 92,750,000 0.770
B libm_floor y8 14.084ms @ Oms Oms 8,750,000 6.600
p std::atan2 4.695ms | Oms oms 3.150.000 6.222
kb std::pow<float, int> 3.396ms | Oms Oms 26,250,000 0.373
» convertRGBtoGray 3.396ms || 0ms 0oms 41,650,000 0.378
p floor 1.8%8ms | Oms oms 350,000 28.000
p atan2?f 1.798ms | 0ms 0oms 5,250,000 1.467
B libm_atan2f e7 1.398ms | Oms Oms 7,700,000 1.091
B __intel_avx_rep_memset 1.099ms | Oms oms 0
B libm_error_support 0.499ms | Oms Oms 4,900,000 0.571
p cvi:Mat~Mat 0.100ms | 0oms 0oms 0 0.000
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145 I)L® Advisor DIVL—T 51 VR

e e e e li - oo —oreyya
' ' EERBLIEIL—T751VEFIE, O—
JO0—RHXEU —1&@%7&!3%’%’
100- 3P Vector FiAPeak (single ghregfled): 116360 GILOPS, KENZIER T DDICTRIL
e R e - B EORIFENEND— SOk
e e POBEMEXRT
10 - _ Scalar Add Peak (sing®-threaded): 7.3 GFLOPS' * ,'f—:'_\ 0)11%75\5%;&@%"‘;73‘\53\75\5
. - X BIZEERE (1 N\~ TFOER
&M FLOPS #) ==L, COEN
{ o el -+ RENEAT—o 00— RIZSE KRS
o e THD, /NSVWIEEIFXEU—KEFET
nhd
« CCTIREBORIFY—NILT1IL
o e H—7%&RL, COE®D FLOPS 13X
Gioi e - NZ—DOIVITINALY R-E—=D%
BEICKDHIREND

Performance (GFLOPS) k@ IB ~ | & Use Single-Threaded Roofs © =

AIAINS

014"

0.001 0.01 0.1 1 10
E Self Elapsed Time: 0.059s Total Time: 0.082 s Arithmetic Intensity (FLOP/Byte)
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V—RILTLIVF—Dd—

for(int 1 = 1; i < rows-1; 1i++){
int index = i*cols+1;

int gindex = (i-1) *gcols;
for(int 7 = 0; j < cols-2; j++){
int indexl = index+7j;

int gindexl = gindex+j;
gradient x = gradient y = 0.0f;

for(int k1 = -1; k1 <= 1; kl1++){
int index2 = indexl+ (kl*cols);
for (int k2 = -1; k2 <=1; k2++){

gradient x += gradientx[k1+1][k2+1] * input.datal[index2+k2];
gradient y += gradienty[k1+1][k2+1] * input.datal[index2+k2];
}

}
strength.data[gindexl] = sqgrt (pow(gradient x, 2) + pow(gradient y,

degrees = floor(((atan2(gradient y, gradient x) * 180 / PI)/45) + 0.5f);

direction.data[gindex1l] = (degrees == 4)?0: (degrees*45);

Intel Corporation DEIECY, * ZOMBOHE, BB ELEE1E, —RICEHORT. BIEEl I BREIECT,

IV IA S —OBICICRET DFEIE, w=SRLTLIESEL,

A & L
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-0O2 —qopt-report5 —qopt-report-
phase=vec —-std=c++171

computeGradient MEITHFE = 0.33964 #
FEEAHH DOEITRR = 0.0601606
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15 I)L° VTune™ Amplifier DR L R— bk

% General Exploration General Exploration viewpoint (change) @

@ Analysis Target Analysis Type B Collection Log

Grouping: | Function / Call Stack

i Summary QBottom-up % Event Count B Platform

Back-End Bound
Core Bound
Function / Call Stack T -
Divider Port Utilization y. = -
Cycles of 0 Ports Utilized | Cvclesof 1 PortUtilized | Cycles of 2 Ports Utilized | Cvcles of 3+ Ports Utilized »||  Vector Capacity Usage (FPU)

> computeGragient | 115 NSNS %% 28.%% 13.9% | 13.9% NN 13.7%
» main 2.0 10.1% 26.2% 20.29% 100.096 12,
p _ libm_atan2!_|9 74.6% 0.0 6.8 24.9% 70.1% 25.09%
» nonMaximumSupression 0.0 2.7 21°¢ 13.4
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1>57J)L° Advisor ICLD computegradient DT ERITER

@ summary 2% Survey & Roofline '@ Refinement Reports INIEL ADVISU
A Some target modules do not contain debug information

Suggestion: enable debug information for relevant modules.

Vectorized Loops 2| Instruction Set Analysis

P i i
[*8 | [+][=] Function Call Sites and Loops & | ¥Vectorissues |Self Timev |TotalTime |Type Why No Vectorization? - z

9 Vect... | Gain ...| VL.| Traits Data Types
% s f computeGradient O lolined Function Float32

& 3:‘_.“’\. 7 ;:5 [—:«, | 9}. 1 ‘ [ =

o)) B

+O [loop in main at sample.cc:146) (] ¢ 1Datatypec... 0.005s1

Scalar Versions 1 outer loop was notau... Type Conversions Float32
s/ f GaussianFilter 8 0.003s1 0.003s! Inlined Function Float32
s f convertRGBtoGray 8] 0.002s1 0.002s! Inlined Function
s f std::pow<Float, int> O 0.002s1 0.002s! Inlined Function

Source l Top Down | Code Analytics | Assembly |‘# Recommendations | 8 Why No Vectorization?

Line Source Total Time| % |Loop/FunctionTime| % Traits

v T o o e UMV E————

146 GaussianFilter(outputimage2, outputimagel); 8.000ms |

147 timer stopl = std::chrono::system clock::now();

148

149 for(int i = 0; 1 < rows; i++)

150 {

151 int indexl = (i+1)*newcols+1;

152 int index = i*cols;

153 for(int j = 0; j < cols; j++)

154 outputimage.data[index+j] = outputimage2.data[index1+j]; 1.000ms [

155 }

156 //Step 3 Gradient strength and direction

157 timer start2 = std::chrono::system clock::now();

158 B computeGradient (outputimage2, gradientstrength, gradientdirection); 64.000ms Hl 88.000ms EEEEN Divisions; Square
\ le cc+1 Roots; Type

Conversions
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computeGradient ICBT 31T IV AV N1 5—DOFJBILL RK—

JL—BtA sample.cc(75,5)
UI—2 #15389: NIMIMEOYR—F: BB gradientx[kl+1] [k2+1] [CFZSAVSNTULVEBRWTFTIEANEENTLET, [ sample.cc(77,20) ]
UT—2 #15389: NIMIMbOYR—F: BB input->datalindex2+k2] [CFZSAVSINTUWVEREWTIIEAMNEENTWLET, [ sample.cc(77,44) ]
UT—2 #15389: NIMIMbOYR—F: BB gradienty[kl+1l] [k2+1] [CFZSAVSNTULVERWTFTIEANEENTLET, [ sample.cc(78,20) ]
UT—2 #15389: NIMIMbOYR—F: BB input->datalindex2+k2] [CFZSAVSINTUWVERWTIIEAMEENTLET, [ sample.cc (78,44) ]
UI—2 #15381: NIMNUELOYR—bk: IL—FKIKATTZSAVSNTULWEGWTIEANMERSNELE.
UY—2 #15335: I—TIIRNTRIMEESNFERBATLEZ: RTFMUEIZAIBETIDIENETT  A—/N\N—F1TRFTBICIE vector always TrLITFTsTERIE
-vec-threshold0 Z{#ERLTLIEEL,
UT—2 #15305: NIRMIUMEOYR—F: RORILE 2
UI—2 #15309: NITMUEOUR—F: ERESNERTRILEOA—/\—AVE 2.273
UI—2 #15450: VAROGLIETZSA-AZvARSAR-O0—F: 4
UI—4 $15475: —-—— ROMILOIRARSTU—RIA ---
UNY—2D #15476: AATF—OIIAF: 19
U—D #15477: NIR)LOOAL: 11.000
UT—2 415478: AE—R7YTOHIFE: 0.620
UT—4 #15487: BIZHA. 2
UT—4 415488: --- RIMILOIRARYTU—T ——-
=TT
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1 >5)L° Advisor OHEIZERIE

4 summary %8 surveya Roofline ¥ Refinement Reports 'mm
A Some target modules do not contain debug information g

Suggestion: enable debug information For relevant modules

Vectorized Loops B Instruction Set Analysis

o

IS8 4= Function Call Sites and Loops [} ¢ Vector issues  Self Timev Total Time  Type why No Vectorization?

Q Vect Gain VL. Traits Data Types

% ‘i [loop in makn at sample.cc:158] ¥ 1 Datatypec.. 0.013s8 0.066s W Scalar 8 puter loop was notaut ... Divisions; Square Root... Float3z; Floaté4
B + O [loop in main at sample.cc: 146] [1 % 1Dpatatypec... 0,005s0 0.008s 1 Scalar Versions @ 1 outer loop was not au Type Conversions Float32

Source I Top Down l Mm' Assembly | ¥ Recommendations | @ why No Vectorization?

integer, intent(in) :: n, ni
real, intent(inout) :: a{n,nl)
integer :: 1, J
do i=1,n

do 3=1,n

a(j,1) = a(1-1,1)+#1

end do

end do

end subroutine foo
Recommendations

« Run a Dependencies analysis to check if the loop has real dependencies. There are two types of dependencies
o True dependency - Read after write (RAW)
o Anti-dependency - Write after read (WAR)
« If no dependencies exist, use one of the following to teil the compiler it is safe to vectorize:
i Vi nt al ies in |
Target ICLACC/ACPC Directive IFORT Directive |
Source Loop | #pragma simd or #pragma omp simd |JDIRS SIMD or 5OMP SIMD
Directive to ignore only vecior dependencies (which is saler)
Target |ICLACCICPC Directive | IFORT Directive
Source Loop | #pragma Ivdep 'DIRS IVDEP
0 restrict keyword
« |f anti-dependency exists, use a directive where k is smaller than the distance between dependent items in anti-dependency. This enables vectorization, as dependent items are put into different ve:

Target | ICLICC/CPC Directive IFORT Directive
Source Loop | #pragma simd vectorength(k) | IDIR$ SIMD VECTORLENGTH(K)

If using the 03 compiler option, use a directive before the inner and outer loops to request veciorization of the outer loop:

Target | ICLACC/CPC Directive IFORT Directive |
Inner loop | #pragma novector IDIR$ NOVECTOR
Quter loop | #pragma vector always | IDIR$ VECTOR ALWAYS |

o
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OpenMP* @ simd 759V ICEDRATHEND L

for(int 1 = 1; i < rows-1; i++){ 4~/7_-)ll® ZFIJ_Eyg\ SIMD ;’I\;Eﬁi%
int index = i*cols+1; (,r\/j_-)ll® SSE) a) SIMD E*um l/’::

int gindex = (i-1) *gcols; o ~
#pragma omp simd private(gradient x, gradient y, degrees) /\72'—7 /Z
for(int j = 0; 3 < cols-2; j++){

int indexl = index+7j;

int gindexl - ginderrs; . EALEIVAS—ATYa Y

gradient x = gradient y = 0.0f;

For(int KL = -1; kI <= 1; kl++){ -0O2 —gopt-report5 —qopt-report-
int index2 = indexl+(kl*cols); .
i =L o <00 phase=vec -std=c++11 —qopenmp-simd

gradient x += gradlientx[kl+l] [k2+1] * linput.data['index2+k2]; . computeGradient @i?fﬂ%ﬁﬁ =0. 106005 5‘51]\

gradient y += gradienty[kl+1][k2+1] * input.data[index2+k2];

} - (R IUEENTVEWNWN—T3a>vEDE 3.19

} v = \*
strength.data[gindexl] = sqgrt(pow(gradient x, 2) + pow(gradient y, 2)); EJ[EU]._)
degrees = floor (((atan2(gradient y, gradient x) * 180 / PI)/45) + 0.5f);
direction.data[gindexl] = (degrees == 4)7?0: (degrees*45);
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OpenMP* @ simd 759V ICKDHATHENRT LILEDFER

@ Analysis Target Analysis Type @ Collection Log | ¥ Summary [ JEBITInEIeY % Event Count B2 Platform

Grouping:  Function / Call Stack

Back-End Bound
[ Core Bound
Function / Call Stack + T .
Divider | . PortUtiization _ -
, | Cvclesof0Pons Utilized | Cyclesofl PortUtilized | Cyclesof 2 Pons Utilized | Cvcles of 3+ Ports Utilized »|  Vector Capacity Usage (FPU)

p nonMaximumSupression O O 54.1%

Vector Capacity Usage (N ~ILAEHEEDERAE) a ELTLBM, S5ICH ETE B sEENHSD
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OpenMP* M simd 75 VICKDATHENT RILEDFER

@ summary %% Survey & Roofline |9 Refinement Reports INIEL ADVISUR 2U1
A Some target modules do not contain debug information

Suggestion: enable debug information for relevant modules.

o J—— Vectorized Loops Instruction Set Analysis
[l [+][=] Function Call Sites and Loops & | @Vectorissues |SelfTimev TotalTime |Type Wwhy No Vectorization? o = p
g Vector ISA | Efficiency | Gain ... | VL (V... Traits Data Types
E 3G [loop in main at sample.cc:135] (J ©1Assumedde... 0.000s! 0.001s! Scalar @ vector dependencep...
Bl /O [loop in main at sample.cc:138] [J @ 10pportunity... 0.000s! 0.001s! Scalar & outer loop was nota...
30 [loop in main at sample.cc:147] O 0.000s ! 0.008sH Scalar @ outer loop was nota... Float32
510 [loop in main at sample.cc:150] [ € 10pportunity... 0.000s! 0.001s! Scalar @ outer loop was nota...
510 [loop in main at sample.cc:159] O 0.000s ( 0.029s BB  Scalar @ inner loop was alrea... Float32; int32
s f [stack] O 0.000s 0.043s BN Function
5 f _Init_MKL_Loader O 0.000s [ 0.001s! i Float32
Ol mple.cc:159] | M [®3V .000s( |0.02 Flo
31t [loop in GaussianFilter at sample....| [J n/a n/a Scalar Complete... @ vectorization possibl.
5 [loop in GaussianFilter at sample....| [ n/a n/a Scalar Complete... @ outer loop was nota...
s [loop in computeGradient] O n/a n/a Scalar Complete...

Source | Top Down | Code Analytics | Assembly |v Recommendations | @ Why No Vectorization?

Line Source TotalTime| % | Loop/FunctionTime| % Traits
149

150 @ for(int i = 0; i < rows; i++)

151 {

152 int indexl = (i+l)*newcols+1;

153 int index = i*cols;

154 @ for(int j = 0; j < cols; j++)

155 outputimage.data[index+j] = outputimage2.data[index1+j]; 1.000ms |

156 }

157 //Step 3 Gradient strength and direction

158 timer start2 = std::chrono::system clock::now();

159 B computeGradient (outputimage2, gradientstrength, gradientdirection); 10.000ms = 29.000ms Divisions; Packs; Shifts;

Shuffles; Square Roots; Type
Conversions; Unpacks

It

torized: 1inner
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BRI MV EER#RORE{LL N—F

JIL— 7% sample.cc (56, 3)
UT—2 #15381: NIMIMEOBR—F: IL—TFTKENTT7Z A /SNTVRWTFIEADMERSNELE,
UT—2 $#15305: NIRIMEDBR—F: RTORILE 4
UY—2 #15309: NIMIUEOYR—k: ERIELSNERTRHUEDA—/\—AVE 0.221
UT—2 #15417: NOMUHEDOBR—F: ZEV/NEREET7YTIVIN\—LLET (BERBRENSERE 1),
UY—2 #15417: NOMUVEOYR—: ZFENERHET7YTIVIN—-LLET (BRENSERE 1),
U= #15417: NOMUHEDOBR—b: ZEVNEREET7YTIVIN—LLET (BERBRENSERE 1),
UT—2 #15418: NIMUMEOBR—F: FENVNEAES D OVIN\—-FLET (BREHNSERE 1),
UY—4% #15301: OpenMP SIMD LOOP MINIRMILEENZELIE.
UI—2 #15450: YRIIRLIETZSA- AV RAMTAMR-O0—F: 18
UT—2 #15451: YRIGLIIETZSAV AV ARSARART: 2
UI—2 #15475: ——— RINLOIAASYTU—FHA -—--
UY—2 #15476: AAS—OIA: 572
UY— #15477: NOR)LOOAL: 198.750
UT—2 #15478: AE—RF7ZYTOHAFE: 2.860
UT—2 $15482: NIRIMELSNEEHTSATSU—DIFOHL: 2
UT—2 #15486: BRE: 2
UY—2 #15487: BIZHE. 24
UI—2 #15488: -—— NIMILOIAARYTU—#KT —--
IL—7B%R sample.cc (61, 4)

/usr/local/include/c++/7.1.0/cmath (418,14) ]
/usr/local/include/c++/7.1.0/cmath (418,14) ]
sample.cc (71,14) 1]
sample.cc (50,2) ]

o~~~ —~
[ e e}
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W—TROBZBROBE ST

#pragma omp parallel for private(gradient x, gradient y, degrees) T I7AILETIE BEREE sqrt, pow, floor (518 E L TERBEZEN/ MR BEZ (FHFD
for(int i = 1; i < rows-1; i++){ N AVIFILOT—5 IFEBEZE NI R B THD I8, BIE NN B L ZONT MILRhE
int index = i*cols+1; ICHET D
int gindex = (i-1)*gcols;
#pragma omp simd private(gradient x, gradient y, degrees) IL—TRtA sample.cc (56, 3)
for(int j = 0; j < cols-2; J++){ UI—2 #15381: NIMIUELOYR—b: IL—TKIERTTZSIEncTun
int indexl = index+7; BWFOEANMERINELR,
int gindexl = gindex+j; UY—2 #15305: NIMIMEDOYR—F: ROMILE 4
gradient x = gradient y = 0.0f; UT—2 #15309: NIRIUMEOYR—k: ERIESNRTHIEOA—/\—
for (int k1 = -1; k1 <= 1; k1++){ AWE 0.373
int index2 = indexl+ (kl*cols); JY—2% #15301: OpenMP SIMD LOOP HINIMJL{EENFELIEZ,
for (int k2 = -1; k2 <=1; k2++){ U —2D #15450: RYATQRLIFFSAV-AZy A5 B-0—F: 18
gradient x += gradientx[kl+1][k2+1] * input.data[index2+k2]; UT—2 #15451: YARUGLIETZSA AV ARTSARART: 2
gradient y += gradienty[k1+1][k2+1] * input.data[index2+k2]; UI—2 #15475: —-—— NINILOARARYGIU—FIA ---
} UY—D #15476: ANT—MOIARXL: 556
} UY—2 #15477: RTBILOIAEL: 116.000
strength.data[gindexl] = sqrtf (powf (gradient x, 2) + powf (gradient y, 2)); UT—2 #15478: AE—RZY7OHEFE: 4.760
degrees = floorf (((atan2(gradient y, gradient x) * 180 / PI)/45) + 0.5f); UT—2 #15482: RITRILSNEEMSATSU—DFOHEL: 2
direction.data[gindexl] = (degrees == 4)?20: (degrees*45); UT—2 #15486: FRE: 2
} U—2 #15487: BIZHE: 20
} U—2 #15488: -—- RUMLOIAARSFTIU—HET —-—-

JL—TBtA sample.cc (61, 4)

computeGradient OEITHRT = 0.871432 ¥ (RADEELDH 3.87 BEX)

¥ © 2017 Intel Corporation. R cO5| A, &&= LET, Intel, 1> )L, Intel O, Intel Inside, Intel Inside OTE, 7 XUAERES LD / FEIFZOMHOEICEIFS
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NI FIVIERDOUE

& summary %% Survey & Roofline | Refinement Reports INTEL ADVISOR 2018

A Some target modules do not contain debug information

Suggestion: enable debug information For relevant modules.

| - | ] Vectorized Loops Instruction Set Analysis 2
(o8l | [+] =] Function Call Sites and Loops & | @Vectorissues | SelfTimev |TotalTime |Type Why No Vectorization? - - =
2 Vect... |Efficiency |Gain ... VL (V... Traits DataTy
=4 = O [loop in main at sample.cc:138] (] @ 10pportunity... 0.000s! 0.001s| Scalar @ outer loop was nota...
il -/ O [loop in main at sample.cc:147] O 0.000s! 0.007s H Scalar @ outer loop was nota... Float32
15 [loop in main at sample.cc:150] (0 @ 10pportunity... 0.000s 0.001s! Scalar 8 outer loopwas nota...
510 [loop in main at sample.cc:159] a 0.000s! 0.024sEEM  Scalar @ inner loop was alrea... Float32
5% [loop in __svml_atan2f4_h9] a 0.000s! 0.002s1 Inside vectorized Float32
i f [stack] O 0.000s 0.038s HEEEE Function
2§ Init MKL Loader 0 0.000s!( 0.001s! Function
[+ [loop in main at sample.cc:159] (] @2 Datatype c... 0.000s! 0.024sEl Vectorized (Bo... SSE2 [=100% 4.79x 4 ]Packs; Shifts; Shuffle..." Float3i
s\ [loop in GaussianFilter at sample.cc:34] U n/a n/a Scalar Complete... @ vectorization possibl...
s\ [loop in GaussianFilter at sample.cc:34] O n/a n/a Scalar Complete... @ outer loop was nota...
i\ [loop in computeGradient] B n/a n/a Scalar Complete...

Source | Top Down I Code Analytics I Assembly la’ Recommendations |ﬁ Why No Vectorization? l
'All known issues with all possible recommendations: C++/ Fortran

| Issue: Potential underutilization of FMA instructions
Your current hardware supports the AVX2 instruction set architecture (ISA), which enables the use of fused multiply-add (FMA) instructions. Improve performance by utilizing FMA instructions.

& Recommendation: Target the AVX2 ISA Confidence:¢Low

Although static analysis presumes the loop may benefit from FMA instructions available with the AVX2 ISA, no AVX2-specific code executed for this loop. To fix: Use the xCORE-AVX2 compiler option to generate
AVX2-specific code, or the axCORE-AVX2 compiler option to enable multiple, feature-specific, auto-dispatch code generation, including AVX2.

Windows* OS Linux* OS
/QxCORE-AVX2 or /QaxCORE-AVX2 | -xCORE-AVX2 or -axCORE-AVX2

Read More:

e ax. Qax; x. Qx
* Code Generation Options in the Intel® C++ Compiler 16.0 User and Reference Guide
e Compiling for the Intel® Xeon Phi™ processor x200 and the Intel® AVX-512 ISA and Vectorization Resources for Intel® Advisor Users

o © 2017 Intel Corporation. R cO5| A, &&= LET, Intel, 1> )L, Intel O, Intel Inside, Intel Inside OTE, 7 XUAERES LD / FEIFZOMHOEICEIFS
Intel Corporation DFEIETY . * ZOMDEE BB BFEF, —MRICHHEDOR R, FIZELIFEREIETI,
IV I\ S —DREVICEET DI, ESRBLTLIEE,
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125 )L° AVX OFI A

O summary % Survey & Roofline  &F Refinement Reports
A Some target modules do not contain debug information

Suggestion: enable debug information for relevant modules

INTEL ADVISOR 20

3 Vectorized Loog n Set Analys
+ = Function Call Sites and Loops F'Y ¢ Vector Issues Self Timev  Total Time Type Why No Vectornization
(s} Ve Efficiency Gain LV fraits DataT
-
- I main 0.000s 0.016s WS Function Appr. Reciprocals(AVX)... Float3]
m natsample,ct v 1 Opportunity... 0.000s 0.00151 Scatar a
n at sample.c [ 0.000s ).003s 0 Scala a Float3:
n at sample.cc:150] ¥ 1 Opportunity... 0.000s 0.001s1 Scalar rloop was &
! 0.1 0.0165s N Function
in at sample.cc:159) 0.000s inner loop was alrea Appr. Reciprocals(AVX)... Float3i
r C In main at nple 147] v yata type co... 0,000s ! outer loop was not FMA; Type Conversions Float3:
L sample ] [ 0.000s
Py P ¥ T T s z T T ':r‘—-f,f-'_h— Sa Al e ehulbF £l
GaussianFilter at sample.cc:34] | n/a vectorization possibl
[ n/a outer loopwasnot a

oop In Gaussianfitter at sample.cc34

Source

une urce

152 t indexl = + 11 *new . |

1 t index = {*co

154 B for(int =0 ( j++)

155 tp mage . datalindex+)] = outputimage2
156 }

1 /St strength and directior

3 Gradient

timer start3d = std::chrono;::system clock: :nowl

{at
19

Top Down | Code Analytics | Assembly | < Recommendations ]a Why No Vectorization?

alindex1+)

computeGradient (outputimage?, gradientstrength, gradientdirection);

Total Time

5.000ms ®

% L

O

p/F

unction Time %

6.000ms —

~©2017 Intel Corporation. ERTO5| A, GHAEZLCET, Intel, 1>F )L, Intel O3, Intel Inside, Intel Inside DT, 7 XUAERES LV [ FlFZDMDOEICHIFS

Intel Corporation DEIZCTY
IVINA S —DORBELICEIT DFFMIE,

ZOMOHE  REBLREF, —RICEHORR, BIZECIFEFREHIE
E=SRLTIZSL,

Appr. Reciprocals(Av)
FMA; Permutes

Roots; Type Conversions

: Divisions

shuffles; Square
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127IV° AVX ZRIRALIZINT A—-VY VX

- FRHLEOVINAMS—AT3a:
« -02 -qopt-report5 -qopt-report-phase=vec -qgopenmp-simd -xCORE-AVX2 -std=c++11
- computeGradient ®E1THERE = 0.0217945 ¥ (RIIDEXELDHH 16 EE1R)

o THUE, AVFTIL® SSE ELEBRUTRIBILED 2 BTHHZE, ZLT FMA s DY R— R THL D,
LDV —NILT IV —Dm=MNIL—T & FMA (s BICKDFI R ESNS,

for (int k2 = -1; k2 <=1; k2++) {
gradient x += gradientx[kl+1][k2+1] * input.data[index2+k2];
gradient y += gradienty[kl+1][k2+1] * 1nput.data[index2+k2];

o © 2017 Intel Corporation. R cO5| A, &&= LET, Intel, 1> )L, Intel O, Intel Inside, Intel Inside OTE, 7 XUAERES LD / FEIFZOMHOEICEIFS
Intel Corporation DEIZTY . * ZOMDHE HRBEEF, —RICHHDORT, FIZERIFEFREIZECT .
VN1 > —D&REYICFAT DEEMIE, ESRBLTLIEE,
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REEOREMPOEMRZEINICTDS

- FRHLEOVINAMS—AT3a:
+ -02 -qopt-report5 -qopt-report-phase=vec -qopenmp-simd -xXCORE-AVX2 -no-prec-div -std=c++11
- computeGradient METHFR = 0.0207084 ) (RMDEELNDH 16.3 ZFEiR)

« ACO—FZATORIV/I\A1Z5— AT 3% ERALTGCC7.1 TEILRTSHE, OpenMP* 4.0 D
SIMD 750 %= ERLTVLBICEHNINDET IL—THIRT )L EENEL

« -02 -ffast-math -fopenmp-simd -march=haswell -std=c++11 -ftree-vectorize -fopt-info-vec

« computeGradient MEITHFME = 0.249924 #

o © 2017 Intel Corporation. R cO5| A, &&= LET, Intel, 1> )L, Intel O, Intel Inside, Intel Inside OTE, 7 XUAERES LD / FEIFZOMHOEICEIFS
Intel Corporation DEIZTY . * ZOMDHE HRBEEF, —RICHHDORT, FIZERIFEFREIZECT .
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OpenMP* ZFIFH LIV ILF ALY L

B T Iy Ry T dientn e . ERALEIVIAS— AT
Y ndex T ol « -02 —qopt—reportS —qopt-report-phase=ve§
toragma omp simd private (gradient_x, gradient_y, degrees) -gopenmp-simd -xCORE-AVX2 -no-prec-div
ot et = imaemnsy —~qopenmp -std=c++11

int gindexl = gindex+j;

gradient x = gradient y = 0.0f; * ComPUteGradient Oji?i-H%FEﬁ = 00099909 *4\
for(int k1 = -1; k1 <= 1; k1++)({ (E-EZ‘)J@EEXZ%J:D:E)%‘J 34 :&%E)

int index2?2 = indexl+ (kl*cols);
for(int k2 = -1; k2 <=1; k2++){
gradient x += gradientx[k1+1][k2+1] * input.datal[index2+k2];
gradient y += gradienty[k1+1][k2+1] * input.data[index2+k2];
}
}

strength.data[gindexl] = sqgrtf (powf (gradient x, 2) + powf (gradient y, 2));
degrees = floorf (((atan2(gradient y, gradient x) * 180 / PI)/45) + 0.5f);
direction.data[gindex1l] = (degrees == 4)?0: (degrees*45);

% © 2017 Intel Corporation. T CD3| A, EHAEZELET, Intel, 7>/ JL, Intel O, Intel Inside, Intel Inside O &, 7 XUNDERES LD | £elEZDOMBOEICH TS

Intel Corporation MEIE *ZOMBOME, BRBRE(F, —RICBEHORT, BEXLITBREIECTT, 20 intel' Software
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15 I)L° VTune™ Amplifier DR L R— bk

™ General Exploration General Exploration viewpoint (change) @

@ Analysis Target Analysis Type| |2 Collection Log | Kt Summary

Grouping: | Function / Call Stack

@ Bottom-up &

Event Count

E Platform

Function / Call Stack Clockticks v
p nonMaximumSupression 6,600,000
p computeGradient 99,750,000
B main 72,800,000
p GaussianFilter 52,500,000
B __svml_atan2f3_19 50,400,000
p convertRGEtoGray 14,700,000
B __intel_avx_rep_memset 3.150,000
p std::atan2 1,400,000
B __ svml_atan2fd 700,000
B sti BE 0

Instructions Retired

46,650,000
141,400,000
201,950,000
110,250,000

39,550,000

43,050,000

0
350,000
0
0

Front-End Bound o

Bad Speculation

CPl Rate

4.000

0.000

Front-End Latency

]

23.1%
0.0%
0.0%

31.3%
0.0%
0.0%
0.0%
0.0%

Front-End Bandwidth

% © 2017 Intel Corporation. EMiTODS| A, mHZZELKT, Intel, 1>/7 )L, Intel O, Intel Inside, Intel Inside O (&, P XUANEREH XV / FlzlEZDHDEICHIFS
Intel Corporation DEIZTY . * ZOMDHE HRBEEF, —RICHHDORT, FIZERIFEFREIZECT .

IV IA S —OBICICRET DFEIE, =SRLTLIESL,

-
Branch Mispredict

~

21

Machine Clears

. 0%
0.0%
0.0%
0.0%

0.0%
0.0%
0.0%
0.0%
0.0%

( intel' Software
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FEEAHEIO—F

foxcine 4 = 07 4 < xons 430 .+ JERAIHIDEITARG = 0.0601606
;2§<izgej = iZSZii j < index+col; Jj++)

{

int indexl = j-col;
int index2 = j+col;
switch (direction.datal[j])
{
case 0: if (! (strength.data[j]l>strength.datal[indexl] &&
strength.data[j]l>strength.data[index2]))
strength.data[j] = 0;
break;
case 45: if (! (strength.data[j]l>strength.datal[indexl-1] &&
strength.data[j]>strength.data[index2+1]))
strength.data[j] = 0;
break;
case 90: if (! (strength.data[j]l>strength.datal[index-1] &&
strength.data[j]l>strength.data[index+1]))
strength.data[j] = 0;
break;
case 135: if (! (strength.data[j]>strength.data[indexl+1] &&
strength.data[j]>strength.data[index2-1]))
strength.data[j] = 0;
break;

% © 2017 Intel Corporation. EMiTODS| A, mHZZELKT, Intel, 1>/7 )L, Intel O, Intel Inside, Intel Inside O (&, P XUANEREH XV / FlzlEZDHDEICHIFS
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AV N\15—IREROKFIEZRE

A Some target modules do not contain debug information
Suggestion: enable debug information For relevant modules.

§ [ Function Call Sites and Loops & | ¥ Vectorlissues Self Timev Total Time |Type
g E@ [loop in nonMaximumsSupression at sample.cc:..i 7 | * 1 Assumed dependency present  0.017s——]
lll 517 [loop In computeGradient at sample.cc:57] | L] @ 1Data type conversions present  0.008sE  0.010s1 Vectorized (Body)
s f GaussianFilter B 0.005s W 0.005s1 Inlined Function
=G [loop in main at sample.cc:147] (] € 1Assumed dependency present  0.002sl 0.002s Scalar
2517 __svml_atan2f8 |9 a 0.002s1 0.002s | Vector Function
(=T convertRGBtoGray ‘ O 0.001sl 0.001s! Inlined Function
56 [loop in main at sample.cc:159] (] ¢ 1Assumed dependency present  0.001sl 0.001s ! Scalar
= f memmove 4 O 0.001s1 0.001s! Function
56 [loop in memset] \ O 0.001s1 0.001s! Scalar
O [loop in strlen] | O 0.001s1 0.001s! Scalar
5 f [stack] ) 0.000s 0.095s EEEEE Function
:"‘fil"{‘““‘-.t"r I '(Y_T faWaYalor ! N NQ7c MM Ciinckion

Source Topﬁgwn :

Line | Source
76 return;

79 void nonMaximumSupression(Mat &strength, Mat &direction)

- _
Intel Corporation DEFIETY,* ZDMED#E  BRAERE 1, —RICEHDE R, HIEERIZIBFHIETT, 23 (intel/ software
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1> 5 I)L°® Advisor DIKTF LR

¥ summary %% Survey&Roofline @ Refinement Reports

Site Location Loop-Carried Dependencies | Strides Distributio

| ¥ G [loop in nonMaximumSupression at sample.cc:.. @ RAW:1 No information avi

o A
o4 '{.

int index = i*col;
for(int j index; j < index+col; j++)
[

Memory Access Patterns Report | Dependencies Report | ¥ Recommendations

o © 2017 Intel Corporation. R cO5| A, &&= LET, Intel, 1> )L, Intel O, Intel Inside, Intel Inside OTE, 7 XUAERES LD / FEIFZOMHOEICEIFS
Intel Corporation DFEIETY . * ZOMDEE BB BFEF, —MRICHHEDOR R, FIZELIFEREIETI,
IV I\ S —DREVICEET DI, ESRBLTLIEE,
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NI RIIVKEFEREE

9D

for(int 1 = 0; i < row; 1i++)

{
int index = i*col;
#fpragma ivdep
for (int j = index;
{

int indexl
int index2

J < index+col; J++)

= j-col;
Jj+col;

switch (direction.datalj])

{

case

strength.data[j]>strength.

case

strength.data[j]>strength.

case
strength.data[j]>strength

case

strength.data[j]>strength.

0: 1f (! (strength.datal[j]l>strength.data[indexl] &&
data[index2]))

strength.data[j] = 0;

break;
45: if (! (strength.data[j]>strength.data[index1-1] &&
data[index2+1]))

strength.data[j] = 0;

break;

90: if (! (strength.datal[j]l>strength.datal[index-1] &&

.data[index+11]1))

strength.data[j] = 0;
break;
135: if (! (strength.data[j]>strength.data[indexl+1] &&
data[index2-11))
strength.data[j] = 0;
break;

FEERAHIFIDEITRR = 0.00604505
(RMDERLDD 9.95 EE1E)

IW—T D57 —5EIH unsigned char THd
_EEERITDE EBENGAE—R7YT
& 32 &

% © 2017 Intel Corporation. T CD3| A, EHAEZELET, Intel, 7>/ JL, Intel O, Intel Inside, Intel Inside O &, 7 XUNDERES LD | £elEZDOMBOEICH TS
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NI FINEIC KD 215 TRl = R 7ZHEFR

™ General Exploration General Exploration viewpoint (change) @

B Collection Log| @ Analysis Target

Grouping: | Function / Call Stack

Analysis Type

B Summary

& Bottom-up

s Event Count

E Platform

Front-End Bound

Bad Speculation
N

Function / Call Stack Clockticks = Instructions Retired CPI Rate ’ . [ . . .
Front-End Latency Front-End Bandwidth Branch Mispredict Machine Clears
\ y,
p computeGradient 103,250,000 152,600,000 0.677 26.7% 0.0% 0.0% 0.0%
B main 66,350,000 201,500,000 0.332 0.0% 0.0% 0.0% 0.0%
p GaussianFilter 55,650,000 111,650,000 0.498 0.0% 0.0% 0.0% 0.0%
P _ svml_atan2f3_19 42,700,000 27,650,000 1.544 0.0% 21.5% 0.0% 21.5%
¢ nonMaximumsSupressiondompEparallel_for@@a3 35,000,000 49,000,000 0.714 0.0% 0.0% 0.0% 0.0%
p convertRGBtoGray 16,300,000 42,350,000 0.397 0.0% 0.0% 0.0% 0.0%
p __intel_avx_rep_memset 2,450,000 350,000 7.000 0.0% 0.0% 0.0% 0.0%
p std:atan? 700,000 700,000 1.000 0.0% 0.0% 0.0% 0.0%
p __svml_atan2fg 350,000 350,000 1.000 0.0% 0.0% 0.0% 0.0%
p cviMat:release 0 0 0.000 0.0% 0.0% 0.0% 0.0%

¥ © 2017 Intel Corporation. T CD3| A, EHAEZELET, Intel, 7>/ JL, Intel O, Intel Inside, Intel Inside O &, 7 XUNDERES LD | £elEZDOMBOEICH TS
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HIU—

Optimization Summary for Sobel Optimization Summary for Non-
Filter Maximum Suppression

OPENMP THREADING

5 H OPENMP THREADING
'*3 AVOID DIVIDE INSTRUCTION 'ﬁ
N 'E
g SIMD TARGETING INTEL® AVX2 g
. 8- #PRAGMA IVDEP FOR SIMD
,g_ AVOID TYPE CONVERSION s
v
§- OPENMP SIMD TARGETING SIMD %
& & INITIAL IMPLEMENTATION
INITIAL IMPLEMENTATION
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35
Speedup w.r.t initial implementation Speedup w.r.t initial implementation
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RDATYT
1 >5)L® Parallel Studio XE 2018 Z=H L <=L\

« BAOFFMRR: https://www.isus.jp/intel-parallel-studio-xe/

JrEFr—HITELLESL
 https://software.seek.intel.com/fall-webinar-series (&
e XEVU—-70ER-TFOT771): —BRGINT A=YV A REINRY I DB EERRRAE (REE)-AVFTIVE
« https://software.intel.com/en-us/articles/webinar-better-threaded-performance-and-scalability-
with-intelr-vtune-amplifier-openmp (%35
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