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BekTOpHbIe onepaunn (SIMD)

for(i = 0; i <= MAX; i++)
c[i] = a[i] + b[i];

a[i+7] afi+6] afi+5] afi+4] afi+3] Falit2] EERIRE

bli+7] b[i+6] b[i+5] = b[i+4] ' b[i+3]

c[i+7] c[i+6] cl[i+5] ' c[i+4] | ci+3]

Optimization



VECTOR REGISTERS IN INTEL ARCHITECTURES

16 vector
registers

32 vector

we | EUEEROEOETY (scnoas
B 4xdoubles

o @ N W W texiioas

egsters | NSV sxdoubles

* More and wider vector registers
 Masked vector instructions

* High-accuracy approximate reciprocal instructions
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http://www.intel.com/performance
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Komnunarop :
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Knaccbl SIMD intrinsic
(Hanpumep: F32V€C’ F64vec’ "_)

BekTopHble intrinsic pyHKuUmn
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(intel.
NMpumep vec/vO0.cpp Software

void foo(int *A, int N, int n)

{

int i;

for (i=N; i<n+N; i++) {
A[i] = A[i] + A[i-N];

Code the Future e || | ! _“
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(intel.
NMpumep vec/vO0.cpp Software

void foo(int *A, int N, int n)
{
int i;
#pragma omp simd safelen (4)
for (i=N; i<n+N; i++) {
A[i] = A[i] + A[i-N];

Code the Future e || | ! _“
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Software

NMpumep vec/vO01l.cpp

short sum(float *A, int n)

{

int i, x = 0, xt = 0, N;

for (i=0; i<n; i++) {
xt = x + A[i]*2;
x = xt + N;

}

return x;
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NMpumep vec/vO01l.cpp

short sum(float *A, int n)

{

int i, x = 0, xt = 0, N;

#pragma omp simd reduction (+:x)
for (i=0; i<n; i++) {
xt = x + A[i]*2;
x = xt + N;
}

return x;

Code the Fu
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B yem npobnema?

3aBUCMMOCTU NO AaHHbIM

DOI =1, N
A(I+1) = A(I) + B(I)
ENDDO

Optimization
i 1]



B yem npobnema?

3aBUCMMOCTU NO AaHHbIM

DOI =1, N
A(I+1) = A(I) + B(I)
ENDDO

Bbi30B pyHKLUMM

for (i = 1; i < nx; i++) {
x =x0 4+ i * h;
sumx = sumx + func(x, y, xp);

}

Optimization
otice CL



B uem npobnema?

3aBUCMMOCTU NO AaHHbIM

DOI =1, N
A(I+1) = A(I) + B(I)
ENDDO

Bbi30B pyHKLUMM

for (i = 1; i < nx; i++) {
x =x0 4+ i * h;
sumx = sumx + func(x, y, xp);

BOo3MOXHble 3aBUCUMOCTMH

void scale(int *a, int *Db)

{

for (int i = 0; i < 1000; i++)
b[i] = z * a[i];




B uem npobnema?

[lepemeHHOe Yncno utepauum
3aBUCMMOCTU NO AAHHbIM struct x { int d; int bound; };

DO I =1, N void doit(int *a, struct _x *x)

A(I+1l) = A(I) + B(I) (
ENDDO for(int i = 0; i < x->bound; i++)
a[i] = O0;
Bbi30B PpyHKLUMMK }

for (i = 1; i < nx; i++) {
x =x0 4+ i * h;
sumx = sumx + func(x, y, xp);

BOo3MOXHble 3aBUCUMOCTMH

void scale(int *a, int *Db)

{

for (int i = 0; i < 1000; i++)
b[i] = z * a[i];




B uem npobnema?

[lepemeHHOe Yncno utepauum
3aBUCMMOCTU NO AAHHbIM struct x { int d; int bound; };

DO I =1, N void doit(int *a, struct _x *x)

A(I+1) = A(I) + B(I) (
ENDDO for(int i = 0; i < x->bound; i++)
af[i] = O0;
Bbi30B PpyHKLUMMK }
for (i = 1; i < nx; i++) {
x =x0 + i * h; HepaBHOMepHble 40CTYN K MaMATU
sumx = sumx + func(x, y, Xp); for (i=0; i<N; i++)
} A[B[i]] = C[i]*D[i]

BOo3MOXHble 3aBUCUMOCTMH

void scale(int *a, int *Db)

{

for (int i = 0; i < 1000; i++)
b[i] = z * a[i];




B uem npobnema?

3aBUCMMOCTU NO AaHHbIM

DOI =1, N
A(I+1) = A(I) + B(I)
ENDDO

Bbi30B pyHKLUMM

for (i = 1; i < nx; i++) {
x =x0 4+ i * h;
sumx = sumx + func(x, y, xp);

BOo3MOXHble 3aBUCUMOCTMH

void scale(int *a, int *Db)

{

for (int i = 0; i < 1000; i++)
b[i] = z * a[i];

[lepemeHHOe Yncno utepauum

struct _x { int d; int bound; };

void doit(int *a, struct _x *x)
{
for(int i = 0; i < x->bound; i++)
a[i] = 0;

HepaBHOMeprle A4O0CTYyN K NaMATHU
for (i=0; i<N; i++)
A[B[i]] = C[i]*D[i]

BHeWHWUN UmKn

for(i = 0; i <= MAX; i++) {
for(j = 0; j <= MAX; j++) {
D[i]l [3] += 1;




Vectorization today

#pragma omp simd reduction(+:....) =0 =1 '
for(p=0; p<N; p++) {
// Blue work
if(...) { E
// Green work
} else {
// Red work Are all :|
} 2 lanes done? \
while(...) { #

3
// Purple work ‘5).(,1." VS(Q.., YT’"X'ZQE
} R K "“
y = foo (x); S e
Pink work ~y1 ..,V yi,y2
} Function call Function call Vector Function call
Two fundamental problems ‘ [ |

v Data divergence
v" Control divergence

Increasing need for user guided explicit vectorization
Explicit vectorization maps threaded execution to simd hardware




5 Steps to Efficient Vectorization - Vector Advisor
(part of Intel® Advisor, Parallel Studio, Cluster Studio 2016)

1. Compiler diagnostics + Performance Data + SIMD efficiency 2. Guidance: detect problem and recommend how to
information fix it

& PA Issue: Peeled/Remainder loop(s) present

All or some source loop iterations are not executing in the kernel loop. Improve performance by moving

Sef Total Compiler Vectarization @
Function Call Sites and Loopsa T T [ Y 8 source loop iterations from peeled/remainder loops to the kernel loop. Read more at Vector Essentials,
VLS A Laop Type Why Mo Vectorization? Utilizing Full Vectors...
[{loop in runCForallLambdaloops| 00845 00845 [ Scalar wector dependence prevents vector . Recommendation: Align memory access
[loop in runCForaliLambdal oops] 01405 37445 [ Scalar inner loap s 3lready vectorized Projected maximum performance gain: High

Projection confidence: Medium

8 ¥ [loop in stz Complex hase<double,struct C_double_complexszi...| 00314 00315 W | [Yectorized iBodvl |

y N se one of the memory accesses in the source loop does not
Vectorized $5E; S5L2 loop processing Float3Z: Floatfd data tyy) 3. "Accurate" Trip Counts + FLOPS: understand utilization ry access and tell the compiler your memory access is aligned.
Peeled loops loop stuts were reordered 2 byte boundary:
[{loop in stdxbasic_string<char struct std:ichar traits <char> class stdvallo.. 0,005 para"ellsm granUIarlty & OVerheadS
) [loop in stebasic_string <char,struct std:char traits ¢char,class stdlzallo., 0,000 O g | e Come 4 SIZE*sizeof(float), 32);
[{loop in stdznurm_put<char,class stdzostreambuf_teratar<char struct st 0.0005 Medon 4 | M |Mar | beation Duraion, | G2l Court
3151 1 1 1 315005 1
045051 1 ol <0001 20600
001051 i1 1 2 <0,0001s 2756
0,010s1 i2 1 L] «<0,0001s 173519
001051 i3 1 t] <0,0001s 11515
4. Loop-Carried Dependency Analysis 5. Memory Access Patterns Analysis
Site Name Site Function  Site Info Loop-Carried Dependencies  Strides Distribution Access Pattern
loop_site 203 runCRawlLoops runCRawloops.coc1063 @ RAW:L No information available No information available
N loop_site 139 runCRawlLoops runCRawloops.coc622  No information available 39%736% / 25 Mixed strides
D @  Type Site Name  Sources Modules  State loop_site_160  runCRawLoops runCRawLoops.coc925 | No information available 100%/0%/0%  All unit strides
P1 @  Parallel site information site2 dgtest2.cpp dgtest2 v Not a problem
° i _ A Memory Access Patterns
P2 Read after write dependency site2 dgtest2.cpp dotest2 New D B St T — P —
P3 @ Read after wiite dependency site2 dqtest2 cpp dqtest2 R New P2 @ 001 Unit stride runCRawloops.cocb37 Icals.exe
IP4 | * |Wiite after write dependency |site2 datest2.cpp dtes2 | iNew
P5 @ Wiite after wiite dependency site2 dgtest2.cpp dotest2 Fe New
P& @  Wiite after read dependency site2 dgtest2.cpp dotest2 Re New
P7 @  Wiite atter read dependency site2 dotest2 cpp; idle.h dotest2 R New =3 @ 00 Unit stride runCRawlLoops.coc638 Icals.exe
=p30 @ -1575;-63;-26; - 26; 63; 2164801 Variable stride runCRawLoops.coc628 Icals.exe




NunarHoctmka SIMD umnknos

® Where should | add vectorization and/or threading parallelism? & Intel Advisor XE 2016
m Sursey Report
Elapsed time: 54445 | | Wectorized Mot Wectarized FILTER: | All Modules v Al Sources ha o
] ) ] | Trip o Wectarized Loops "
Function Call Sites and Loops & | @ Vectorlssues Self Timew | Total Time Counts Loop Type Why Mo Wectarization? v -
ecto,. | Efficiency Yectar L.
i+ O [loop at stl_algo.hd740in stdutr ., [ 017051 0.170s1 Scalar @ non-vectarizable loop ins ...
S0 [laap at loopstlcppi 2449 in 5234_] ' 2 Ineffective peeledfrem., 01701 01701 12 4 Collapse Collapse s Flode |4
[0 [loop at loopstlopp:2dd@ins ... [] 0.150:1 0150s1 12 Yectorized (Body) AN 4
1+ (0 [loop at loopstl.epp:2dd@ins ... [] 0.020:1 0.020s1 4 Remainder
1O [loop at loopstlopp 7900 inwvas ) [] 0.170:1 0.170:1 500 Scalar B vectorization possible but... 4
[loop at loopstl.cpp:3500 in s2... ‘¢ 1 High vector register ... 0.160s| 0.160s| 12 Expand Expand avx [6B% s
[loop at loopstl.cpp:38971 in 5279 ] ' 2 Ineffective peeled/rem . 0.150s1 0.150s1 125; 4 Expand Expand LA™ R I
[loop at loopstl.cpp:6249 in s414,_] 015051 015051 12 Expand Expand s 00l |4
i O [loop at st_numerichi247 instd., [ %' 1 Assurned dependency ., 015051 015051 49 Scalar & vector dependence preve ... v
5 L4 : - \ - >
Source g =]
Line Source Total Tirme E Loop Time E 2
3504 forttime_ (&tl):
3505 i_ 1 = *ntimes;
3506 B for (nl = 1: nl <= i_ 1; ++nl) 0.010s | 0.200: |
[loop at loopatl.cpp: 3506 in 3273 ]
Secalar Loop. Not wectorized: inner loop was already wectorized
HNo loop transformations were applied
3507 {
3508 i_ 2= *n;
3509 <=i_ 2 | 0.010s | 01805 |
[loop at loopstl.cpp: 3509 in 3273 ]
Vectorized AVH Loop processing Float3Z; Floatdd; Int3Z2 data type(s) having Inserts; Extracts; Masked 3t
Selected (Total Time): 0.010s v




NunarHoctmka SIMD umnknos

) Where should | add vectorization and/or threadng parallelism? & Intel Advisor XE 2016
m Sursey Report
Elapsed time: 54445 | | Wectorized Mot Wectarized FILTER: | All Modules v Al Sources ha o
] ) ] | Trip o Wectarized Loops "
Function Call Sites and Loops & | @ Vectorlssues Self Timew | Total Time Counts Loop Type Why Mo Wectarization? v -
ecto,. | Efficiency Yectar L.
i+ O [loop at stl_algo.hd740in stdutr ., [ | 017051 0.170s1 Scalar @ non-vectarizable loop ins ...
S0 [laap at loopstlcppi 2449 in 5234_] ' 2 Ineffective peeledfrem, 01701 01701 12 4 Collapse Collapse s Flode |4
[0 [loop at loopstlopp:2dd@ins ... [] 0.150:1 0150s1 12 Yectorized (Body) AN 4
1+ (0 [loop at loopstl.epp:2dd@ins ... [] 0.020:1 0.020s1 4 Remainder
1O [loop at loopstlopp 7900 inwvas ) [] 0.170:1 0.170:1 500 Scalar B vectorization possible but... 4
[loop at loopstl.cpp:3500 in s2... ¢ 1 High vector register .. 0.160s| 0.160s| 12 Expand Expand avx [6B% s
[loop at loopstl.cpp:38971 in 5279 ] ' 2 Ineffective peeled/rern . 0.150s1 0.150s1 125; 4 Expand Expand LA™ R I
[loop at loopstl.cpp:6249 in s414,_] 015051 015051 12 Expand Expand s 00l |4
2O [loop at st_numeric.h: 247 in st [] |9 1 Assurmed dependency . 015051 015051 49 Scalar & vector dependence preve ... v
4 € B - - - >
Source g =]
Line Source Total Tirme E Loop Time E 2
3504 forttime_ (&tl):
3505 i_ 1 = *ntimes;
3506 B for (nl = 1: nl <= i_ 1; ++nl) 0.010s | 0.200: |
[loop at loopatl.cpp: 3506 in 3273 ]
Secalar Loop. Not wectorized: inner loop was already wectorized
HNo loop transformations were applied
3507 {
3508 i_ 2= *n;
3509 <=i_ 2 | 0.010s | 01805 |
[loop at loopstl.cpp: 3509 in 3273 ]
Vectorized AVH Loop processing Float3Z; Floatdd; Int3Z2 data type(s) having Inserts; Extracts; Masked 3t
Selected (Total Time): 0.010s v




NunarHoctmnka SIMD umknos
g parallelism? O Intel Advisor XE 2016

on Report | Suitabil ity Report

oAl Maodules v | All Sources W O,
_ | Trip o Wectorized Loops M
self Tirnew | Total Tirme Counts Loop Type Wiy Mo Wectorization? . —
ecto... | Efficiency Wector L.
0.170s 01705 scalar B non-vectarizable loop ins..,
01705 | 0170s1 12 4 Collapse Collapse AV 100 | 4
0,150z Q.150s1 12 Vectorized (Body) FIRTE S 4
0.020s | Qo20s1 4 Femainder CKafIFIprll‘;l U
01705 | Q170s 1 500 =Calar o 4
0.160s1  0.160s| 12 Expand BEKTOPHbLIN AvX  [-60% E:
015051 015051 125; 4 Expand Expand Ay o |
01505 | 015051 12 Expand Expand A 100 | 4
01505 | 01501 49 scalar B vector dependence preve .., ”

Optimization
otice. L1




NunarHoctmnka SIMD umknos

g parallelism? 1O Intel Advisor XE 2016

on Report | Suitabil ity Report

oAl Maodules v | All Sources W O,
| i d Loops *
self Tirnew | Total Tirme Counts Loop Type Wiy Mo - Ta—
. Y ector L.
0.170s 01705 scalar B non-vectarizable loop ins..,
01705 | 0170s1 12 4 Collapse Collapse AV 100 | 4
0,150z Q.150s1 12 Vectorized (Body) FIRTE S 4
0.020s | Qo20s1 4 Femainder CKafIFIprll\/i U
01705 | Q170s 1 500 =Calar o 4
0.160s1  0.160s| 12 Expand BEKTOPHbLIN AvX  [-60% E:
015051 015051 125; 4 Expand Expand Ay o |
01505 | 015051 12 Expand Expand A 100 | 4
01505 | 01501 49 scalar B vector dependence preve .., ”

Optimization
otice. L1




NunarHoctmnka SIMD umknos

g parallelism? 1O Intel Advisor XE 2016

on Report | Suitabil ity Report

oAl Maodules v | All Sources W
Self Timew | Total Time 'I:I'rip Loop Type Wk Mo dL_ 'ﬂlnMHa SEKTOPA jo
aunts .| Efficiency orL
0.170s 01705 scalar B non-vectarizable loop ins..,
01705 | 0170s1 12 4 Collapse Collapse AV 100 | 4
0,150z Q.150s1 12 Vectorized (Body) FIRTE S 4
0.020s | Qo20s1 4 Femainder CKafIFIprll\/i U
01705 | Q170s 1 500 =Calar o 4
0.160s1  0.160s| 12 Expand BEKTOPHbLIN AvX  [-60% E:
015051 015051 125; 4 Expand Expand Ay o |
01505 | 015051 12 Expand Expand A 100 | 4
01505 | 01501 49 scalar B vector dependence preve .., ”

Optimization
oti [



NunarHoctmnka SIMD umknos

g parallelism? 1O Intel Advisor XE 2016

on Report | Suitabil ity Report

LAl Maodules WAl Sources v
Self Tirnew | Tatal Tirme E"ip Loop Type Wiy Mo g ~/1Ha BEKTODA o
aunts .| Efficiency orL
0.170s 01705 scalar B non-vectarizable loop ins..,
017051 0170:1 12: 4 Collapse Collapse A 100 | 4
KonnyectBo Wectorized (Body) A 4
UTepaLmit Remainder  WoREYETIRISI/RTNIY
REL . scalar o 4
0.160s1  0.160s| 12 Expand BEKTOPHbLIN AvX  [-60% E:
0.150: | 0.150:1 125: 4 Expand Expand PTG N 77 | &
0,150 | 0.150:1 12 Expand Expand A 1000 | 4
01505 | 01501 49 scalar B vector dependence preve .., ”

Optimization
tiea LI



NunarHoctmnka SIMD umknos

g parallelism? 1O Intel Advisor XE 2016

on Report | Suitabil ity Report

All Sources W
Bpema LY
Trip M [nanHa BekTopa B
w | Total Time C Loop Type Wiy Mo -
ounts .| Efficiency ar L
0.170s 01705 scalar B non-vectarizable loop ins..,
017051 0170:1 12: 4 Collapse Collapse A 100 | 4
KonnyectBo Wectorized (Body) A 4
UTepaLmit Remainder  WoREYETIRISI/RTNIY
REL . scalar o 4
0.160s1  0.160s| 12 Expand BEKTOPHbLIN AvX  [-60% E:
0.150: | 0.150:1 125: 4 Expand Expand FOYS G Y T | &
0,150 | 0.150:1 12 Expand Expand A 1000 | 4
01505 | 01501 49 scalar B vector dependence preve .., ”

Optimization
tiea LI



,D,l/IaFHOCTl/IKI/l B NCXOAHOM KOAE

Une| Source Total Time %

163 =] for (int x = x0; ®x < x1; ++x) |

[loop at fractal.cpp:le3 in <lambdal>::operator()]
Scalar Loop. Not wvectorized: outer loop was not auto—wvectorized: conaider ua:
Ho loop transformations were applied

164 =l for (int v = y0; v < vl; ++y) I
[loop at fractal.cpp:led in <lambdalX>::operator()]
Scalar Loop. Not wectorized: wvectorization posaible but seems inefficient. U:

-

Loop was unrolled by 2

fractal data array[x - x0] [y - y¥0] = calc _one pixel(x, ¥, 10.822s [

166 }

167 1

168 for (int v = ¥0, y _temp = 0; ¥ < yl; ++y, ++y_temp) |

169 area.set_pos(0, v - y0);

170 for (int x = x0, x temp = 0; x < x1; ++X, ++x_temp) |

171 area.put_pixel (fractal data array([x_temp] [y_temp]);

172 }

173 1 0,196z |

Coigeation)




DPPEKTMBHOCTb BEKTOPHOTO LKA

Loops

H H B B B

™
ot

[loop at IbpSUB.cpp:1280 in fPropagationS... AV 13%
[loop at IbpGET.cpp:152 in fGetFracSite] AVK 30%a
[loop at lbpGET.cpp:42 in fGetOneMass5ite] | AVX 36%a
[loop at lbpGET.cpp:78 in fGetTotMass5ite] | AVX 36%a
[loop at lbpGET.cpp:334 in fGetOnelirecSp ... AVX 38%a
[loop at |bpBGK.cpp:B40 in fCollisionBGE]  AVX 100 %

Vecto...| Efficiency &

Estimated Gain | Vect...

0,53 4

2,38

2,86

2,86

3,05

[N = I = = I = = R = &

2,05

[13% |

PeanbHasa adpdeKTUBHOCTb T

CKkanapHbIM KoA,

)

MakcumanbHaa 3GGEKTUBHOCTb




HaCcTn BEKTOPHOTIO LMKIa

% Where should | add vectorization and/or threading parallelism? o

Surnmary M SIGUSERNLL A # Refinement Reports & Annotation Report i Suitability Report

Elapsed time: 8,325 || Vectornized Mot Vectorized FILTER: ' all Modules % All Sources b
Function Call Sites and Loops & ‘ @' Vector ssues Self Timew Total Time Loop Type ‘
=% [loop at fractal.cpp:179 in <lambdal>:op .. ‘¢ 4 High vector ...  0,013s| 12,020s B Collapse

[ ] [loop at fractal.cpp:179 In <lambdal=>:o.. ®  Serialized use.. L 11,281s 1 | Vectonzed (Body)
i+ [loop at fractal.cpp:179 in <lambdal>zo ... ‘¢ 2 Data type co... 0,000s | 0,163s| Peeled
i+ [loop at fractal.cpp:179 in <lambdal=zo.. ‘¢’ 2 Data type co... 0,000s | 0,576z ) Remainder
i+ [loop at fractal.cpp:177 in <lambdal>uoper.. [ | ' 2 Datatypeco.. 0,010z | 12,030 B Scalar

Optimization
11



Yncno ntepaum

« M Where should | add vectorization and/or threading parallelism? &I

Surmmary u SR # Refinement Reports & Annotation Report i Suitability Report

Ymncno
Bbl3OBOB

Program time: 12,825 Vectorized Mot Vectorized | | E FILTER: | &All Modules

Trip Counts
Median

Function Call Sites and Loops Self Timew | Total Time &
Min Max Call Count

= [loop at Multiphy.c:33 in matvec] 11.892: B 11.293: I Yucno
i+l [loop at Multiply.c:33 in matvec] 118510 11.351-mm [ ] | 101 101 12000000
i+ [loop at Multiply.c:33 in matvec] 0.047s | 0.047s | ] AIEREIG AL 3 3 1000000
i:[loop at Multiply.c:33 in matvec] 0.413s| 0.413s| ] 101 101 2000000
BV [loop at Multiply.c:45 in matvec] 12.373s "1
ir[loop at Driver.c:146 in main] 0.016s 1 1248308 [ | ‘g 1 | 1000000 1000000 1000000 1

D



2. PekomeHpauunm
VOB <cuc pecied/Remainder looppresent ]

@ All or some source loop iterations are not executing in the kernel loop. Improve performance by moving
Y 8 source loop iterations from peeled/remainder loops to the kernel loop. Read more at Vec

lizing

Recommendation: Align memory access

Projected maximum performance gain: High
Projection confidence: Medium

The compiler created a peeled loop because one of the memory accesses in the source loop does not
start at a data boundary. Align the memory access and tell the compiler your memory access is aligned.
This example aligns memory using a 32-byte boundary.




PekoMeHaaLUnm

Elapsed time: 8,815 || Vectorized Mot Vectorized FILTER: | All Modules ¥ | | All Sources hd o

Yectorized Loops 2

Function Call Sites and Loops & | @ Vector Issues Self Timew Total Time Loop Type | Why Mo Vectorization?

Yecto.. | Estim... “u‘ectu:ur Len

160 I Scalar
LA60z @ | Scalar

2.022=1 Remainder

All or some source loop iterations are not executing in the loop body. Improve performance by moving source loop iterations from

@ 5 peeled /remainder loops to the loop body.

(> Disable unrolling
The trip count after loop unrolling is too small compared to the vector length. To fix: Prevent loop unrolling or decrease the unroll
factor using a directive.

ICL/ICC/ICPC Directive | IFORT Directive

#pragma nounroll IDIRS NOUMNROLL
#pragma unroll IDIRS UNROLL
Read More:

o User and Reference Guide for the Intel C++ Compiler 15.0 > Compiler Reference > Pragmas > Intel-specific Pragma

Reference > unroll/nounroll. W

Optimization
11




PekoMeHaaLUnm

peeled /remainder loops to the loop body.

(> Disable unrolling
The trip count after loop unrolling is too small compared
factor using a directive.

ICL/ICC/ICPC Directive

#pragma nounroll

#pragma unroll

IFORT Directive
IDIRE NOUNROLL
IDIRS UNROLL

Read More:
o User and Reference Guide for the Intel C++ Compiler 15.0 > Compiler Reference > Pragmas =

All or some source loop iterations are not executing in the loop body. Improve performance by moving source loop iterations from

g or decrease the unroll

NoapobHoe onucaHue
TUNNYHbBIX NPOb6eM

Intel-specific Pragma

Reference > unroll/nounroll.

Optimization
L




PekoMeHaaLUnm

'y’ Recommendations | B

pBl Issue: Serialized user function call(s) present

User-defined functions in the loop body are not vectorized.

2 (> Enable inline expansion

Inlining of user-defined functions is disabled by compiler option. To fix: When using the Ob or inline-level compiler option to
control inline expansion, replace the @ argument with the 1 argument to enable inlining when an inline keyword or attribute is
specified or the 2 argument to enable inlining of any function at compiler discretion.

Windows* 05 Linux* OS5
ICL Option | IFORT Option ICC/ICPC Option IFORT Option
Qb1 or /Ob2 | Ob1 or Ob2 —inline-level=1 or —-inline-level=2 | -inline-level=1 or -inline-level=2
Read More:

Optimization
ica 1]




PekoMeHaaLUnm

'@ Recommendations i~

Issue: Inefficient memory access patterns present
There is a high of percentage memory instructions with irregular (variable or random) stride accesses. Improve performance by investigating an

Confid

~) Recommendation: Use SoA instead of AoS
An array is the most commeoen type of data structure containing a contiguous collection of data items that can be accessed by an ordinal ing
structures (AoS) or as a structure of arrays (SoA). While AoS organization is excellent for encapsulation, it can hinder effective vector proce

using SoA instead of AoS.
Read More:




3. AHanu3 3aBUCUMOCTEN

Type Site Name  Sources Modules  State
Parallel site informatio site2 testZ cpp dqtest2 + Mot a problem
Read after write de e site2 dgtest2.c dotest2 Re Mew

dqtest2 Re Mew

dotest2 Re Mew
y dgtest2 Re Mew
@ Write after read dependency site2 dqtest2.cpp. idle.h dqtest2 R New




3aBNCUMOCTM MO AAHHbIM

DO I =1, N void scale(int *a, int *Db)
A(I) = A(I-1) * B(I) {
ENDDO for (int i = 0; i < 1000; i++)
b[i] = z * a[i];
}

Issue: Assumed dependency present
The compiler assumed there is an anti-dependency (Write after read - WAR) or true dependency (Read after write - RAW) in the

loop. Improve performance by investigating the assumption and handling accordingly.

> Enable vectorization
Potential performance gain: Information not available until Beta Update release
Confidence this recommendation applies to your code: Information not available until Beta Update release

The Correctness analysis shows there is no real dependency in the loop for the given workload. Tell the compiler it is safe
to vectorize using the restrict keyword or a directive.

ICLACC/ICPC Directive IFORT Directive Ourcome
#pragma simd or #pragma omp simd | !DIRS SIMD or !SOMP SIMD | Ignores all dependencies in the loop
#pragma ivdep IDIRS IVDEP Ignores only vector dependencies (which is safest)
Read More:

Optimization




AHann3 3aBUCUMOCTEN

« M Where should | add vectorization and/or threading parallelism? I

Summary M ISR L Refinement Reports & Annotation Report i Suitability Report

Intel Advisor XE 20146

Program time: 12,825 | | Vectorized Mot Vectorized FILTER: | All Modules

| All Sources W =y

Compiler Vectorization
Function Call Sites and Loops Self Timew | Total Time & % | Trip Counts —
Loop Type Why Mo Vectorization?
i-M [loop at Multiply.c:33 in matvec] 0.047= | 00497 ] 3 Vectorized (Body)
ir[loop at Multiply.c:33 in matvec] 0.413s| 04131 ] 1m Scalar
=M [loop at Multiply.c:45 in matvec] 0.109z | 12373 @1 Collapse Collapse
- [loop at Multiply.c:453 in matvec] 0.078s| ng3-mm [ 12 Vectorized (Body)
ir[loop at Multiply.c:45 in matvec] 0.031s| 0.444<| ] 2 Remainder

[loop at Driver.c:146 in main]

2.1 Check Correctness
Identify and ex op-carried dependencies I_I po Be p Ka H a pean b H bl e

for marked loc he reported problems.

[ 1[=] 3aBUCMMOCTU

Command Line

vector dependence prevents vectoriza ...

KoMnnnatop nogospesaeTt
3aBUCMMOCTMU




PeanbHO cyllecTByOLWME 3aBUCMOCTH

Correcthess Report

IO & Type aite Marne SOUFCES Modules =tate

P B Parallel site information loop_site_&  rmain.cpp test_l.exe o Mota problem
P3 @  Read afterwrite dependency loop_site 6 criexe.c; raincpp test Texe P Mew

P4 @ \Write after write dependency loop_site_6  criexe.c; main.cpp test_lexe B Mew

U Mewny

WWrite after read dependency |loop_site_b | criexe.c; main.cpp

D Description Source Function kodule State
=317 Read main.cppi2? rmain test_lexe P Mews
20 k += a[9]:
zZ1 E *= a[&]:
2z k -= a[7]:
23 E += a[6]:
24 kE *= a[5]:
=318 Read main.cppi2d main test_lexe P Mew
zZ1 kE *= a[&]:
22 E -= a[7]:
23 kE += a[6]:




1.

@
2]
)
()

AnarHoctuka SIMD yuknos

3
Time  Time

3. AHanu3 3aBUCUMOCTeNn

Type ite N Source Modules

Parallel site informati it est2.c ./I‘-lotapmblenf

Read aft: 2 endency Y, est2.c t RNr-w
Read after write dgtest2.cpp dqtest2

u-- R

L]
@
@

Wiite after w dency st c Pe New
Wiite after read dependency  site2 est2.cpp t Pe New
Wiite after read dependency

2. PekomeHpauum

& P |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 ai

Recommendation: Align memory access

Projected maximum performance gain: High

Projection confidence: Medium

The compiler created a peeled loop because one of the memory accesses in the source loop does not
start at a data boundary. Align the memory access and tell the compiler your memory access is aligned.
This example aligns memory using a 32-byte boundary.




LLIabnoHbl 4OCTYMNA K NaMATU

Unit-Stride access

for (i=0; i<N; i++)
A[i] = C[i]*D[1i]

Optimization
11



LLIabnoHbl 4OCTYMNA K NaMATU

Unit-Stride access

for (i=0; i<N; i++)
A[i] = C[i]*D[1i]

Constant stride access
for (i=0; i<N; i++)

point[i] .x = x[i]

Optimization
11



LLIabnoHbl 4OCTYMNA K NaMATU

Unit-Stride access

for (i=0; i<N; i++)
A[i] = C[i]*D[1i]

Constant stride access
for (i=0; i<N; i++)

point[i] .x = x[i]

Variable stride access < oy
for (i=0; i<N; i++)
A[B[i]] = C[i]*D[i]

Optimization
i 1]



AHanmn3 wabsoHOB A0OCTYMNa

| Where should | add vectorization and/or threading parallelism? &

Surmnmary ¥ SISl #° Refinement Reports  # Annotation Report | Suitability Report

Elapzed time: 8,325 || Wectorized Mot Vectorized FILTER: | All Modules “ | | All Sources h

Function Call Sites and Loops Self Timew Total Time Loop Type

Yectorization?

1) ‘ o Vector lssues

Why Mo }

=Y [loop at fractal.cpp:179 in <lambdal>zop ...

@ [loop at fractal.cpp:179in <lambdal>:o..
i+ [loop at fractal.cpp:179 in <lambdal>:o ...
i+ [loop at fractal.cpp:179 in <lambdal>:o ...
i+ (O [loop at fractal.cpp:177 in <lambdal>:oper...
£

‘¢ 4 High vector ...  0,013s| 12,0205 I Collapse
®  Serialized use.. 00131 11,281 1 | Vectorized (Body)

Collapse

Boigensaem nHtepecytouime
EREE Hac UMK

2.2 Check Memory Access Patterns

Identify and explore complex memory 3a n yc KaeM aHaJ/1n3

accesses for marked loops. Fix the

reported problems. Lua6.nOHOB ,EI,OCTyI'Ia

o 1[=]

Command Line




LLlabnoHbl gocTtyna Unit/Constant/Variable

Site Mame Site Function Site Info Loop-Carried Dependencies | Strides Distribution | Access Pattern &
loop_site_133  grid_intersect grid.cpp:559 Mo information available 23BN TEET Mixed strides
loop_site_131 grid_intersect grid.cpp:581 Mo information available O 21EEEESEE 1ixed strides
loop_site_143 | grid_intersect grid.cpp:362 Mo information available 2196/ 4% /755 Mixed strides
loop_site_135 | initialize_2D_buffer find_hotspots.cpp:92 Mo information available 42% /086 ) 58% | Mixed strides v
Memory Access Patterns Report
D Stride Type Source & Madules Alignment "
P17 8 Constant stride intersect.cpp: 141 find_hotspots.exe
=P19 “ 8 Constant stride intersect.cpp: 141 find_hotspots.exe
135
140 intatruct->numt+; ) " "
141 intstruct->list[intstruct->num] .ock] = ob]j: COﬂStant St”de, Array Of StrUCtu res
142 intatruct->list[intatruct->num].t = t;
143 } 5 .
FHPT. 0 Unit stride Unlt Strlde aCCess d_hotspots.exe
P1. 0 Unit stride intersect.cpp: 141 find_hotspots.exe
P2, -8 -2 1 20 L Variable stride .
©p2. 8201 2: .. Variable stride Variable or random access
P21 4 Constant stride intersect.cppi 142 find_hotspots.exe




..
BAYNCORE( inteD

Improving vectorization: data layout

Reminder from “Best practices for Vectorization” talk

Vectorization more efficient with unit

Array of Structures vs Structure of Arrays

strides
* Non-unit strides will generate gather/scatter | =~~~
* Unit strides also better for data locality } Cr;[m X Yooz
e Compiler might refuse to vectorize N
. ( !twf?u[l]xri‘[l]y crdlil.z);
Consecutive elements in memory —————
AoS vs SOA x0 yO z0 x1 y1 z1 ... x(n-1) y(n-1) z(n-1)
* Layout your data as Structure of Arrays (SOA) .
Traverse matrices in the right direction [T
e C/C++:a[i][:], Fortran:a (:,1i) o
* Loop interchange might help e
* Usually the compiler is smart enough to apply it Consecutive elements in memory >
* Check compiler optimization report X0 x1 .. x(n-1) yO y1 ... y(n-1) 20 71 ... z(n-1)

48



ROOFLINE PERFORMANCE MODEL

- TECHNOLOGY LANDSCAPE
- ROOFING A HOUSE

Available since Intel® Advisor 2017 Update 2

Accessible since Intel® Advisor 2017 Update 1 (experimental feature)
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http://www.inesc-id.pt/ficheiros/publicacoes/9068.pdf

Roofline Automation in Intel Advisor 2017 Update 1-2

Performance (GFops/sec) & |§| - x -
Roof Name Visiblle  Selected
4414541 " (| DRAM Bandwidth
Each Roof (slope) hd 1 11 Bardhith
Gives peak CPU/Memory throughput L2 Banduith g
L3 Bandwidth ]
of your PLATFORM (benchmarked) -
Scalar Add Peak (]
SP Vector Add Peak
DP Vector Add Pesk O O
5P Vector FMA Peak
Each Dot DF Viector FMA Peak O O
represents loop or function in : :
Loop Weight Represertation Cancel Default

Size Color Visible

YOUR APPLICATION (profiled)

+ @ 4 areen

- | Threshold Value |0.2 %

+ O 5 yellow
- Threshold Value |2 %
+ . 8 red
0.0015
Seff Tme: 10918 Total Time: 10.918s (

Source | TopDown | Loop Analytics | Loop Assembly | & Rec o empid ©  INteractive mapping to source and performance profile

= sul ¢ Synergy between Vector Advisor and Roofline: FMA example

4399 for (i_ =1:; i_ <=1_2; ++i_)

m aali_ + 1 * aa diml] += bb[i__ + i * bb_diml] * celi_ \ ° Customizable Chart

* cc diml];
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Roofline model: Am 1 bound by VPU/CPU or by Memory?

128 — A
64
g 3
§. ) peak floating-point performance
: 16 \S\gun' T
=
% 8 = o |
o
g w T o |
k] 4 2 | - n Fl r wn
5 2 | =4 T 1 S
33 [T} ~
9 E Z 5l
B Y oy
. 25 H Q
[ TE ]
SE, &8, e
o - O
1/4 112 1 2 4 8 16

Operational Intensity (Flops/Byte)

What makes loops
A, B, C different?

Optimization Notice
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Am | bound by VPU/CPU or by Memory?
ROOFLINE ANALYSIS

A

GFlop/s

ﬁop /byte

Optimization Notice
Copyright © 2015, Intel Corporation. All rights reserved

*Other names and brands may be claimed as the property of others.



Advisor
“Cache-aware”
Roofline

Al = #FLOP/#Byte

2 Compute bound
(s}

%» d—,"’ A
g &

£ e

$ &

g &

o« A

H o

» >

£ 3

8 9

2 @

Arithmetic Intensity, FLOP/byte

Optimization Notice
Copyright © 2015, Intel Corporation. All rights reserved.

Perfformance (GFlops./sec)

4.4180e+1

3.0205e-2 -

0.0027
Seff Time: 0.346s  Total Time: 0.346 s

0.7636
Arthmetic Intensity (Flops./byte)

Source  TopDown  Loop Analytics  Loop Assembly & Recommendations @ Compiler Diagnostic Details

Line Seurce TotaITime| % | LoopTime| % | Traits "
5200 for (i =2; i <=1i_ 2; ++i_) 0,054s 0,3465

B201 {

5202 ali_ ] =aal[i__ + 3 * aa_diml] - a[i__ - 1]: 0,151s |

*Other names and brands may be claimed as the property of others.




Cache-Aware vs. Classic Roofline

Al = # FLOP / # BYTE

Al_DRAM =
128 =16 MAD. (Peak Performance F,)
L i ADD/MUL
# FLOP/ # BYTES (CPU & Cache <> DRAM) z - &«s»?ﬂ‘jj';?;‘;_‘__;:_;__‘__;_‘__;i_;i_f_;:;
élz ‘\30““:.."0-‘;0000000.00
“DRAM traffic” (or MCDRAM-traffic-based) g o ";\4;%13"; T
|
- Variable for the same code/platform (varies with dataset size/trip count) £ u.;/q . TR
0.25p#- @14t M APP:D -
- Can be measured relative to different memory hierarchy levels - cache RO RO Cperaiona imensty [FlopsDRAM Byl

level, HBM, DRAM

Al_CARM =

ADND/MUL
# FLOP / # BYTES (CPU & Memory Sub-system) i
i}
- “Algorithmic”, “Cumulative (L1+L2+LLC+DRAM)" traffic-based g
E
8 y
- i i i i g osl |o O APP-L1(Cache-aware)
Invariant for the given code / platform combination £ of L ; i::ibg}iﬁ?;:iﬁﬁfl.am,
_ Typlcally Al_CARM < Al_DRAM 0.0078125  0.0625 D.5° ra'nn;tl nsi SEIO B, 256 2048 16384

Optimization Notice
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Bytes and FLOP/S in Intel (a ka "vector”) Advisor

Intel Advisor: “Cache Aware” Roofline automation
* #FLOP, seconds, Bytes and IP/RVA mapping put altogether

* Break-down by application phases, loops and functions
* Give FLOP/s from NHM to KNL even if counters do not exist

* Measure L1 <-> Register traffic: what CPU demands from memory
sub-system to make a computation

* Cumulative traffic through L1/L2/LLC/DRAM/MCDRAM




Advisor Roofline: under the hood:

FLOP/S = #FLOP (AVX-512 mask aware) / #Seconds.
Al = #FLOP / #Bytes

User-mode Ferfomance (GFLOPS) Microbenchmarks
sampling 10 = 3P Vectar FMA Peak: 449 8 Actual peak for the
"~ DP Meftor FMA Peak: 2

- 50 e 2| Pt 1106 CRLOPS current configuration
100 DF Verige#da Peak: 56.21 GFLOFS

Root access not
needed

Sgalar Add Pesk: 14.05 GFLOPS

10
Arithmetic Intensity (FLOP byte)

Binary Instrumentation Binary Instrumentation
Does not rely on CPU Counts operands size (not cachelines)
counters

Optimization Notice
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Mask Utilization and FLOPS profiler

- Long-waiting in HPC: accurate HW independent FLOPs measurement tool

- Not just count FLOPs. Has following additions:

- (AVX-512 only) Mask-aware. Masked-Memory/Unmasked-Compute
pattern aware

- Unique capability to correlate FLOPs with performance data (obtained
without instrumentation). Gives FLOPs/s.

- Lightweight instrumentation, PIN-based, benefits from “threadchecker tools”
and more generally Advisor framework integration.

Optimization Notice
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AVX-512 FLOPS and Mask profiler

Low mask population ->
low performance (in spite
of “high SIMD efficiency”)

Function Call Sites and ] FLOPS : Instruction Set Analysis
= Loops b | Vector s sell Time. | Type GFLOPS v lzat | Gain Esti..| VL | Traits
" [loop in 2711 at loops90.£:16.., [l 0,010s1  Vectorized (Remainder) 0,8000 0,1000 q 16 FMA
5 [loop in 5232 at loops80.f:1172] [1 92 ineffective peeled/r..  0,171s) Vectorized Versions 1,640 0,0968 16 Blends; Divisions; Extracts; |
5 [loop in 5116 at loops90.£:257] [ @ 1Ineffective peeled/r... 0,005 Vectorized (Body; Remainder) 4951 Unpacks
5 [loop in 5174 at loops90.£:763] [1 @ 1Ineffective peeled/r..  0,080s| Vectorized (Body; Remainder) 12310 » Unpacks
EI® [loop in 5173 at loops90.£:7... | W | ® 1 Ineffective peeled Vectorized (Body; Remainder) 11110
5 [loop in 5132 at loops90.f:624] [1 @ 1Ineffective peeled/r..  0,010s| Vectorized (Body; Remainder) LLV0) ) — 0,0833 _] AVK512 (11.70x 16; FMA
" [loopins121 at loops30£:324] [ | @ 1Ineffective peeled/r...  0,020s] Vectorized (Body: Remainder) 49503 0,0833 _] AVX512 147« 16 Unpacks
" [loapins151s at loops90.£:600]  [] | @ 1Ineffective peeled/r...  0,020s| Vectorized (Bady: Remainder) 49503 0,0833 _] AVKEZ 147 16 Unpacks
" [loopins131 at loops30£521] [ 0,020s| Vectorized (Body) 48080 0,0333 [0 avxsn2 4% 2
" [loop | - ' - Remai 24503 0,083 BEe a2 125 16 Unpacks
" loo 16400 0,0833 B | avxsn2 125 16 Unpacks
" log aower A A A 14000 0,0833 BEe . Javsi 125 16 Unpacks
" loo 0,7970 0,0833 [ AVX512 S5 16 FMA
oo ® ~ . M) - A ~ ~ ‘;'U,'MT-: I AVKRZ % 16 2-Source Permutes; Gather
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Getting FLOP/S in Advisor

FLOP/S Seconds #FLOP
= #FLOP/Seconds - Mask Utilization
- #Bytes

Step 1: Survey
- Nonintrusive. Representative J
- Output: Seconds (+much more)

Step 2: Trip counts+FLOPS
- Precise, instrumentation based
- Physically count Num-Instructions \/
- Output: #FLOP, #Bytes

Optimization Notice
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Why Mask Utilization is Important?

100%
for(i = 0; i <= MAX; i++)

c[i] = a[i] + b[i]; #FLOP (MAX = 8) 8

afi+7] alfi+6] a[i+5] | afi+4] "ali+3] N2y (a[i—'r'lj [ )
+ +

bli+7] b[i+6] b[i+5] = bli+4] “b[i+3]" BejiF2] ro[i—'r'!j / )

cli+7] c[i+6] c[i+5] | c[i+4] Fc[i+3] BeliF2] (g[]—:—‘!] ‘ cli| /]

Optimization Notice
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Why Mask Utilization Important?

3 elements suppressed

for(i = 0; i <= MAX; i++) - .
"4 (cond(i)) Mask Utilization = 5/8

c[i] = a[i] + b[i];

62.5%

o
=

#FLOP (MAX = 8): 5

cond[i]

21[1] J
o] J
il J

ali]

bli]

clil

.‘.+.
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Advisor Memory Access Pattern (MAP):
know your access pattern

Unit-Stride access

for (i=0; i<N; i++)

A[i] = C[i]*D[i]

Constant stride access
i<N; i++)

point[i] .x = x[i]

for (i=0;

Variable stride access
i<N; i++)
A[B[i]] = C[i]*D[i]

for (i=0;

Optimization Notice

Copyright © 2015, Intel Corporation. All rights reserved.

Site Location

‘Loop-[arriedDependencies ‘StridesDistribution |AccessPattern

Site Name

[loop in fPropagationSwap at IbpSUB.cpp:1247] No information available

33% IFHIGEA \vixed strides

loop_site_60

blue color: vellow red color:
fraction of unit stride “fixed" stride fraction of irregular (variable sfride) accesses
accesses accesses rafio
Memory Access Patterns Report
Type Source |Site Name |Variable
16% /84% /0% Mixed strides " I
[@ 16%:percentage of memory instructions with unit stride or stride 0 accesses
1247 for (int mw=1; m<=half; m++) | Unit stride (stride 1) = mstrL!ction accesses mermory that consistently changes
1248 nextz = £CppMod (i + lbv[3*n] b}r. one flement From iteration to iteration ) ) ) )
§ Stride 0 = Instruction accesses the same mermory from iteration to iteration
1245 nexty = fCppMod(j + lbv[3*m+ ] . . ] )
_ @ a4 percentage of memeory instructions with fixed or constant non-unit
1250 nextz = fCppMod (k + lbv[3*m+ ctride accesses
®p11 @ 01 Constant stride (stride M) = Instruction accesses memaory
by M elements from iteration to iteration
=P12 -289559; -274359} -l4477) -13717; -13579} 723,’ 302519,’ Example: for the double floating point type, stride 4 means the memory
1251 Hlnsse = (e © W & oo address accessed by this instruction increased by 32 bytes, (4*sizecf(double))

1252 fifndef SWAP OVERLAP
1253  fowapPair (lbf[il*lbaitelength + l*lbsy.:

with each iteration

@M 0% percentage of memory instructions with irregular (variable or random)
stride accesses
Irreqgular stride = Instruction accesses memory addresses that change by an
unpredictable number of elements frem iteration to iteration
Typically observed for indirect indexed array accesses, for example, a[index|i]]

fH - gather (irreqular) accesses, detected for v(p)gather” instructions on AVX2
Instruction Set Architecture

*Other names and brands may be claimed as the property of oth



Advisor 2017: AVX-512 specific performance insights

~65%

219X m== |

Vectorization Efficiency

Vectorization Gain

Native AVX-512 profiling on KNL ? e
n profiler

o---

@ Program metrics
Elapsed Time: 17,145
Vector Instruction Set: A2 AVX512

Nunnber of CPU Threads: 1

(¥ Loop metrics
Total CPU time o S 100
Time in 16 vectorized loops 4775 . 0%
T — = = = Timeinscalar code 12.20: I 70
(%) Vectarization Gain/Efficiency”
Vectorized Loops Gain/Efficiency 4 14y ey ]
X Program Theoretical Gain 1,88

Precise FLOPs and Mask Utilizati

Instruction Set Analysis

1
" FLOPS And AVX-512 Mask Usage Vectorized Loops
H 1] H " ] GFLOPS Al Mask Utilization Vector... | Efficiency Gain Estim... | VL (... | Traits
° -
AVX 5 1 2 Ad vices an d Tra‘ l ts 1 100,0% | )| avxs12 | 17.50 FMA; Mask Manipulations
,' 0,856 00809 | 97,7% SEEEEEE |AVX512 17,69 168 | FMA: Mask Manipulations
I 0,455 0,1398 | 89,6% Do | AVX512 14.41x 16:8 | FMA: Mask Manipulations
° A N d more.. I 0,234 01472 100,0% == Appr. Reciprocals(AV-512ER); Expone...
I 01483 0,1429 FMA
: 00850 0,0722 401% 3 FMA; Square Roots: Type Conversions
. Performance Summary for AVX-512 codes 00910 00208 FMA
0,0740 0,1429 FMA
. AVX-512 Gather/Scatter Profiler
2 1 g S Traits
" 2.5 Permut
® N O access to AVX- 5 1 2 H a rd Wa re yet? Vectorized (Body) Total time Divi:::: ermes
AVX512ER_512; 1.28s FMA
Gathers™

* Explore AVX-512 code with —axcode flags and

new Advisor Survey capability!

Optimization Notice
Copyright © 2015, Intel Corporation. All rights reserved.

AVX512F_512 ='me

Instruction Set

» Memory 24% (46)

» Compute 38% (72) I

o Other  38% (71) D
Instruction Mix Summary

Mask Manipulations
Reciprocal CPs(AVX-512ER)
Scatters™

Square Roots

*Other names and brands may be claimed as the property of others.



Gather/Scatter Analysis
Advisor MAP detects gather “offset patterns”.

Stride | Operand Type = |

Operand Size (bits): 64
Operand Type: ink*1
Instruckion wWidkh: 1
Memory access Fookprink: 86

~ || % Gather details

Pattern #1: "Invariant™
Instruckion gathers walues From the
same memory throughout the loop
] ) [1] Floated;ink Harizonkal stride: &

werkical skride: M

[A[o] EH[o0] ink;ubwte

;l Mask is constant
Horizontal stride | I 3 Mask: [00000101]
iestoglocnlieseien =S e —— " et o0
# Stride Value Value Corresponding Fix(es)
Vectorized Loop (2 vector iterations, 16 original scalar iterations) 1 Invariant 0 0 OpenMP uniform clause,
simd pragma/directive,
refactoring
2 Uniform 0 Arbitrary OpenMP uniform clause,
o 0x00 0x04 0x08 0x0C ox10 ox14 ox18 0x1C (horizontal simd pragma/directive
'é invariant)
s 3 Vertical Constant 0 OpenMP private clause, simd
-:_,:) Invariant pragma/directive
g 0x20 ox24 ox28 9x2C ox30 ox34 ox38 Ox3C 4 Unit lor-1 | Vertical Stride | = OpenMP linear clause, simd
Vector Length pragma/directive
5 Constant Constant = X Constant = Subject for AoS -» SoA
X*VectorLength transformation

Optimization Notice
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