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Parallel Programming for Intel’ Architecture"

(or, in general, for normal CPUs)

Cores

OpenMP Cilk plus Threads, locks
vector VecFor i) Intrinsics
loops functions notations

Vectors

Memory,
caches

Performance Blocking
Analysis algorithms
A0S = SoA Directives for Manual layout,

library alignment ugly code

Data layout and
alignment




Los programas que a continuacién se proponen, es un subconjunto del Basic
Linear Algebra Subprogramas I. Su resolucién se ha realizado con distintas
versiones del sistema operativo, compilador gcc y en distintas mdquinas.

1.- Intel i7-4810MQ 2.8 GHz
4 cores, HT, AVX2, FMA, Turbo Boost.

Cache Datos: L1 4x32KB L2 4x256KB L3 6MB. intel‘ inside” EJ

Gcc 4.8.1 CORE’i7 Windows 7/
Windows 7. Opcidn Energia: Equilibrado
2.- Intel Core i5 4200H 2.8GHz

2 cores, HT, AVX2, FMA, Turbo Boost.

( in tel inside” - -

Cache Datos: L1 2x32KB L2 2x256KB L3 3MB. e ..

~ CORE”

Gce 481 15 Windows 10

Windows 10. Opcién Energia: Equilibrado
3.- Intel Core Quad CPU Q9550 2.83Hz

4 cores, sse4.1

Cache Datos: L1 4x32KB L2 2x6MB (intel‘ »
Gee 4.4.0 goge"‘z Windows 7
ua

Windows 7. Opcidn Energia: Equilibrado
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BLAS1 3

Indice.

COPY ettt ettt ettt b b b 5
FCOPY vovveeitrieesteaeie ettt ettt b bbbttt ettt ettt ane 5
SCOPY .ueuirierireeteteieueatts ettt ettt ettt b bttt ettt bttt et ee e 11
COPY oottt 15

SCAl ettt 20
K=ot | OO 20
SSCA ettt 25
ASCAL ..ot 29

o (o) SO 33
TAOT ettt ettt ettt e e et et et re st et et e e ae st et eneenen 33
SAOT ettt ettt ae e aerenas 40
o o (o} NN 47
(o E-Ye (o} AN 51
SASAOT ..ottt enan 55

AIMGX .ovvieeeeeeteetee et e eteeeseeteeteseseesesteseeseetessessessesensenseseesesenseseesensensesesens 59
ZISAMAX vttt et ese et esteeteeseeseeseeseeseessessensensesessesseeseeseereeseeneens 59
SI=AMAX......cvieeeeietieeeecteeteetee et et et eeeteeteseseese et esesseseesessesseseesensenseseesens 64
(o Tt T4 Ve b OO 68

410 ol 1 YZa OO 71
L] (T o 1 V- 71
o Yo ol 1 YA 76
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ASUM ...ttt ete et et ese et e s essese et esseseetesensessesensensessesensenseseesensensereesens 79
IASUM ...ttt ettt ettt et beseebeaeeseseesese s ese s ese s esensesensesenseseneens 79
SASUM .....eieieeeieteetee e ete et esteesesteesaesseesaessesesssensesssesseessasssansasseansessaensens 82
ASUM ..ottt ettt s st s s aene 85

SWAP .ottt ettt sttt et t b st b et be et et b et et s et et senenees 88
ISWAP «.vveeeereteiertetetesetete e et esese st esesesessesasesessesesensesesenensesesenesesesensnsesans 88
SSWAP «.eeveeevietereteteasaesstssesesesesesasssssssssssesesesasasassssssssssesesesesasassnsasssnssesess o1
ASWAP ...ttt 94

AXPY ceveveeenerereneirtesesetesesesetesese st tesese st s esesene s sese et e s e st sesene s eseseneesesenenees 97
IAXPY wvvevenerereneeeseresentesesessesesesessesesessssesasansesesesesesesessssesesassssesesensssesases 97
SAXPY .eeueveveneirieienirteteuetete ettt se et sttt ettt be et et be et et se et senenens 100
AXPY ...ttt aens 103

0T LR 106
Tl ) RS 106
L] o SO 109
o (4o} OO 112

POTIN oottt ettt ettt e et et ereens s eb et e reereeaeene s 115
IPOTIMN ettt ettt eteeteere e easensens et e reereeaeeneas 115
SPOTIM ettt ettt ettt et ae e ere et arenaas 119
APOTIM oottt ettt eae e nees 122
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Copy
icopy

4

void icopy seq(int n, int *x, int *y)

3
4
5 int 1i;
& for (1 = 0; 1 < n; ++1)
7

10
11
12
13
14
15
16
17
18
19
20
21
22

24
25
26
27

29
30
31
32
33

35
36
37
38
39

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
=137
57
58
j=3=)
&0
61
62
63
54
&5

statle weoldd alig icopy sse(int n, 1nt *x, imnt *y, 1int nprel, inkt ovecl)

{

}

statle weold noalig icopy sse{int n, int *x, int *y, int nprol, imt nvecl)

{

}

statle wold icopy sse{int n, 1int *x, imt *y)

{

=

(int dirl = (4int) E&!ZD]]; 1 l

int nproll = 16 - {{dirl==2)%16);
int nvecl = {{{imt)] floor({{double) ( (n-nprocll) /4.0))11==2)+ nproll;
int dir2 = {dnt} {(&y[0]);:
int nprol2 = 16 - {{dir2>=2)%161;
if (nproll == 16} nproll = O;
\1finprol2 == 16} nprolZ = 0O;
i1f (nproll == nprollZ)
alig icopy_ssein,.x,y, nproll, nvecl);

int i; R .
 m128i v x, v a; 1 #include <xmmintrin.h> //SSE
2 #include <emmintrin.hs //SSE2
;fpl_"?lc'gcj’ . ) L 3 #include <pmmintrin.hs //SSE3
arli = U; 1 = npro M A+ N . 1l
yIil = x[i]; 4 #include <smmintrin.hs> //SSE4.1
/ /Cuerpao
for (i = nprol; i = nwvecl; i+=4]}]
v _x = _mm load silZ8({_ ml28i *)&x(ill;;
‘_mm_stc:-re_silzs-.' {_ ml28i *)&y[il,wv_x:x};
1
//Epilogo
for(i = nwvecl; i < n ; i++)

yIil = (il ;

int i;
_ ml28i w_x, V_a;

/ /Prologo
for(i = 0; i « nprol ; i++)
yI[lil = =I[i];

f/Cuerpo
for (i = nprol; i = onwvecl; i+=4){

v x = mm leoad sil28{{ ml128i *)&x[i]);;:
‘ _mm_storeu sil128(( ml128i #*#)&y[i],wv x);
}
S /Epilogo
for(i = nvecl; i = n ; i++}

yI[il = =[il;

aelsa
noalig icopy sse(n,x,y, nproll, ovecl) ;
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BLAS1

statiec weoid alig icopy avxi{int n, imt *x, int *y, int nprecl, int nwvecl)

1

int 1i;

‘ C m256i v x, vy, va; 1 #include <immintrin.hs //AVX

fPrologo
for{i = 0; i < nprol ; i++)
yvIi]l = =x[1i];
J/Cuerpo
for (i = nprol; i < nwecl; i+=8]]
v x = mm256 load =i256(( m256i *)ex[i]);;
_mm256 store si2s6((  m256i1i *)&y[il,v _x);
//Epilogo
for(i = nvecl; 1 « m ; 1i++)
yI[il = x[i];

static weoid neoalig icopy _avxiint n, int *x, int *y, int nprel, int nvecl)
1

int 1i;

__ m2561i v_x, v_y, v_a;

J//Prologo
for{i = 0; i < nprol ; i++)
yvIi]l = =x[1i];
J//Cuerpo
for (i = nprol; i =« nvecl; i+=8]]
v_x = _mm256_load si256((__ _m2561i *)&x[i]]);;
‘ _mm256_storeu si256((_  m256i *)ay[il,v_x);
J/Epilogo
for{i = nvecl; i = n ; i++)
yv[i]l = =[i];

static woid icopy avx(int n, int *x, int *vy)

1

int dirl = (imt} (&x[01); 1
int nproll = 15 - ((dirl==2)%16);
int nvecl = (((int) floor({(double) ({n-nproll)/2.0}}}=<3}+ nproll;
int dirz = (imt) (&y[C]);
int nprol2 = 16 - ((dir2>=2)%16);
if(nprell == 16} nproll = 0O;
if (nprel2 == 16} npreol2 = 0;
if ({nproll == nproll2)
alig icopy avxin,x,y, nproll, nvecl);
else

noalig icopy avxin,x,y, nproll, nvecl);
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BLAS1 7

1

yvI[ii] = x[1i];

e

#include <omp.h>

4 wvoid icopy omp(int n, int *x, int *y)
5

6 int 1i;

7 ) #fpragma omp parallel for

8 for (i = 0; 1 < n; ++1)

9

0

1

@ -1 &y

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

#define min(x,y) (((x)<(y)}) ? (x) : (y))

#include "icopy sse.c"
#include "icopy avx.c"

static void icopy omp sse(int n, int *x, int

{

int i,trozo,ini, fin;
trozo=ceil ( (fleoat)n/ (f£loat)NTHR) ;

‘ fipragma omp parallel private(i,ini,fin)

{

i = omp get thread num() ;
ini:i*trozo? -
fin=min(trozo* (i+1),n) ;
‘ icopy sse(fin-ini, &x[ini], &y[inil);
}
}

static veoid icopy omp avx(int n, int *x, int
{
int i,trozo,ini, fin;

trozo=ceil ( (float)n/ (float) NTHR) ;

‘ #ipragma omp parallel private(i,ini,fin)

i = omp get thread num();
ini:i*trozo? -

fin=min{trozo* {(i+1),n) ;

icopy avx(fin-ini, &ax[ini], &y[inil);
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DDA DMDMDdMDADN

DDA DA DD

AP DdADdDDdMDMDAMDMDdMDAMDASDMDMDD

N

sse

500
1000
1500
2000
2500
3000
3500
4000

3.068681
3.555195
3.796460
4.027294
4.219146
4246184
3.910071
3.262078

8000
13000
18000
23000
28000
33000

1.775762
2.068732
2.150510

2.195744
2.218237
2.207596

38000
43000
48000
53000
58000
100000
175000
25000(

32500(

1.933296
1.706912
1.625907
1.600219
1.605534
1.635841
1.596360
1.549469
1.580373

400000 1.548285
475000 2.173760
550000 1.531451
625000 1.490839
700000 1.432445
775000 1525396

1600000 1.328215

250000
325000
400000
475000
550000
625000
700000
775000
1600000

1.597153
1.555928
1.602966
1.543618
1.569188
1.535213
1.504948
1.485955
1.187150

avx

2.978667%
3.581357
3.683457
4.081068
4261286
4.183720
3.581407
3.329094

1.908893
2.04232¢
2.153798
1.884203
2.103216
2129317

1.879598
1.726851
1.606697
1.615955
1.617607
1.644452
1.600914
1.568976

1.570536

1.541028
2.167386
1.593352
1.567962
1.118873
1.528111

1.275412

1.542670
1.553008
1.626699
1.566500
1.578385
1.404066
1.513630
1.504818
1.489911
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omp

0.003955
0.008963
0.012656
0.016756
0.024171

0.024094
0.029062
0.019849

0.072558
0.106085
0.143382
0.182260
0.241260
0.268835

0.330683
0.397786
0.354687
0.427159
0.500037
0.703744
1.005191

1.214633
1.433238
1.902923
1.413036
1.538267
1.318519

1.827949

1.741654

1134089

1.359027
1.606387
1.583831
1.670609
1.245431
1927220
1.830789

2.375558

omp-sse omp-avx
0.005259  0.005377
0.008720  0.001946
0.010797  0.011255
0.002049  0.009939
0.022804  0.025490
0022537  0.030898
0027253  0.023671
0.018465  0.038343
0073325  0.083954
0.093109  0.106765
0138346  0.139820
0.185354  0.174334
0.230934  0.210606
0.241690  0.218508
0.338530  0.295625
0.342156  0.401750
0.394111  0.359347
0.402807  0.431556
0439188  0.498193
0730898  0.769668
1.178831]  [1.194234
1438569 1446782
1507857 1589479
1.960450| |1.637683
2541180 | |2.571452
1590372| |1.759294
2.167560| |2.541163
2167181 | |2.048183
2.160909| |1.795944
2.023923 |2.055568
1323084 1476284
1747567 1641883
1757136 1815787
1893418 1821046
1926579  2.340924
1757320  1.776029
2.362661]  [2.087594
2399113 | | 2511812
2466479 | 2707739

( |nte| inside™




th paralelo par-sse par-avx
2 500 3,170929 0,006558 0,007286 0,007323
| 22| 1000 3,472381 0,013179 0,017095 0,017846
Z 1500 3,814464 0,010947 0,013152 0,01293
| 2| 2000 4,966557 0,016454 0,027813 0,030972
A1 2500 3,617104 0,046964  0,034867 0,042779
| 22| 3000 3,450619 0,036145 0,032806 0,047544
Z 3500 3,874456 0,039712 0,042154 0,04599
(2| 4000 3,168621 0,035071  0,039079 0,051308
72| 8000 1,911544 0,084436 0,056686 0,076888
A4l 13000 | 2,542896 0,166597  0,202814 0,12751
7| 18000 2,124932 0,186961 0,215129 0,129145
P2l 23000 | 2,237994 0,228131  0,287645  0,289931
2| 28000 1,952013 0,230148 0,308019 0,285531
(72| 33000 | 2,402191 0,362633 0,462818 0,259251
721 38000 1,58754 0,297207  0,394157 0,36242
| 22| 43000 1,530781 0,368821 0,486027 0,490784
Z 48000 | 2,093034 0,561456 0,703775 0,711169
721 53000 1,95948 0,504974  0,625849  0,638028
V2| 58000 | 2,243772 0,675974  0,892505 0,875095
Z 100000 | 1,731284 0,735864 0,851581  0,746933
72| 175000 | 2,261285 1,083375
(72| 250000 | 2,207516 1,650833  1,935149
721 325000 | 1,916871 1,31882 1,724247  1,749642
721 400000 | 1,534802 1,594194 1,369892 1,734846
»Z1 475000 | 1,361007 1,619016  1,299292 1,631152
(2| 550000 | 2,148061  2,044756  1,106924  1,895393
|| 625000 1,391836  1,452137 1,315637  1,389929
7241 700000 | 1,382206 1,367695 1,293929  1,434509
72| 775000 | 1,769168 1,764572  1,860003 2,05864
4| 100000 | 1,577836 1,853299 0,578321 0,723271 0,805998
4| 175000 | 2,376492  2,299423  1,107256 & 1,624433 1,75382
4| 250000 | 1,952191 2,074723 0,950944 &= 1,573093 1,595221
4| 325000 | 1,749904 1,669536 1,01724 1,827909 1,831662
4 | 400000 | 1,566122 1,46625 1,233237 | 1,813515 1,795477
4| 475000 | 1,417551 1,471758 @ 1,507163 1,876042  1,807037
4 | 550000 | 1,862169  1,884381 2,00172 1,970697 2,481077
41 625000 | 1,377995 1,445781 | 1,481438 1,570155 1,637799
4| 700000 | 1,965608 2,086574 | 2,279337 2,330487 2,291496
4| 775000 | 1,353648 1,428165 | 1,481366 1,55955 1,532064
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th
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

8000
13000
18000
23000
28000
33000
38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000

775000
1600000

paralelo
0,00366
0,007821
0,012541
0,018678
0,022358
0,021399
0,031097

0,0323

par-sse
0,003816
0,008352
0,012011
0,018544
0,025674
0,022302
0,030231
0,029395

0,060064
0,129572
0,138406
0,170985
0,171046
0,228537
0,299302
0,278612
0,367855
0,349724
0,436225
0,467928
0,537298
0,821162
0,849762
0,44084
0,617689
0,890341
0,976024
0,454641

0,059526
0,138008
0,140221
0,180014
0,231085
0,23771

0,27128

0,277666
0,400587
0,349646
0,508782
0,465677
0,532585
0,735353
0,740722
0,735655
0,461913
0,699461
0,50253

0,466298

0,640132
1,02914

(intel.
Core’2 a
Quad
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scopy
4 4

3 wvoid scopy_seglint n, fleoat *x, float *vy)
4 |

g int i;

[ for (i = 0; i = n; ++1i)

7 y[il = x[il;

g

10
11
12
13
14
15
1le
17
18
19
20
21
22
23
24
25
26
27

static void alig scopy sse(int n, float *x, float *y, int nprol, int nvecl)

int i;

) ni2e v x, v_a;

//Prologo

for(i = 0; 1 = nprol ; i++)
ylil = x[i];

//Cuerpo l.

for (i = nprol; i < nvecl; i+=4){
v X = mm load ps(&x[il);;

m) _mm_store ps(&y[i],v_x);

}

//Epilogo

for(i = nvecl; i = n ; i++)
y[il = x[il;

static void alig scopy avx{int n, float *x, fleat *y, int nprol, int nvecl)

int 1i;
‘_m256 v X, VY, V. a;

//Prologo
for(i = 0; 1 < nprol ; i++)
y[il = x[i];
//Cuerpo l
for (i = nprol; i < nvecl; i+=8){
v X = mm256 load ps(&x[i]);
B) mm256_store ps(&yl[i],v_x);
}
//Epilogo
for(i = nvecl; i <« n ; i++)
yI[il = x[1i];
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I T S T A

DDA DM DD

AP, DdDDdMDPADMDMDdMDAEDMSDMDMLA

N

sse

500

1000(3.680454
1500(3.458409

2000
2500
3000
3500
4000

2.782548

3.581439

3.679113
3.725955
3.764521
3.049088

8000
13000
18000
23000
28000

1.928038
2.071354
2.148229
2.215424
2.221615

33009 2.253448

38000
43000
48000
53000
58000

10000Q 1.523344
175000
25000(

1.985321
1.705495
1.637848
1.525535
1.453100

1.540294
1.555454

325000 1.532363
400000 1.589577
475000 1.586020
550000 1.569091
625000 1.419214
700000 1.563955
775000 1511478

1600000 1.260819

325000
400000
475000
550000
625000
700000
775000
1600000

1.513720
1.487215
1.557652
1.544511
1.508287
1.493525
1.505329
1.282840

avx

2.569054
3.769103
3.267929
3.631301

3.794224
3.743216
3.178787
2.929355

1.943178
2.05333!
2.158287
1.936162
2.182515
2.219257

OIT

1.853558
1.744341
1.316333
1.612370
1.527547
1.501175

1.545279
1573852

1.455486
1.617642
1.574605
1.581364
1.456358
1.617328
1.532859

1.358395

1.565863
1.516737
1.549360
1.568698
1.370709
1.501153

1.389168
1.132312
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omp omp-sse omp-avx
0.004287  0.005049  0.004195
0.008824  0.008518  0.008630
0012908 0013246  0.013674
0014762 0017804  0.016779
0020737 0018726  0.019774
0018284  0.023351  0.021359
0025645  0.023068  0.030061
0028023  0.028260  0.028690
0059991  0.075049  0.081476
0099145 0108176  0.105700
0.135206  0.146273  0.147017
0.196664  0.189417  0.187455
0.204854  0.220119  0.216328
0.262776 ~ 0.257005  0.251099
0316889  0.316243  0.328125
0422200 0396225  0.316220
0443130  0.378043  0.396150
0.368824 0457414  0.386152
0507855  0.395877  0.473819
0663959  0.854633  0.838751
0926394 |1.154129| |1.12757]

1222877 1518480 1486962
1149285 [ 1531155 [1.761399
1366744 | 1818135 |2.007509
1485247 | 2226642 |1.658453
1581790  |2.33945¢ |2.054733
1565135 | 1792554 |2.112182

1686761 |2.304258 |2.740108
1703029 | 2.117079| |2.244655
1664136 [1.96380Q |2.407919
1318066] 1599668 1519593

1361214| 1838419 1789645

1662057 1707527 1794934

1561123| 2024971 1907163

1560805 1896369 1868044

1793331 2.342410 2.223591

2099895  |25033711  2.142060

1835604  |2.247239 2197293

( |nte| inside™
: .




500
1000
1500
2000
2500
3000
3500
4000

2,759511
3,028791
3,627381
5,865638
4,881074
3,7279
3,515232
3,630816

8000
13000
18000
23000
28000

1,90073
3,034552
2,956578
3,359668
2,221659

33000
38000
43000
48000
53000
58000
100000
175000
250000
325000

1,879365
1,583048
1,605934
1,483188
1,715287
1,52444
1,441842
1,974985
1,458951
1,819119

400000
475000
550000
625000
700000
775000

1,362202
1,468481
1,513304
1,409165
1,795685
1,416947

1,574487
1,579128
1,559257
1,453915
1,917596
1,415934

paralelo

0,003416

0,00788

0,011153
0,023026
0,044622
0,023505
0,030768
0,062561

par-avx ‘
0,004174
0,009698
0,018998
0,026359
0,0465
0,01749
0,027953
0,065482

par-sse
0,004178
0,009693
0,013105
0,022435
0,043153
0,028783
0,032477
0,045614

0,0813

0,243489
0,191554
0,361453
0,208678

0,089985
0,271554
0,286057
0,361149
0,306313

0,083662
0,273971
0,280111
0,307285
0,3119

0,261059

0,32922

0,375055
0,390177
0,386725
0,489303
0,508968
0,820998
0,981743

1,345191
1,204453
1,288224
1,32732

1,777914
1,267269

1,206376 1,166167
1,497367 1,534603

0,355368
0,325541
0,376283
0,474078
0,543705
0,604691
0,558645

0,360049
0,382005
0,470417
0,481534
0,6469
0,609539
0,566669

1,678174
1,470277
1,508633
1,666929
2,072554
1,346633

‘ |@ inside™
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8000
13000
18000
23000
28000
33000

38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000
700000
775000

1600000 | 1,032752

paralelo
0,004693
0,007793
0,017069
0,014904
0,019223
0,027904
0,03254
0,029947

par-sse
0,00491
0,007613
0,018904
0,016127
0,018624
0,027847
0,032348
0,029962

0,05613
0,117768
0,133585
0,218256
0,299335
0,320019
0,245518
0,337079
0,251504
0,384409
0,359606
0,591477
0,657469
0,844656
0,533088
0,813084
0,799934

0,90231
0,766045
0,755882

0,060412
0,112363
0,135568
0,237826
0,279027
0,327277
0,256225
0,328153
0,333881
0,426811
0,323627
0,730023
0,440221
0,889085
0,608499
0,90985

0,626983
0,59192

0,574661
0,805577

0,641595

(intel.
Core’2 a
Quad

0,744484
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BLAS1 15

dcopy

void dcopy seqg(int n, double *x, dcn.gle *y)

{

int i;
for (i = 0; 1 < n; ++1i)
yviil = x[i];

(s JC s A ) I T

10
11
1z
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
i1
3z
33
34
35
i6
37
is
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
3
59
60
61
62
63
64
65

static woid alig_dcopy_sse(int n, double *x, double *y, int nprol, int nvecl)

int i;

‘ _ ml2Bd v_x, v_a;

Jf/Prologo

fer(i = 0; 1 = nprol ; i++)
ylil = x[i];

[/ Cuerpo

for (i = mprol; i = nvecl; i+=2){
v_x = _mm_load pdi&xl[il);;

_ﬁmLﬁtEfe_pdi&y[i],v_xﬁj

S /Epilogo
for(i = nvecl; i = n ; i++)
y[il = x[i];

static woid noalig_dcopy_sselint n, double *x, double *y, int nprcl, int nwvecl)

int 1i;
_ ml28d v x, v_a;

Jf/Prologo
fer(i = 0; 1 = nprol ; i++)
yiil = x[il;
Jf/Cuerpo ‘IL
for (i = mprol; i =« nvecl; i+=2){

‘ v x = mm load pdiax[il];;

‘ _mm_storeu pdl&aylil ,v_x);

J//Epilogo
foer(i = nvecl; i = n ; i++)
yI[il = x[i];

static void decopy _sse(int n, double *x, double *y]

int dirl = {imt) i&x[c]j;l «l

int nprell = &8 - ((dirl=>3)%8);
int nvecl = ((({int] floor((double) { (n-nproll)/2.0}})<<1)}+ nproll;
int dir2 = (imt) (&y[0]);
int nprel2 = B8 - ((dir2=>3)%8);
if (nproll == B) mproll = 0;
if {nprolz == B) mprol2 = 0;
if (nproll == nprolz)
alig_dcopy_sse(n,x,y, nproll, nvecl);
else

noalig dcopy_ssein,x,y, nproll, nwvecl);
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15

15
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
43
50
51
52
53
54
55
56
57
58
59
60
61
62

statie vold alig_dcopy_avxi(int n, double *x, double *y,

{
int i;
‘ __m256d v_x, vV_y, v_a;

/ /Prologo
for(i = 0; 1 <« nprol ; i++)
yI[il = =[i];
//Cuerpo l
for (i = nprol; i « nwvecl; i+=4){

v x = mm256 load pdl&x[i]);
_mm256_store pdiay[i],v_x);

}

//Epilogo
forii = nvecl; i <« n ; i++)
yI[i]l = =x[i];

}

statiec vold noalig_dcopy_avx(int n, double *x,

{

int i;

_ m256d v _x, v_y, V_a;

/ /Prologo

for(i = 0; i « nprol ; i++)
ylil = =[i];

//Cuerpo

for (i = nprol; i = nwvecl; i+=4){
v_x = mm256_load pd{&x[il]);

_mm256_storeu pdisy[i],v_x);

}

//Epilogo
forii = nvecl; i =« n ; 1++)
yI[i]l = =[i];

}

statie veold decopy avx({int n, deouble +*x,

{

double *v)|

int dirl = {dnt) (&x[0]);
int nproll = 8 - ({dirl==3)%8);
int nvecl = ({{int)

g

int dir2 = (4int}
int nproli = 8 -

(&y[0]1);
((dir2==3) %8) ;

ifinproll == 8) nproll = 0;
1finprol2 == 8) nprolz = 0;
if (nproll == nproll)
alig decopy avxin,x,y, nprocll, nvecl);
else

noalig dcopy_avxin,x,y, nproll, nvecl);

Clemente Rodriguez, Marcos Ruiz

int nprel, int nvecl)

double *y, int nprol, int nwvecl)

floor({ (double) ( (n-nprell) f4.0)) ) <<2)+ nproll;
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C Co 0o 0O 00 0o 0o

N

sse

500
1000
1500
2000

1.936597
1.810353
1.841346
1.607605

2500
3000
3500
4000
8000

13000

1.221178
1.143797
1.114764
1.145927
1.093135
1242104

18000
23000
28000
33000
38000
43000
48000
53000
58000
10000d

175000

1.186684
1.154166
1.094462
1.080951
1.041691
1.085357
1.076835
1.084767
1.128884
1.064998
1.073255

250000 1.050083
325000 1.069244

400000 1.013572
475000 1.154572
550000 1.012223
625000 1.059496
700000 1.027836
775000 1.042235
1600000 1.037392

400000
475000
550000
625000
700000
775000
1600000

1.020998
1.125989
1.038512
1.021968
1.116424

1.078407
1.093299

avx omp omp-sse omp-avx
1984375  0.004964  0.005621  0.004373
1.845969|  0.009676  0.009923  0.008084
1910542 0013537 0013329  0.013330
1538681] 0017456 0017716  0.018248
1195986 0026853  0.020111  0.029278
1160394| 0.030605 0028494 0030315
1116470 | 0035743  0.032082  0.039493
1147613 | 0.050361 0037472 0038728
1212534 0076910 0071198  0.072064
1247849 0105613 0116338  0.129984
[194310| 0211096  0.219884  0.174964
1146907| 0255756  0.255546  0.259877
1027315 0335130  0.283670  0.362523
1019003 0360949  0.347764  0.327393
1036313| 0395022  0.402124  0.364380
1142311 | 0474496 0447626  0.495391
1042364 0.469867 0613349 0556224
1082809 0542682 0553429  0.664817
1138391| 0635857 0638978  0.690246
1077885 0.873460  0.891095  0.883754
1080767| |108018% (1124272  1.099620
1040330] 1188114  [1200799] 0.987307
1091074 1440675 [1.423125] | 1655184
1058726 1464848  |1505119 | |1.507761
0991334 1630795  |1.723203| |1.793848
0967739 1414647  |1.445245| |1.469199
0.996636 1503949  |1.574771| |1516574
0992946 1453459  |1562184| 1595559
1086717 1595807  |1.723584| |1.650584
1042642 1405261  [1673527| [1.880507
0835904 1193186  [1516546|  |1614462

1118240 1917817 2.058287 2.051958

0.995342 1.47322(Q 1594398 1.833537

0992925 | 1857015  [1939610|  [1977166

1103595  |1846663  [1.927872|  |1.907542

1026919 | 16509711  |1.819266| |2.036654

1113734 2.090454 2.085236 2.154170
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500
1000
1500
2000

1,976898
1,732199
1,846792
1,650703

2500
3000
3500
4000
8000
13000

1,14836
1,152819
1,115838
1,142204
1,095202
1,232046

18000
23000
28000
33000
38000
43000
48000
53000
58000
100000
175000

1,118323
1,149881
1,082235
1,06052

1,060427
1,123658
1,076178
1,008347
0,95528

1,003257
1,068152

250000
325000

1,024836
1,05405
0,95753

1,034132

1,029317

1,045599

1,065995

1,150008

1,050815
1,039424
1,019192
1,028086
1,039964
1,157529

paralelo
0,00294
0,009849
0,017267
0,023509

par-sse
0,005425
0,011842
0,01775
0,024399

par-avx
0,007328
0,011893
0,017811
0,024514

0,030883
0,037975
0,052245
0,050418
0,096901
0,135228

0,03736
0,04425
0,054084
0,061689
0,11133
0,159912

0,027089
0,044726
0,047314
0,054622
0,112297
0,164095

0,171444
0,293043
0,323656
0,343678
0,403027
0,465793
0,399825
0,486452
0,436891
0,571428
0,8268

0,203154
0,327171
0,356698
0,376552
0,443352
0,514714
0,437859
0,522122
0,433026
0,612965
0,883954

0,216503
0,330178
0,355666
0,375818
0,431126
0,517741
0,399236
0,524003
0,442638
0,622486
0,935499

1,093661

1,059062
1,255731
1,179379
1,181467
1,275084
1,474691

1,070312

1,091958
1,27658
1,200411
1,240683
1,236041
1,54141

( i ntel! inside”
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paralelo
0,004763
0,010161
0,012273
0,018577

par-sse
0,004978
0,010465
0,014216
0,019828

2500
3000
3500
4000
8000
13000
18000
23000
28000
33000
38000
43000
48000
53000
58000
100000
175000
250000

0,036676
0,035295
0,059988
0,050283
0,113692
0,187191
0,220469
0,355301
0,490545
0,360375
0,397974
0,363733
0,567024
0,54173

0,348682
0,617757
0,440275
0,828185
0,547129

0,036323
0,035949
0,059301
0,044968
0,10546

0,20365

0,23735

0,376065
0,474156
0,404419
0,416342
0,581296
0,568858
0,541301
0,370324
0,472796
0,555841
0,77736

0,624309

0,654623
475000 | 1,05063
550000 [ 0,99765
625000 | 0,964298
700000 | 1,003916
775000 [ 0,98377

0,681223

1,407229
1,346522
1,585859
1,610126

Core'2
Quad

(intel.
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BLAS1 20

Scal
iscal.
1 //#include "var.h"
2 | 4 4
3 static void iscal seqg(int n, int a, int *x)
4 |
5 int i;
6 for (i = 0; i < n; ++1)
7 x[i] = a*x[i];
8

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

static void alig iscal sse(int n, int a, int *x, int nprol, int nvecl)
int 1i;
~ ml28i v x, v _a;

//Prologo
for(i = 0; 1 < nprol ; i++)
x[1] = a*x[1i];
//Cuerpo
v a = mm setl epi32(a);
for (i = nprol; i < nvecl; i+=4){
v_x = mm load sil28(( ml281 *)&x[i]);
m) v_x = _mm_mullo epi32(v_a,v_x);
~mm_store sil28(( ml28i *)&x[i],v x);
}
//Epilogo
for(i = nvecl; 1 < n ; i++)
x[i] = a*x[i];

34
35
36
37
38
39
40
41
42
43

static void iscal sse(int n, int a, int *x)

{
int dirl = (int) (&x[0]);
int nproll = 16 - ((dirl>>2)%16);
int nvecl = (((int) floor((double) ( (n-nproll)/4.0)))<<2)+ nproll;
if (nproll == 16) nproll = 0;

alig iscal sse(n,a,x, nproll, nvecl) ;




BLAS1 21

10 static void iscal omp (int n, int a, int *x)

11 {

12 int i;

13 #pragma omp parallel for 1 #include <omp.h> ‘
14 for (1 = 0; i < n; ++1)

15 x[1] = a*x[i] ;

16

17 }

18

19 static wvoid iscal omp_ sse (int n, int a, int *x)
20 {

21 int i, trozo,ini, £fin;

22

23 trozo=ceil ( (fEloat)n/ (£Eloat) NTHR) ;

24

25 #pragma omp parallel private(i,ini,fin) firstprivate (a,n,trozo)
26

27 i = omp get thread num() ;

28 ini=i*trozo;

29 fin=min(trozo* (i+1) ,n) ;

30 iscal sse(fin-ini,a, &x[inil) ;

6 static void alig iscal avx(int n, int a, int *x, int nprol, int nvecl)
7 |
8 int 1i;
1? _ m2561 v.x, v_a; 1 #include <immintrin.hs //AVX
11 //Prologo
12 for(i = 0; 1 <« nprol ; i++)
13 x[1i] = a*x[i];
14
15 //Cuerpo
16 v_a = mm256 setl epi32(a);
17 for (i = nprol; i < nvecl; i+=8){
18 v X = mm256 load si2B6(( m2561 *)&x[i]);
19 ‘ v_x = mm256 mullo epi32(v_a,v_x);
20 _mm256 store si256(( m2561 *)&x[i],v xX);
21 }
22
23 //Epilogo
24 for(i = nvecl; 1 < n ; 1i++)
xX[1i] = a*x[1];

28 static void iscal avx(int n, int a, int *x)

29

30

31 int dirl = (int) (&x[0]);

32 int nproll = 16 - ((dirl>>2)%16);

33 int nvecl = (((int) floor((double) ( (n-nproll)/8.0)))<<3)+ nproll;
34

35 if (nproll == 16) nproll = 0;

36

37 alig iscal avx(n,a,x, nproll, nvecl);
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N

500

1000
1500
2000
2500
3000
3500
4000
8000

13000
18000
23000
28000
33000
38000
43000
48000
53000
58000

100000
175000
250000
325000
400000
475000
550000
625000
700000
775000
1600000

sse

avx

P,450479
P 567892
A,377676
P,583017
P, 761473
A,681723
626229
3,150265
P, 723679

P,534609
P,5762564
3,731185
P,547399
P,554763
P,533272
P,330823
P,565668
P,44689
P,5642564

P,320869
P,189118

P,093406
P,152887
P,236162

4,630769
4,794118
3,087347
4,849822
5,157434
9,092799
5,189845
6,301273
5,358612

3524688
3,498235
5,151412
3,51366
3,562641
3,384197
3,234356
3,492594
3,379527
3,523811

2,672785
1,8683
2,452184
2,48105
2,587881

2,080252
2,064453
2,107032
2,185817
1,534847
1,852318

2,434529
2,315051

2,373171

2506727
1,802454
2,251696

omp

0,004627
0,010412

0,026494
0,015882
0,028942
0,044794
0,029725
0,063545
0,080546

0,115745
0,161333
0,333616
0,24164
0,262502
0,314402
0,31512
0,458828
0,412035
0,465259

0,730621

100se7]
1,005671

1,220579
1,27512
1,260497
1,543429
1,422059
1,48679
1,65259
1,820483
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omp-sse

0,00521
0,011025
0,019237
0,017358
0,034377
0,048235
0,03014
0,06479
0,083069

0,096797
0,158524
0,291005
0,215888
0,289186
0,367552
0,314295
0,411507

0,407401
0,465014

0,725424

omp-avx

0,004659
0,009591
0,024532
0,018984
0,027788
0,046697
0,031826
0,071282
0,0785

0,14458

0,166306
0,30242

0,301322
0,303829
0,342944
0,337215
0,410979
0,420204
0,490345

0914142

11,216816|

11,305967

1,387922
2,023724
2,361952
2,250971
1,744811

1,713751
2,199682
2,352546

2,622981
3,304083
2,65213

3,118804

2,711744
2,15351
2,876465
3,750451
3,050269
3,470367
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th paralelo  par-sse par—avx‘
[’} 500 | 2,505429 0,006976 0,007821 0,00783

("} 1000 | 2,568827 0,007606 0,009688 0,009626
["}| 1500 | 2,619805 - 0,01704 0,013216 0,014134
["}| 2000 | 2,616106 5094522 0,01463 0,018474 0,027098
("} 2500 | 2,333527 0,023879 0,021587 0,024137
(7| 3000 | 3,607563 - 0,081812 0,075608 0,09099

("M 3500 | 3,753832 0,045622 0,042707 0,046593
(7| 4000 | 1,91253 0,050595 0,039556 0,050913
|| 8000 | 2,67978 0,089942 0,082683 0,115992
(72| 13000 | 2,441001 0,18356 0,266542 0,161144
[P 18000 | 3,133613 0,239469 0,187394 0,234286
/2| 23000 | 1,611432 0,224652 0,322128 0,333794
2| 28000 | 2,974758 0,405961 0,481392 0,664582
("} 33000 | 2,89681 [5,324537 0,560225 0,78097 0,828861
["}| 38000 | 3,057773 0,430494 0,567679 0,602972
(72| 43000 | 3,006734 -0,514357 0,689047 0,733173
("} 48000 | 1,745467 [2,763688 0,422229 0,578143 0,61917

[7}| 53000 | 1,93936 0,415839 0,464694 0,489861
[7}| 58000 | 2,412715 0,634285 0,806088 0,89981

(72| 100000 | 2,915038 0,623832 0,746441 1,002534
2| 175000 | 2,840057

2| 250000 | 2,617268 1,031244 1,427822 1,544863
2| 325000 | 3,634559 1,643208 2,332277 2,59692

("} 400000 | 2,789091 - 1,398916 2,177236 2,345482
2 475000 | 2,773548 165739 2,737854 3,120337
(72| 550000 | 3,742708 4,798623 2,389868 4,69417

P} 625000 | 1,803322 2,402735 1,487585 1,884737

/2| 700000 | 2,078207 2,418471 1,279319 2,366782

22| 775000 | 2,080001 2,475509 1,121982 1,897843

( intel‘ inside”
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13000
18000
23000
28000
33000

38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000
700000
775000

GV 1600000

paralelo
0,004886
0,009407
0,011051
0,015508
0,023991
0,024355
0,035226
0,029973
0,070881

par-sse
0,00488
0,010314
0,012322
0,015907
0,025294
0,036413
0,032759
0,030027
0,078588

intel)

Core2
Quad

0,144476
0,150533
0,180603
0,217501
0,286969
0,279379
0,300844
0,277935
0,391668
0,518282
0,444961
0,587642
0,759154
0,701784
0,704966
0,724606
0,69908

0,673164
0,768593
0,736669
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0,140331
0,133975
0,17347
0,210054
0,315711
0,288157
0,359245
0,32499
0,450094
0,610229
0,569662
0,901864
1,003252
0,954171
0,998622
0,994005
1,031605
0,942645
0,813167
0,928442




sscal.

L 1

BLAS1 25

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

static void alig sscal sse(int n, float a, float *x,

{
int 1i;
_ ml28 v x, Vv_a;

//Prologo

for(i = 0; 1 < nprol ; i++)
x[1] = a*x[i];

//Cuerpo

v a mm setl ps(a);

(i = nprol; i < nvecl; i+=4){
= mm load ps(&x[i]);

‘ v.x = mmmul ps(v_a,v _x);

_mm_store ps(&x[i] ,v_x);

for

}

//Epilogo

for(i = nvecl; 1 < n ; 1++)
x[i] = a*x[i];

int nprol, int nvecl)

static void alig sscal avx(int n,

{

float a, float *x,

int i;
_ m256 V_X, V_a;

//Prologo

for(i = 0; 1 < nprol ; i++)
x[1] = a*x[i];

//Cuerpo

v_a mm256 setl ps(a);

for (i = nprol; i < nvecl; i+=8){
v X = mm256 load ps(&x[i]);
Vv X = mm256 mul ps(v_a,v X);
_mm256_ store ps(&x[i] ,v_X);

}

//Epilogo
for(i = nvecl; i « n ; i++)
x[1] = a*x[i];

Clemente Rodriguez, Marcos Ruiz
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A DDA DMDMDdMDADN

A DDA DA DMDdMDMDMDMD

T S S N i S

N

500

1000
1500
2000
2500
3000
3500
4000
8000

13000
18000
23000
28000
33000
38000
43000
48000
53000
58000

100000
175000
250000
325000
400000
475000
550000
625000
700000
775000
1600000

sse

avx

A,361146
3,516551
3,2475964
3,505439
3,327203
3,53442
3,279544
3,637175
3,238249

3,409028
3,074764
3,417806
3,425509
3,343009
P,946564
3,47736
3,32961
3,226229
8,125531

P,332454
P,677294
P,506884
,299768
3,059054

2838837

8,16317
5,841432
6,408918
6,445
6,551402
6,53445
6,748158
6,606708
6,38486

3527637
3,140739
3,495215
3,510491

3,394014
3,37266

3,599125
3,471755
3,500502
7,182925

2511044
2,905328
2,761831
2,686119
3,559754
3,106921

2,287528
2,341332
2,306477
2,181987

2,123277

2552707
2,329308
2,441254
2,144166
2,211195

omp

0,006636
0,008541
0,012697
0,01885

0,023617
0,031002
0,035903
0,033624
0,06775

0,160682
0,146906
0,208003
0,238938
0,279566
0,315616

0,379696
0,322043
0,407345
1,134439

0,650735
0 975819
1,162646
1,47626

1,45128

1,365897
1,414213
1,450383
1,503445
1,674949

Clemente Rodriguez, Marcos Ruiz

omp-sse

0,007898
0,00905

0,011308

0,019798
0,022496
0,032694
0,032453
0,036582
0,062564

0,081073
0,148373
0,204648
0,229581
0,27528
0,318759
0,369455
0,39221
0,396348
1,11969

0,718305

omp-avx

0,006943
0,008587
0,014539
0,018629
0,023101

0,032178
0,032608
0,030067
0,067109

0,131711
0,144889
0,210781
0,249771
0,28402
0,329361
0,379056
0,399837
0,487422
1,11147

0,767161

1,447864

1,424506

1,719871
2,106734
2,204163

2865976

3.237935

1,788194
2,137559
2,165431
0,876459

2693821

2,739

2,200428
3,119424
3,117274

2,876423
3,034939
2,950854

3,693655

( intel“ inside™




500
1000
1500
2000
2500
3000
3500
4000
8000

paralelo  par-sse

0,032205 0,02825

13000
18000
23000
28000
33000
38000
43000
48000
53000
58000

0,012417 0,015093
0,022745 0,023664
0,030612 0,024186
0,024184 0,023688

0,023907 0,021552
0,040886 0,047213
0,047529 0,033253
0,082002 0,101135

par-avx ‘
0,014965
0,023682
0,022467
0,014026
0,019278
0,027779
0,04744
0,036629
0,079564

0,656493
0,862683

100000
175000
250000
325000
400000
475000
550000
625000
700000
775000

0,097478

1,06556 1,59211

0,127139 0,125849
0,297173 0,402246
0,254331 0,556305
0,378784 0,470889
0,595564 0,663442
0,563568 0,550837
0,631158 0,824343
0,628015 0,922429
0,687952

0,440652
1,33285 1,836022

2,118942

1,3716  2,126901
1,059344 1,971831
1,248345 2,093357
2,017398 3,851822
1,508204 2,623398
1,505635 2,985815

0,168955
0,31634
0,430972
0,370729
0,562296
0,693642
0,836008
0,951593
0,9264

1,870851
1,8795
1,728247
2,152329
2,11943
2,053455
2,312795
4,246836
2,735724
2,855299

( intel‘ inside”

Py
CORE'i5
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13000
18000
23000
28000
33000

38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000
700000
775000

GRS 1600000

paralelo
0,003755

0,0097
0,014791
0,019227
0,019161
0,024087
0,031995
0,036234
0,078666

par-sse
0,004113
0,009867
0,01565
0,019519
0,018896
0,025652
0,033405
0,038263
0,078778

0,090999
0,174844
0,224392
0,246937
0,28795

0,30522

0,302117
0,437668
0,340865
0,365346
0,557897
0,638151
0,502562
0,788566
0,686218
0,960573
0,747341
0,797373
0,773987
0,739055

( intel)
Core‘“Za
Quad
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0,093719
0,160604
0,250892
0,263694
0,296806
0,367557
0,330373
0,499356
0,402351
0,439016
0,744235
0,803514
0,841858
1,288782
1,008598
1,275849
0,963391
1,012236
0,952328
1,066898




dscal.

BLAS1

4 J4

29

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

static wvoid alig dscal sse(int n, double a, double *Xx,

{

int 1i;
_ mlz2s8d v X, V_a;

//Prologo

for(i = 0; 1 = nprol ; i++)
®x[1] = a*x[i];

/ /Cuerpo

v_a = mm setl pd(a);

for (i = nprol; i < nvecl; i+=2){
v Xx = mm load pdiax[il);;
V. X = mmmul pd(v_a,v _x);
~mm_store pd(&x[i],v _x);

}

//Epilogo

for(i = nvecl; 1 « n ; i++)
®x[i] = a*x[i];

int nprol,

int nvecl)

static void alig dscal avx(int n, double a, double *x,

{

int i;
__m256d v_x, v_a;

//Prologo

for(i = 0; i < nprol ; i++)
x[1] = a*x[i];

//Cuerpo

v a mm256 setl pd(a) ;

for (i = nprol; i < nvecl; i+=4){
v x = mm256 load pd(&x[il]) ;

v x = mm256 mul pd(v_a,v_x);

_mm256 store pd(&x[i],v_x);

!
//Epilogo
for(i = nvecl; 1 < n ; 1++)

x[1i] = a*x[i];

Clemente Rodriguez, Marcos Ruiz
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R e I S S T T T DDA DM DD I T S T A

S

N

500

1000
1500
2000
2500
3000
3500
4000

8000

13000
18000
23000
28000
33000

38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000
700000
775000

1600000

sse

avx

1,88516
1,769908
1,864491
1777673
1,873658
1,776814
1,941513
1,601475

1,839472
1,832009
1,852607
1577793
1,87383

1,657968

1,646854
1,431202
1,387075
1,433952
1,34654

1,441947
1,460583

3,16
3,564671
3,443105
3,654946
3,487402
3,759244
3,583228
3,816221

1,889917
1,881184

1,885201
2,413471
1,928987
1,81078

1,723155
1,467515
1,470433
1,614994
1,483028
1532887
1566856

omp

0,002754
0,008885
0,013739
0,019668
0,022353
0,032166
0,032258
0,038246

0,076922
0,121691
0,170167
0,206623
0,243797
0,296205

0,347171

0,222168
0,411749

0,441576
0,532969
0,725089
0,916678

omp-sse

0,006195
0,008885
0,012906
0,01757

0,021333
0,033343
0,028283
0,025787

0,07767

0,123885
0,188787
0,313859
0,270596
0,318074

0,429462
0,381342
0,477916
0,478365
0,501156

0,823273

omp-avx

0,004545
0,010539
0,013227
0,017684
0,021557
0,021552
0,031475
0,036829

0,07438
0,135748
0,17449
0,348598
0,24855
0,30542

0,433551
0,37762

0,491882
0,530714
0,536449
0,850994

1188954 |

1,284086

1,393129
1,429886
1,472181

1,36532

1,378518
1,349264
1,207178
1,358285

1,244455

1,46305

1561967

1,486765
1,379423
1,452616
1,436578
1,404447
1,22379

1,207285

1,066258

1,26772

1,691041

1,433973
1,301353
1,397408
1,312235
1568924

1,616915

( |nte| inside™

CORE i7
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1,405201
1,058732
P,271918
1,828617
1,971194

1,984976
1,987774
064922

1,970984

1,41721
1,748952
2,23647
1,969352
2,020636
2,100892
2,050677
2,229287

1986037




th paralelo par-sse par-avx
22| 500 1,945698 0,006817 0,007211 0,007102
74| 1000 | 1,762966 0,009536 0,014935 0,015007
1| 1500 1,959297 0,018845 0,020022 0,024956
221 2000 | 1,713226 0,018959 0,02272 0,028404
74| 2500 | 1,831122 0,06419 0,07531 0,068252
1| 3000 1,658334 0,038283 0,042244 0,044322
721 3500 | 1,822866 0,053824 0,087241 0,088042
721 4000 | 1,829401 0,081299 0,08355 0,084197
Al 8000 | 1,193691 0,161621 0,187858 0,191308
7| 13000 1,198137 0,16909 0,221603 0,230431
721 18000 | 1,796389 0,266846 0,31366 0,330336
Z 23000 | 1,222284 0,254403 0,29233 0,240096
72| 28000 | 1,214178 0,269432 0,336275 0,350022
721 33000 | 1,691546 0,3169 0,386294 0,400697
72| 38000 | 1,232051 0,497833 0,581354 0,595193
721 43000 | 1,441457 0,444883 0,545159 0,564373
721 48000 | 1,214317 0,377821 0,580628 0,603773
72| 53000 | 1,07416 0,392837 0,483511 0,536706
’A1 58000 | 1,295868 0,530206 0,620207 0,585919
»21 100000 | 1,916151 0,824745 1,038821 1,064314
72| 175000 | 1,66456  2,156129

B2 250000 | 1,417671 1,409707 1,024743 1,462505

P2 325000 | 1,117507 1,361344 1,161432 1,446602

721 400000 | 1,272041 1,381496 0,939748 1,345473

[ 74| 475000 | 1,442185 1,616937 1,698357 1,341438

|| 550000 1,382567 1,81956 1,708359 1,967431

72| 625000 | 1,455165 1,547408 1,585743 1,386324

(74| 700000 | 1,064612 1,416282 1,409683 1,580497

[ 2| 775000 | 1,321423 1,338138 1,416434 1,587138

( intel‘ inside™

CORE"i5
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8000
13000
18000
23000
28000
33000
38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000
700000
775000
1600000

paralelo
0,004953
0,00868
0,011745
0,018515
0,024264
0,028824
0,033538
0,037712

par-sse
0,005143
0,008637
0,011493
0,018943
0,023739
0,02756
0,03346
0,038113

1,25621

0,08651
0,130516
0,143992
0,226989
0,232475
0,239632
0,262729

0,2648

0,30161

0,28772
0,324894
0,374824

0,46725
0,497147
0,436334
0,580161
0,569103

0,65992
0,437742
0,740426

1,773974

(intel)
Core‘"24i
Quad
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0,07592
0,12707
0,158948
0,242982
0,252069
0,23247
0,264462
0,275013
0,297464
0,30468
0,323361
0,442503
0,515464
0,487341
0,565096
0,699527
0,584754
0,622239
0,616967
0,798186
0,951573




dot

BLAS1 33

idot

4 int
5

6

7

8

9
10
11
12

idot seg(int n, ir* *x, J&: *y)

int 1i;

int dot = 0;

for (1 = 0; i < n; ++1){
dot = dot + x[i]*vI[i];

1

return dot;

11
12
13
14
15
16
17
18
18
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

static int alig idot sse(int n, int *x, int *y, int nprol,

{

int 1i,7;
int dot = 0O;
int attribute

_((aligned(e4))) wv[4];

. ml281i v X, V.y, V_W;

//Prologo

for(i = 0; 1 < nprol ; 1i++)
dot = dot + x=[i]*vI[i];

/ /Cuerpo

V_W = _mm _setzero sil28();

for (i = nprol; i < nvecl; i+=4){
v x = mm load sii28(( mizs8i *)a&x[i]);
vy = mm load sil28((_ ml128i *)&y[i]l);
vy = mmmullo epi32 (v v,V X];

m) v.w = _mm add epi32(v_y,v_w);

}

v w = mm hadd epi3z2(v w,v w);

v w = mm hadd epi32(v_w,vV_w);

_mm store silzs
dot = dot + vv[

//Epilogo
for (i = nvecl:
dot = dot +

return dot;

((_ milzs8i *)&vv[0], v w);
01;

i =
[1

n ; i++)
x[1]

*y[1];

int nvecl)
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BLAS1

34

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
12
33
34
35
36
37
38
39
40
41
42
43
44
45
48
47

48
49 <
50‘

E1
52
53
54
55
56
57
58
59

static int necalig idot sse(int n, int *x, int *y,

{

j

int i,5;
int dot = 0;
int  attribute ({aligmed(&4}}) wwv[4];

_ ml281 v x, V. ¥, V_W;

//Prologo
for(i = 0; i <« nprol ; i++)
dot = dot + x[i]l*v[i];

//Cuerpo
v oW mm setzero sil28(};

for (i = nprol; i < nvecl; i+=4){
v X = mm loadu sil28(( ml281i *)&x[i]);
vy = mm load silzs8(( mlz28i *)&y[i]);
vy = mm mullo epi32(v vy, v x);
v w = _mm add epi3d2iv y,v_w);

1

v w = mm hadd epil32{v w,v W) ;

v w = mm hadd epi32iv_w,v_w);

mm store si128(( ml281 *)evv[0], v w);

dot = dot + wvw[0];

//Epilogo

for(i = nvecl; i = n ; i++)
dot = dot + =[i]*vyI[i];

return dot;

static int idot sse(int n, int *x, int *y)

{

)

int dot = 0;

Y|

int nprol,

int nvecl)

(E;t dirl = (int) (&y[0]);

int nproll = 16 - ((dirl==2)%1s&);

int nvecl = (((int} floor( (double) ( (n-nproll)/4.0)))<=<2)+ nproll;
int dir2 = (int) (&x[0]);

int nprol2 = 16 - ((dir2-:2)%18);

if (nproll == 1&) nprell = 0;

if(nprol2 == 16) nprolZ = 0;

if (nproll == nprel2) dot = alig idet sse(n,x,¥, npreoll, nvecl);

else dot = noalig idot sse(n,x,y, nproll, nvecl);

return dot;
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BLAS1 35

6 static int alig idot avx(int n, int *x, int *y, int nprol, int nvecl)
7 |
8 int 1i,73;
9 int dot = 0;
10 int attribute ((alignedie4))) vv[&];
11 _ m2561 v X, V.y, V_W;
12
13 //Prologo
14 for(i = 0; 1 < nprol ; i++)
15 dot = dot + x[11*yI[i];
16
17 / /Cuerpo
18 v _w = mm256 setzero si2b6();
19 for (i = nprol; i = nvecl; i+=8){
20 Vv X = mm256 load si256(( m2561 *)ax[i]);
21 Vv y = mm256 load si256(( m2561 *)&y[i]);
22 vy = mm256 mullo epi3z2(v v,V X);
23 : V. w = mm256 add epi32(v_ VY,V _W);
24 }
25 ‘ v _w = mm256 hadd epi32(v_w,v_w);
26 Vv _w = mm256 hadd epi32i(v w,v_w);
27 mm256 store si256(( m256i *)&vv([0], v _w);
28 HE) dot = dot + vv[0] + vv[4];
29
30
31 //Epilogo
iz for(i = nvecl; 1 < n ; i++)
33 dot = dot + x[i]*yI[i];
34 return dot;

71 static int idot_avx(int n, int *x, int *y)

72 {

73 int dot = 0.0;

74

75 int dirl = (int) (&yI[0]);

76 int nproll = 16 - ((dirl>>2)%16);

77 int nvecl = (((int) floor((double) ((n-nproll)/8.0)))<<3)+ nproll;
78

79 int dir2 = (int) (&x[0]);

80 int nprol2 = 16 - ((dir2>>2)%16);

81

82 if (nproll == 16) nproll = 0;

83 if (nprol2 == 16) nprol2 = 0;

84

85 if (nproll == nprol2) dot = alig idot avx(n,x,y, nproll, nvecl);
86 else dot = noalig idot avx(n,x,y, nproll, nvecl);

87

88 return dot;

Clemente Rodriguez, Marcos Ruiz



BLAS1 36

11
12
13
14

int idot omp(int n, int *x, int *y)
{
int 1i;
int dot = 0O;
m) #pragma omp parallel for reduction(+:dot)
for (1 = 0; i = n; ++1i)
dot = dot + x[1i]l*yI[i];

return dot;

11
12
13
14
15
16
17
18
18
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
38
40
41
42
43

static int idot omp sse(int n, int *x, int *y)

{

int
int

i,trozo,ini, fin;
dot = 0;

trozo=ceil((float)n/(float)NTHR) ;

‘ #pragma omp parallel private(i,ini,fin) reduction(+:dot) firstprivate (n,trozo)

1 = omp get thread num();

ini=i*trozo;

fin=min(trozo* (i+1),n);

dot = idot sse(fin-ini,&x[inil, &y[ini]);

return dot;

static int idot_pmp_avx(int n, int *x, int *y)

{
}
}
{
int
int

i,trozo,ini, fin;
dot = 0;

trozo=ceil ( (float)n/ (float)NTHR) ;

‘ #pragma omp parallel private(i,ini,fin) reduction(+:dot) firstprivate (n,trozo)

}

1 = omp get thread num();

ini=i*trozo:

fin=min(trozo* (i+1),n);

dot = idot avx(fin-ini,&x[ini],&y[ini]);

return dot;
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AP, DdDDdMDPADMDMDdMDAEDMSDMDMLA DDA DM DD I T S T A

S

N sse avx
500 [2.678172 4578947
1000 (2.840839 5.078683
1500 (2.904308 5.358306
2000 (2.910629 5.616327
2500 (2.968980 5.437823
3000 |2.938563 5.626200
3500 |3.014253 6.198046
4000 (2.966895 5.356414
8000 (2.337962 2.865260
13000|2.474948 3.421586
18000| 3.556910 5.091463
23000| 1.901975 3.649450
28000| 2.612178 4.093095
33000( 2.537078 3.823049
38000| 1.922681 2.375499
43000| 1.944868 1.885319
48000| 1.834254 2.022666
53000 1.798087 2.306491
58000| 2.072275 2.279272
100000 2.275686 2.604727
175000 2.389237 2.643411
250000 2.211443 2435043
325000 2.353544 2543927
400000 2.284492 2.552040
475000 2.231839 2.484557
550000 2.345639 2.634523
625000 2.072398 2.162582
700000 2.095107 2192732
775000 1.955423 2.138399
1600000 1.818035 1.899268

omp omp-sse omp-avx
0.004876  0.007452 0.007347
0.013911 0.011174 0.012715
0.016565  0.014856  0.016944
0.019728  0.019234  0.023190
0.023886  0.024905 0.025555
0.028276  0.030605  0.030550
0.043111 0.043081  0.039139
0.042816  0.040954 0.049814
0.085565 0.094981  0.096802
0.126139  0.151489  0.144747
0.280384 0.279115  0.300519
0.215609  0.230556 0.263855
0.321967  0.295617  0.307394
0.271493  0.342379  0.361741
0.418131 0.396188  0.406402
0.467674 0574243 0.473662
0.394566  0.445105  0.443909
0529076 0.479317 0517767
0.485472 0.602938 0.570576
0.724248 0.941585 | 1.137189
1.021419 | 1.654111 | 1.761861
1052375 1585860 1.867401
1117376 1960882  2.141080
1268177 _2.076811 2.403359
1.141448 2.300205| | 2.459794
1950530 | 2.733404| | 2.905113
1.461066 2.202355| | 2.933872
1.688057 | 2.795026| | 3.151993
1673270 | 2562332 | 3.307345
1.961728 3.156288| | 2.801137

( in tEI inside™

CORE 7
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paralelo

par-sse

par-avx

500 | 2,633087 0,005072 0,008863 0,008191
1000 | 2,812401 0,02324 0,027233 0,027204
1500 | 1,711373 0,011979 0,017757 0,026318
2000 | 2,665708 0,049785 0,056801 0,056963
2500 | 2,959524 0,0398 0,041803 0,038298
3000 | 2,825836 0,035962 0,059835 0,081711
3500 | 4,078923 0,059957 0,059834 0,041425
4000 | 2,941926 0,047394 0,045528 0,046455
8000 | 2,577808 0,148826 0,221717 0,230594
13000 | 2,285935 0,123507 0,173975 0,156001
18000 | 2,649992 0,290438 0,3639  0,37243
23000 | 2,411855 0,226633 0,22758 0,247951
28000 | 1,843343 0,32572 0,451236 0,417534
33000 | 1,376495 0,315059 0,443385 0,45965
38000 | 2,123876 0,571289 0,746061 0,613963
43000 | 1,30451 |1,679767 0,283554 0,510558 0,53551
48000 | 2,001754 0,560668 0,77079 0,660921
53000 | 1,842652 -0,363965 0,555683 0,619987
58000 | 2,456428 | 3,290845 | 0,731598 |1,129299 1,164073 |
100000 | 2,936669 0,807279 0,977814 1,069777
175000 | 1,92595 0,780398 1,398799 1,485072
250000 | 2,645874 0,892679 1,832915 1,735718
325000 | 2,146043 0,966535 1,407948 1,534325
400000 | 2,167514 1,097517 1,551356 1,765788
475000 | 3,468679 2,681768 3,218244
550000 | 2,038266 0,906177 1,524619 1,475314
625000 | 2,42654 1,133884 1,994389 1,974552
700000 | 2,733076 1,715511 2,770622 2,736568
775000 | 1,766812 1,299925 1,735207 1,782621

intel’ inside™

s
CORE"i5
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8000
13000
18000
23000
28000
33000
38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000
700000

775000

1600000 | 0,782771

paralelo
0,00505
0,007374
0,016535
0,016512
0,024322
0,022766
0,039415
0,032793

par-sse
0,005248
0,007969
0,017302
0,016522
0,024069
0,023067
0,034332
0,032632

0,082468
0,119463
0,206815
0,23332
0,340118
0,322619
0,359449
0,385835
0,370246
0,331388
0,463199
0,625656
0,758098

1,11059
1,020642
1,107317
0,812443
0,986816
0,801232

1,138784 0,908434

( intel)
Core” 2; a
Quad
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0,084373
0,110654
0,186678
0,245047
0,330584
0,360487
0,436122
0,395706
0,368122
0,421596
0,532938
0,640989
0,870338

1,082161
1,243976
1,117909
0,87567
1,196316
0,877823




BLAS1

sdot

4

4 float sdot_ seg(int n, float *x, float *Vy)
5
& int i;
7 float dot = 0.0;
8 for (1 = 0; i = n; ++1i)
=] dot = dot + x[1i1=*wvI[i];
10
11 return dJdot;

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

static float alig sdot_sse({int n, float *x, float *y, int nprcl, int nvecl)

{

int i,5; ‘
float dot = 0.0;
float attribute ((aligned {64} ) ) wv;

_ mlZ8 v X, V_¥, V_W;

J/Prologo
for(i = 0; i = nprol ; i++)
dot = dot + x[i]=*vI[i];

J /Cuerpo
W _mm_setzero _ps() ;

noalig sdot sse

for (i = nprol; i < nvecl; i+=4}]
w_x = _mm leoad ps(&x[i]); _mm_loadu_ps{&x_[i] ) ;
v_y = _mm_load _ps(&y[il); _mm_load_ps (&y[i])
vy = mm mual ps({v yv,v x);
v_w = mm_add ps(v_v,v_w);

}

oW mm hadd ps({v w,v w);

W mm hadd ps{v w,v_w) ;

_mm_store_ss (&vv, V_Ww);

dot = dot + ww;

//Epilogo

for(i = nvecl; i = n ; i++)

dot = dot + =[i]l=*vw[4i];
return dot;

static fleoat alig sdot_avx(int n, float *x, fleoat *y, int nprcl, int nvecl)

{

int i,5; ‘

float dot = 0.0;
float _ attribute ((aligned{e4))) wvw[8];
_ m256 wv_x, V_¥, V_W;

//Prologo
for(i = 0; i « nprol ; i++)
dot = dot + =[i] *v[i];

[/ Cuerpo
W _mm2E56_setzero psl) ;

for (i = nprol; i < nvecl; i+=38){
v x = mm256 load ps(&x[i]l);
v_y = _mm256_ load psi&y[i]);
v_y = _mm256 _mul_psi{v_v,v_x);
v_w = _mm256_add psi{v_¥y,v_w);

1.}r_w = _mm256_hadd ps(v_w,v_w) ;

oW = mm256 hadd ps(v_w,v W) ;

_mm256_store_ps(&vv[0], v_w) ;

dot = dot + ww[0] + ww[4];

//Epilogo

for(i = nvecl; i = mn ; i++)

dot = dot + =[i]*v[i]:
return dot;
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BLAS1 41

static float alig sdot fma(int n, float *x, float *y,

{

int i,7;
float dot = 0.0;
float attribute ({aligned(c4))) wvv[8];

_ m256 V. X, V.Y, V_W;

/ /Prologo
for(i = 0; i < nprol ; i++)
dot = dot + x[1]*vI[i];

/ /Cuerpo
v W mm256 setzero ps|();

for (i = nprol; i < nvecl; i+=8)
Vv X = mm256 load ps(&x[i]);
vy = mm256 load psi&ay[il);
‘ v.w = mm256 fmadd ps(v ¥,V X,V _W);
}
Vv w = mm256 hadd psi{v w,vV w);
V. w = mm256 hadd ps(v_w,V_Ww);

_ﬁm256:store_ps(&vv[oj, v _w);
dot = dot + wv[0] + vv[4];

//Epilogo

for(i = nvecl; 1 = n ; i++)
dot = dot + x[1]1*vyI[i];

return dot;

int nprol, int nvecl)

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

static float sdot omp fma(int n, float *x, float *y)

{

int i,trozo,ini,fin;
float dot = 0.0;

trozo=ceil ( (float)n/ (float)NTHR) ;

#pragma omp parallel private(i,ini,fin) reduction(+:dot) firstprivate (n,trozo)

i = omp get thread num();

ini=i*trozo;

fin=min(trozo* (i+1) ,n);

dot = sdot fma(fin-ini,é&x[inil,&y[inil);

}

return dot;
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TH

B i i T R )

R e

A BADADADAMDAMDAMDMDMDAMDMDMDMDMLDN

D

N sse

500 3.749826
1000 3.874544
1500 3.908666
2000 3.890055
2500 3.953109
3000 3.984016
3500 3.954867
4000 3.964713

8000 3.689465
13000 3.806163
18000 3.865862
23000 3.898318
28000 3.918687
33000 3.987993

38000 2.021901
43000 3.344064
48000 3.340824
53000 3.401520
58000 2.009828
100000 3.704470
175000 3.818545
250000 3.856818
325000 3.908074
400000 3.706119

avx

fma

omp

6.854777
7.241990
7.582139
7.628386
7.738123
7.723069
7.758360
7.827048

4735836
5.597061
6.147745

6.236363
6.704232
6.824754

3.967033
3.669530
3.656921
3.839493
3.707267
4.357507
4.525010
4.730270
4.905091
4815726

4.659649
4715474
4.690873
4.745863
4789671
2.610089
4747915

3.961448
4237695
4.399558
4.460596
4540413
4.644954

3.787984
3.542579
3.693579
3.807104
3.754838
4.204728
4.038125
4.539656
4.603240
4271470

4.575680

0.011466
0.025473
0.030425
0.041609
0.050984
0.062125
0.071416
0.090152

0.138194
0.276800
0.319847
0.422268
0.563024
0.520939

0.703258
0.677391
0.722797
0.777415

1.072276
1.220012

1.927240
1.487948
1.637939

475000 3.884584
550000 3.814582
625000 3.404177
700000 3.359411

4.846502
4.443401
4.685001
4.616135

4639358

4.703497

4579550
4563188

775000 3.651821 4.034275 3.869359

1600000 3.255520 3.334554 3.397030

2.662461

1.736618

1.798938
2.174080
2.016097

3.114893

( intel‘ inside™

CORE i7

omp-sse

0.010820
0.026476

0.031625

0.042104

0.047375
0.062766
0.074950
0.099324

0.171371
0.265615
0.379504
0.378009
0.471970
0.610686

0.637601
0.720048
0.837597

1.035213
1495619
2.630402
3.432564
4011391

4.084992

omp-avx

0.013145
0.026008
0.014225
0.043427

0.052556
0.033990
0.076311
0.100659

0.168404
0.259499
0.333716

0.408934

0.511358
0.599110

0.647401
0.807476
1.019776

BLAS1

omp-fma

0.014639
0.026360
0.027749

0.043442

0.056215
0.062957
0.075392

0.096966

0.150570
0.242771
0.342740
0.445812

0.511857

0.686645

0.742857
0.812203
0.945117

1.023318 | 1.129407

1.630760

2.819102

3.724284
4.405959

4.488303

1.176605
1547845
2.934816
3.443460
4.317255
4.381242

5.224535
5.239362
5.065277
5.459618

6.257515

5.773428

4991229
6.064794

5.030370
6.586344

5.888563

5.949997

5.083981
5.033692
6.032582
6.301290
6.273144

5.756095
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fma paralelo
4,551986 0,008351
4,519983 0,015667
5,052211 0,027078
4,718097 0,042699
4,832674 0,068214
5,778039 0,06513
4,933996 0,092548
6,847528 0,150795

par-sse
0,011559
0,021985
0,037574
0,036591
0,039701
0,086139
0,058652
0,168468

par-avx ‘ par-fma ‘
0,011329 0,011562
0,021688 0,021685
0,037653 0,035998
0,043184 0,043181
0,068909 0,084233
0,102761 0,07946
0,080184 0,079339
0,09908 0,132804

3,940024 0,135728
4,193676 0,225798
4,30504 0,302027
4,863747 0,473549
4,749336 0,52762

0,24448
0,384546
0,50892
0,685925
0,806718

0,211184 0,146433
0,392776 0,223808
0,478171 0,303624
0,383263 0,48029
0,611171 0,54333

5,173589 0,448764
4,014048 0,697049
3,797699 0,521227
3,706064 0,531135
3,794046 0,71754
4,233195 0,096672

4,613285 0,612166

3,018376 0,155261

0,894817
0,967883
0,670012
0,664745
0,864831
1,072922

4,202395 0,847861 | 1,403326 1,700117| 1,676566

2,026389

5,253057 | 1,466306 2,828597

0,276039

0,665927 0,668509
0,895679 0,916404
0,768836 0,764363
1,01326 |1,209356 |
0,900352 1,400506
0,86467 1,376106

3,20441 3,07969
2,992763 2,859477
0,168194 0,453329

4,314894 1,450687
4,144995 1,491043
4,174067 1,757781
4,448863 1,951045
3,88858 1,809697
3,424371 1,605505

3,201669
3,112608
3,577112
4,367351
4,115583
3,002871

3,522918 3,52148
3,296365 3,330798
3,704599 2,955297
4,242735 4,405558
3,914875 3,78833
2,950731 3,103217

( intell inside™

CORE'i5
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th paralelo par-sse
4 0,007891 0,008042
4 0,013789 0,014664
4 0,016816 0,018097
4 0,022772 0,023315
4 0,033594 0,031443
4 0,0354 0,033218
4 0,048404 0,049051
4 0,055422 0,055783
4 8000 0,103193 0,105483
“8 13000 0,191381 0,167133
Z8 18000 0,295919 0,283032
“5 23000 0,405757 0,359798
Z8 28000 0,371775 0,468091
“8 33000 0,410285 0,475048
Z8 38000 0,41488 0,414778
“8 43000 0,446146 0,462873
Z8 48000 0,656154 0,721263
“8 53000 0,509658 0,53285
48 58000 0,773599 0,748303
“3 100000 1,13398 0,963527
Z8 175000 0,965782 0,846845
“8 250000 0,789113 1,0664
28 325000 0,879113 0.976400
“5 400000 0,54058 0,763559
Z8 475000 0,922689
“3 550000 1,653727
“8 625000 1,123675 1,126746
25 700000 1,193475 1,244679
45| 775000 1,166073 1,081547
28 1600000 | 0,924559 1,167209




BLAS1 45

& static float alig sdot avx({int n, float *x, fleat *vy, int nprol, int nvecl)
7
8 int i,7;
= float dot = 0.0;
10 float attribute ((aligned({s4))) wvwv[g];
11 _ m256 V. X, V.V, V. W,V X2,V V2,V W2;
1z
13 //Prologo
14 for{(i = 0; 1 < nprol ; i++)
15 dot = dot + =x[i]*y[1i];
16 :
17 / /Cuerpo Operation
18 ¥ W - TWm256 _Setzero ps (] ; o
19 v _wZ = mm256 setzero psi); dst[i+31:1] := (ali+31:1] % b[i+31:i]) + c[i+31:i]
20 for (1 = nprol; i1 < nvecl; i+=18){ zgﬁmuﬂ:=a
21 v_x = _mm256_load ps(&x[i]};
22 v y = mm256 load psiay[i]]); Performance
23 vy = mm256 mul ps (v ¥.v X‘.',.' Architecture Latency Throughput
24 Vv_W = _mm256_add ps(v_y,v_w); Haswell 5 05
25 v_x2 = mm256 load psax[i+8]);
26 v y2 = mm256 load psi&y[i+8]);
27 Vv _y2 = mm256 mul ps(v y2,v _x2);
28 V_w2 = _mm256_add ps(v_y2,v_w2);
29 }
ia v w = mm256 hadd ps(v W,V W) ;
31 v w = mm256 hadd psi(v_w,v_w);
3z mm256 store ps{&vv[0], Vv _W);
33 dot = dot + ww[0] + wvv[4];
34 v w2 = mm256 hadd psi{v _w2,v _w2);
35 v w2 = mm256 hadd psi{v_w2,v_w2);
316 mm256 store ps{&vv[0], v_w2);
17 dot = dot + ww[0] + wvv[4];
38
39 / /Epilogo
40 for{i = nvecl; i < n ; i++)
41 dot = dot + =x[i]*y[1i];
432 return dot;
43 |}

84 static float sdot_avx(int n, float *x, float *y)

85 |

86 float dot = 0.0;

87

28 int dirl = (int) (&y[0]);

89 int npreoll = 16 - ((dirl=>2)%1l&);

a0 int nvecl = (((int) floor((double) ( (n-nproll) /16.0)))<<4)+ nprcll;
91

=)e int dir2 = i(int) (&x[0]);

a3 int nprel2 = 16 - ((dir2==2)%16);

94

as if(nproll == 16) nproll = 0;

ag if(nprol2 == 15) nprol2 = 0;

a7

ag if (nproll == nprel2) dot = alig sdot avx(n,x,y, npreoll, nvecl);
99 else dot = noalig_sdot_avx(n,x,¥, npreoll, nvecl);
100
101 return dot;
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Unroll 2

TH

A DD DD DDADN

I L R

ABADAMDMDAMDMDMDIMDMDIMDMDDDDN

N sse

500 6.975357
1000 7.294441
1500 7.150450
2000 7.543929
2500 7.686972
3000 7.711257
3500 7.843571
4000 7.656852

8000 4.458212
13000 5.077769
18000 4.787712
23000 5.330159
28000 4.952505
33000 5.371036

38000 3.013319
43000 3.543216
48000 3.610511

53000 3.763905
58000 3.775497
100000 4.168670
175000 4.714685

avx

fma

omp

9.402098
11.808889
12.062310
13.557766
14.294851
14.121821
14.021277
13.054850

4.905020
6.018047
6.535308
6.732762
7.407502
6.680205

3.904173
3.744543
3.728851
3.838723
3.935424
4.351736
4729868

250000 4.782503 4.736963
325000 5.016304| 4.939783
400000 4.979020 4.900747
475000 4.485335 4.165374
550000 3.934246 4.343364
625000 4.856369 4.806101

700000 3.661425
775000 3.795581

7.407713
8.290172
8.557412
8.860319
8.955518
0.049757
9.085180
9.208306

4.929997
5.215089
6.752273
7.213917
3.358247
6.294261

3.286263
3.720629
3.732549
3.845668
3.935653
4.362235
4728793
4.697257
4928751

0.033629
0.035918
0.056004
0.064895
0.064174
0.081677

0.150118
0.242780
0.078005
0.337289
0.501627
0.517249

0.717999
0.652482

0.770172

0.809369
0.978364
1.648494

2.011545

4.403209
4.630519

4 1600000 3.324276 3.457111

4.914758
4822820
4736727
4.470946
4222132
4.194451

3.522395

2.559954
1.618658

2.316064
2.024505
2.059966
2.558237

2.866464

( intel" inside™

CORE'i7

omp-sse

0.013050 0.013232
0.021519 0.021379

0.040164
0.038173
0.055852
0.064773
0.074512
0.035056

0.210259

0.304569
0.429466
0.478107
0.500534
0.578621

0.685737
0.784794

0.681778 0.857000

0.896416
1.028870

omp-avx

0.012390
0.022523
0.044563
0.049743
0.058567
0.062471

0.071158

0.101361

0.168598
0.248748
0.479890
0.468030
0.564476
0.632486

0.800897
0.785742

0.931701
0.980007
1.001701

BLAS1

omp-fma

0.011107

0.025280
0.044394
0.029578
0.055167
0.063137
0.063187
0.083986

0.129960
0.238167
0.427088
0.446964
0.607714
0.662708

0.629353
0.933300
0.942420
1.007580
.100347

1.522102

lL.669120

2.833829
3.759649
4.813803
5.315845
4678510
5.268561
6.479399
6.564797
8.245809

5.773260
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2.941920
3.886825
4.757431

2.784751
3.801908
4199963

4.650168

4943434
6.775332
6.901874
6.461911
7.121508

6.064766

5.348572
5.908393
6.389688
6.531379
6.272176
6.552400

6.612964




BLAS1 47

ddot
4 4

4 double ddot seg(int n, double *x, double *y)
5 {
6 int 1i;
7 double dot = 0.0;
8 for (1 = 0; 1 < n; ++1i)
9 dot = dot + x[i]*yI[i];

10

11 return dot;

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
11
a2
a3
4
k1
16
3T

static double alig ddot sse(int n, double *x, double *y, int nprol, int nvecl)

{

int i,3;
double dot = 0.0;
double attribute ((aligned(ed))]) vv;

_ml2éd vx, vy, VW

//Prologo
for(i = 0; 1 « nprol ; i++)
dot = dot + x[i]*y[i];

//Cuerpo
v w = mm setzero pd();
for (i = mprol; i < nvecl; i+=2){

v x = _mm load pdlax([i]);
vy = _mm load pdl&y[i]);
vy= mmml pdlv y,v x;
vw= _mmadd pd(v y,v wl;
J
v w= mmhadd pdiv w,v_w);
mm store sd(&vv, v w);
dot = dot + vv;

//Epilogo

for(i = nvecl; 1 < n ; i++)
dot = dot + x[i]*y[i];

return dot;

)
)

v_w = mm256 setzero pdl();

for (i = nprol; i < nvecl; i+=4){
v_xX = mm256 load pd(&x[i]);
vy = mm256 load pd(&y[il);
v y = mm256 mul pd(v y,v X
V. w = mm256 add pd(v_y,v_w

}

v _w = mm256 hadd pd(v_w,v_Ww);

~mm256 store pd(&vvI[0], v w);

dot = dot + wv ][O 2] ;

V_w = mm256 setzero pdl);
for (i = nprol; i < nvecl; i+=4){
Vv x = mm256 load pd(&x[i]);
vy = mm256 load pd(&y[i]);
Vv w = mm256 fmadd pd(v y,v X,V W);
}
Vv w = mm256 hadd pd(v w,v w);

_mm256_store_pd(&vv[c]7 v_w);
dot = dot + vv[0] + wv[2];
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—
I

B S S

A DD DDA D

A DDA DADDMDMDMDMDMDADAD

4
4
4
4
4
4
4

N sse

500 1.968910
1000 1.970403
1500 1.982395
2000 1.992646

2500 1.772709
3000 2.186946
3500 1.839542
4000 1.845517
8000 1.928669
13000 2.128085

18000 1.818250
23000 1.627991
28000 1.707401
33000 1.716294
38000 1.799766
43000 1.787421
48000 1.871696
53000 1.860442
58000 1.865969
100000 1.920610
175000 1.964433
250000 1.964298
325000 2.061074

400000 1.951751

475000 1.689876
550000 1.696305
625000 1.725346
700000 1.768744
775000 1.699509
1600000 1.603546

avx

fma

3.702201
3.835794
3.781930
3.900701

2.004827
2.809724
2.241234
2.375470
2.985286

3.600791

2.369147
1.876031
1.949873
2.036004
2.072212
2.125691
2.191956
2.214542
2.223178

2.313411

2.373457
2.364484
2.401261
2.394245

1.866573
2.294004
2.009146
1.978689

2.178749

2.45838

2.124026
1.814493
1.229266
1.984773
1.996821
2.086259
2.067244
2.118460
2.139259
2.243167

omp

0.010714

0.021148

0.032766
0.045633

0.038027
0.061960

omp-sse

BLA

omp-avx

omp-fma

0.011008 0.010847 0.011312
0.021448 0.021704 0.021071
0.031337 0.030732 0.026823

0.058820 0.052691

0.092896

0.106411

0.075064
0.079274
0.188078

0.349782
0.363515

8 0.296808

0.049567 0.046596 0.049100

0.052677
0.114392

0.074888 0.078672 0.076948

0.090853
0.176108
0.328833

0.388044
0.416971

0.085152
0.194281
0.162306

0.337092
0.446987

0.419388
0.536200
0.509863
0.550553
0.769180
0.669029

1.031909

2.404089
2.324546
2.215585

2.001483
2.052739
1.733701
1.847644
1.761791
1.684133
1.656156

2.310993
2.229670

1.337374
1483971

0.457723
0.519854
0.626287
0.712982

0.884160
0.842668
0.934831

0.554589
0.717926

0.083230
0.163584
0.273429

0.358618
0.470538
0.576163
0.581821

0.678098 0.699987

0.664868
0.760237
0.961837
0.979707

0.689508
0.839912
0.893947
0.963871

1.496386 |
2.330533

1.565643

1539834

2.305705

2.470423 2.273002 3.018617

2.308813 2.246603

1.939883

1.875989

1.812994 2.377888

1.806068

2.129516

1.771905 2.695206
1.688716 2.535662
1.621519 2.494522

( |nte| inside™

CORE i7

3.422584
2.879716
2.788133
3.130810
3.111912 3
3.066277
3.033465

Clemente Rodriguez, Marcos Ruiz

2.367853
2.62264
3.177914

4122029
3.244212
2.820101
3.138370
124019
3.102362

2.454163
p 2.453918
3.435770

3.466657
3.280694
2.725829
3.249280
3.185809
3.087787

2.991646

3.171382




500
1000
1500
2000

1,971877
1,970947
1,977451
1,986652

2500
3000
3500
4000
8000
13000

1,772333
1,804053
1,898054
1,843577
1,924175
1,960717

fma
2,380511
2,360071
2,382618
2,387213

paralelo

0,014464 0,016326 0,016502 0,016459

0,016366
0,02429

par-sse

0,01907

0,029654 0,033199 0,034021
0,033023 0,035454 0,041285 0,061818

par-avx

0,027774

par-fma

0,032397

18000
23000
28000
33000
38000
43000
48000
53000
58000
100000
175000

1,86213
1,524914
1,766961
1,461692

1,5102
1,725904
1,850948
1,776724
1,781162
1,774025
1,948117

1,962736
1,873718
2,009652
1,986529
2,174469
2,843698

0,042171 0,041968 0,054167 0,054882
0,076441 0,061887 0,054894 0,060256
0,067884 0,066814 0,089375 0,106001
0,107063 0,114006 0,067732 0,098437
0,207275 0,226414 0,139136 0,217636
0,351971 0,418252 0,431221 0,428812

250000
325000
400000
475000
550000
625000
700000
775000

1,914353
1,823792
1,670543
1,672182
1,695286
1,588392
1,702669
1,816956

1,741641
1,664469
1,671845
1,606645
1,64064
1,820073

2,137121
1,83927
1,918652
1,996526
2,05125
2,162592
2,093461
2,119751
2,184671
2,615599
2,348488
1,769929
1,91162
1,77387
1,687976
1,62464
1,59318
1,602088
1,828134

0,352919
0,455362
0,436849

0,419196 0,463101 0,622109 0,657728
0,594619 0,588746 0,546539
0,483498 0,682615 0,770538 0,766256
0,565497 0,642241 0,810739 0,801158

0,51828

0,553577
0,61776
0,999287

1,144114

0,259911
0,318
0,398293

0,77041

0,684664 0,927857 0,915979

1,981399

0,40319

0,531181

0,51872

0,809035

1,956028

0,398534
0,518038
0,465359

0,769452

1,985412

1,551522

1,781846

1,501628 2,003448 1,732277

1,372667
1,396877
1,109725
1,415129
1,512131

1,693862
1,674905
1,598513
1,702758
1,878162

1,719228
1,669896
1,750901
1,484264
2,04109

1,902835 2,143742 2,156425

( intel ‘ inside™

CORE"i5
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1,815311
1,46519




paralelo
0,006997
0,010813
0,017056
0,027123

par-sse
0,007083
0,011692
0,01752
0,029664

0,036429
0,044149
0,046552
0,055358
0,111773
0,135708
0,200457
0,273644
0,267646
0,346471
0,439329
0,352789
0,433018
0,241651
0,330632
0,591021
0,567836
0,688419
0,559934

1,055798
0,968376
0,962442
0,973237
0,92837
0,969697

1,544919
1,112187
1,316941
1,231203
1,102685

700000

( intel)
Core‘“2 a
Quad
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0,036559
0,045503
0,051167
0,060139
0,107007
0,139474
0,258589
0,276985
0,276832
0,405007
0,433272
0,350324
0,470567
0,303163
0,352439
0,657691
0,728849
0,603733
0,538974




dsdot
4

BLAS1 51

4

4 double dsdot segi(int n, float *x,

5

6 int 1i;

7 double dot = 0.0;

8 for (i = 0; i <« n; ++1)

9 dot = dot + (double)x[i]*
10
11 return dot;

float *vy)

3

(double)y[1i] ;

10
11
12
13
14
15
16
17
18
18
20
21
22
23
24
25
26
27
28
29
30
il
iz
i3
34
ik
36
37
i8
38
40

static double alig dsdot sse(int n, float *x, float *y, int nprol, int nvecl)

{
=

=

int i,7;
double dot = 0.0;
double attribute ((aligned(é4))) wvv;

mlz28 v x, v V; v_w = mm256 setzero pd();
ml28d v xm, v yn, v w; for (i = nprol; i = nvecl; i+=4){
— - - - v Xx = mm load ps(&x[i]);
vV _¥Xn = mm256 cvtps pd(v_x);
v .y = mm load ps(&y[i]l);
//Prologo y = mm load ps(&yl[i])
for(i = 0; 1 < nprol ; i++) v yn = mm256 cvtps pd(v V) ;
dot = dot + (double)x[i]* (double)y[i v_yn = _mm256_mul_pd(v_yn,v_xn);
v w = mm256 add pd(v_yn,v_w);
}
//Cuerpo v w = mm256 _hadd pd(v_w,V_w);
v W = mm sstzero Pd'-ﬂ’:' _mm256 store pd(&vv[0], v_w);
for (i = nprol; i < nvecl; i+=2) ] dot = dot + vvl[0l + vvi2];
v x = mm load ps(&x[i]);
- i ).
‘ VXKD = mm CVipS ]_Eldﬂﬂ'ﬁ(\! ! v w = mm256 setzero pdl); l
vy = _mm_load_ps (&y[1]); for (i = nprol; i < nvecl; i+=4) |
‘ v.yn = mm cvtps pd(v y); v_x = mm load ps(&x[i]);
vyn= mmmul pd(v yn,v xn); v_¥n = _mm256_cvitps_pd(v_x);
_ ; - vy = mm load psi&y[i]);
v_w = _mm add pd(v_yn,v_w); V_yn = _mm256_cvtps_pd(v_v) ;
] v_w = _mm256_fmadd pdiv_yn,v_xn,v_w);
vw= mmhadd pdi(v w,v_w); 1
mm store sd(&vv, v w); v_w = mm256 hadd pd(v_w,v_w);
dot = dot + g _mrr1256_store_pc_1;&w[u_ ,ﬁv_w;;
= dot + vww[0 + ww[2];

//Epilogo

for(i = nvecl; i < n ; i++)
dot = dot + (double)x[i]* (double)y[i];

return dot;
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BLAS1 52

TH N sse avx fma omp  omp-sse omp-avx omp-fma

4 500 1.839822 | 3.446577 |[ 2.338108 | 0.010486 0.010433 0.010280 0.009750
4 1000 1486400 | 4.241984 || 2.796840| 0.021158 0.023814 0.022512 0.028321
4 1500 1.855294 | 3.624374 (|2.379749 | 0.029405 0.028730 0.031086 0.031020
4 20001730755 | 3.257902 || 2.933800| 0.055272 0.061323 0.072908 0.076052
4 25001811082 |3.538543 |[2.394290| 0.011447 0.072213 0.065450 0.061309
4 3000 1.864540 | 3.674165 (|2.395917 | 0.073088 0.069629 0.071664 0.058040
4 3500 1.860157 | 3.674819 ||2.391854 |0.068137 0.075343 0.072887 0.081332
4 40001861127 [3.700535 |[2.395898 | 0.081316 0.085298 0.083858 0.075262

8000 1.863892 | 3.576995 || 2.395305| 0.117046 0.219140 0.221539 0.170339
13000 1.805966 | 3.678040| 2.423714| 0.170851 0.216682 0.304021 0.291089
18000 1.820889 | 2.641074 || 2.396436| 0.368309 0.354899 0.340024 0.342900
23000 1.868124 ( 3.444119 || 2.397722| 0.431691 0.430627 0.464588 0.488541
28000 1.861527 ( 3.659301 |[ 2.397984| 0511911 0.455376 0.562610 0.525881
33000 1.865129| 3.671677 || 2.396050| 0.456930 0.498692 0.642426 0.704468

R N

38000 1866256| 3.217330|| 2.396984 0.606007 0574670 0730209 0757064
43000 2.009132| 3.339080| 2599389 0710635 0695816 0889470 0.841889
48000 1862879 3.169011 || 2.393014| 0728361 0773089 0941731 0926298
53000 1.828835| 3.193800|| 2.395484| 0777172 0.856457 0842015 1032147
58000 1.964696| 3.460395|| 2520744 072431 0950944 114

100000 1836642 3.57379¢|| 2.476155 | 1061651 | 1.398575
175000 1898440 3.619424(| 2439984 1312348 1844741 2611453  2.092905
250000 1864405 3596413 2398090 1666064 2222779 2980054 2.489183
325000 1.859421]_3580384|| 2208964 1494773 2369832 3.281280 2876310
4000001848862 3.645363 2312483 2008832 2497197 | 3.749938 | 3.685606
475000 1856659 3.420158 2456433 2024100 2672365 | 5748609 | 4.460500
550000 1832512 3741777 2430222 1832248 3482149 |5161019 4583187
6250001805938 3703814 2463001 1887294 4177160 [5761162 |5060898
7000001780622 3506061 2377788 2223352 4326687 | 5801788 | 4.902051
7750001743769 3103783 2404330 2718161 3740900 | 5716250 | 5531566

ABADAMDMDAMDMDMDIMDMDIMDMDDDLDN

»

1600000 1.870130 3.317453 2.483352 3.285081 5.029184 |5.669926 ||5.994092

( intell inside™

CORE i7
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fma

paralelo

par-sse

par-avx

par-fma
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500 |1,823748 2,354148 0,008395 0,011685 0,011423 0,011049
1000 |1,839073 2,379758 0,017081 0,021591 0,021627 0,021615
1500 |1,848143 2,369718 0,024424 0,033013 0,033388 0,032863
2000 |1,845536 2,381242 0,03274 0,040945 0,043024 0,042942
2500 |1,845116 2,388396 0,041401 0,076948 0,077124 0,049531
3000 |1,850652 2,393043 0,06253 0,057071 0,096543 0,083387
3500 |1,860108 2,398316 0,08246 0,063088 0,074427 0,074048
4000 |1,853554 2,398295 0,101269 0,123217 0,102903 0,125277
8000 |1,853352 2,393821 0,125806 0,160573 0,163431 0,162114
13000 |2,047454 2,63508 0,215967 0,275317 0,283839 0,278929
18000 |1,853495 2,395326 0,261375 0,331163 0,384416 0,430096
23000 |1,777156 3,08572 0,548764 0,515675 0,517376 0,537163
28000 |1,853463 2,398867 0,36979 0,476221 0,626492 0,687215
33000 |1,839795 2,396012 0,391437 0,69326 0,833769 0,752328
38000 |2,228415 3,108663 0,562903 0,884836 1,230475 1,024702
43000 |1,795136 2,391322 0,480645 0,711682 0,953746 0,880232
48000 |1,885321 2,4313 0,52173 0,765666 1,190948 0,808534
53000 | 1,85072 2,394885 0,568169 0,832287 0,902922 0,875595
58000 |1,906912 2,461088 0,592652 0,900696 1,058068 1,063377
100000 | 1,547147 2,924231 0,95234 [1,528788 1,949251 1,878841 |
175000 | 1,833089 2,402329 1,092412 1,465541 1,775433 1,941039
250000 | 1,86069 2,424078 [1,274928| 1,805846 2,310417 2,04091
325000 | 1,268246 2,422387 1,380105 1,942431 2,677636 2,477496
400000 | 1,875257 2,429811 1,444417 2,078924 2,861561 2,892159
475000 | 1,868556 2,37443 1,567397 2,220478 3,159137 2,939853
550000 1,848987-2,444046 1,533445 2,287266 3,094726 2,858672
625000 | 1,549368 2,665508 1,707236 2,59058 3,555502 3,257665
700000 |1,805667 2,84104 2,357919 1,538955 2,32721 2,910979
775000 | 1,838239 3,04665 2,400406 1,581147 2,496437 3,009636




1,357615
1,045516
1,082141
1,043493
1,100958
1,005065
1,060312
0,89459

paralelo
0,007004
0,012034
0,021646
0,026246
0,033256

0,03701
0,039477
0,055642

par-sse
0,006896
0,012286
0,019846
0,0256
0,034124
0,039494
0,036968
0,056302

0,087254
0,140917
0,220242
0,32676
0,321676
0,344564
0,592627
0,410331
0,489731
0,541232
0,515988

1,178479
0,963869
1,435511
1,044245
1,205791
0,855858
0,963663
1,305445

0,923682

YN Y| 775000

1,658264

(intel.
Core’“Za
Quad
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0,089095
0,155797
0,225405
0,32111
0,342111
0,354105
0,616607
0,418225
0,50802
0,51522
0,560666




BLAS1 55

sdsdot
4 4
4 float sdsdot seglint n, float *x, float *vy)
&
6 { int i; !
7 double dot = 0.0;
2 fleoat result = 0.0;
g for (i = 0; 1 = n; ++1]
10 dot = dot + (double)x[i]* (double)y[i];
11
12 result = dot;
13 return result;

10 static double alig sdsdot sse(int n, float *x, float *y, int nprol, int nvecl)
11

12 int 1i,7;

13 double dot = 0.0;

14 double attribute ((aligned(e4))) vv;

15 ml28 vV X, V_y;

16 _ ml28d v Xn, v yn, V_W;

17

18 //Prologo

19 for(i = 0; i < nprol ; i++)

20 dot = dot + (double}x[i]* (double)y[i];
21

22 //Cuerpo

23 v_w = mm setzero pdl);

24 for (i = nprol; i < nvecl; i+=2){

25 v x = mm load ps(&x[i]);

26 v xn = mm cvtps pd(v x);

27 vy = _mm load ps(&yl[i]);

28 v_yn = mm cvtps pd(v_y);

29 v_yn = mm mul pd(v_yn,v_xn);

30 v.w = _mmadd pd(v_ yn, v w);

31 }

32 v w = mm hadd pd(v w,v w);

33 mm store sd(&vv, Vv w);

34 dot = dot + vv;

35

36 //Epilogo

37 for(i = nvecl; 1 < n ; i++)

38 dot = dot + (double}x[i]* (double)y[i];
39 return dot;

double dot = 0.0; dot = alig sdsdot sse(n,x,y, nproll, nvecl);

float result

result = dot;
return result;
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—
I

N  sse

500 1.817291
1000 1.832443
1500 1.812721
2000 1.849589
2500 1.855646
3000 1.855986
3500 1.856452
4000 1.859539

B T R S e

8000 1.798355
13000 1.812849
18000 1.863592
23000 1.789482
28000 1.865541
33000 1.806134

o i

38000 1.851265
43000 1.762795
48000 1.269738
53000 1.878516
58000 2.050136
100000 1.923189
175000 1.888061
250000 1.831926
325000 1.797153
400000 1.919272
475000 1.805652
550000 1.847308
625000 1.675976
700000 1.718418
775000 1.882766

B S i i T i

4 1600000 1.986083

avx

fma

3.507823
3.656691
3.611010
3.641786
3.698809
3.687303
3.685994
3.724010

3.459381
3.662469
3.682277
3.692196
3.701614
3.624650

3.360293
2.998717
3.233410
3.299688
3.604055
3.383881
3.477499
3.633826
3.625595

2.360088
2.371709
2.387786
2.382542
2.395045
2.392103
2.382771
2.392707

2.430063
2.397807
2.398045
2.399391
2.400116
2.396498

2.425932
2.387543
2.408615
2.420967
2.488694
2.480264
2.560663

omp omp-sse

0.011186 0.010623
0.016383 0.030995
0.043846 0.039594
0.043719 0.041482
0.060387 0.051630
0.058261 0.064714
0.066289 0.067861
0.084440 0.090545

0.180336 0.149432
0.271196 0.243763
0.323899 0.320075
0.422810 0.388131
0.398412 0.449086
0.492755 0.542840

0.537724 0.678172
0.710188 0.761543
0.675304 0.713858
0.744876 0.882597
0.812648 0.948941

1.419243
1.723518 [Z:

2.407749

3.619399
2.714145
3.686330
3.695777
3.391164
3.592836

3.407396

2.382166
2.254466
2.429857
2.428672
2.417377
2.449372
2.353281

2.660352

omp-avx

0.011380
0.031254
0.045545
0.044753
0.059973
0.064896
0.070727
0.087215

0.157065
0.239915
0.376547
0.408799
0.612058
0.669016

0.771527
0.796760
0.907966
0.943986
1.169226

BLAS1 56

omp-fma

0.013216
0.029866
0.045378
0.039978
0.058252
0.062889
0.066406
0.074031

0.195093
0.260703
0.350561
0.397675
0.632615
0.729908

0.464162
0.794415
1.000541
0.963084
1.047957

[2.045959

lL674633 |

2.925926

1.445721 2.055038
1.421534 2.417236

2.924481
3.483882

1.588394 2.006244
1.621858 2.685727
2.592897 4.343182
1.841399 3.930411
1.805496 4.205569
2.801151 3.808712

3.368884 4.601955

( i ntell inside™
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2.569653
2.522758
2.824610

3.962694
4.484254
4.836589
4.510075
6.100076
5.967685

3.774836
3.401100
3.508857
4.632749
4.946250
5.212784

6.371297




500
1000
1500
2000
2500
3000
3500
4000

fma paralelo

8000
13000
18000
23000
28000

par-sse

par-avx par-fma

33000
38000
43000
48000
53000
58000
100000
175000
250000

1,845601 2,333766 0,008853 0,01333 0,012586 0,01604
1,84574 2,368515 0,018006 0,032867 0,033119 0,033016
1,769672 2,406775 0,026054 0,039725 0,049639 0,049264
1,853646 2,382542 0,034503 0,065401 0,061853 0,065263
1,434528 2,38951 0,057417 0,045014 0,082093 0,068395
1,996584 2,560701 0,066544 0,05369 0,069723 0,069113
1,905015 2,465894 0,096206 0,111883 0,114651 0,099445
1,872829 2,389515 0,095612 0,095356 0,107102 0,069681
2,100885 2,670512 0,173769 0,263437 0,247422 0,164519
1,880811 2,412473 0,212627 0,251236 0,416945 0,351211
1,428972 |2,839113 | 2,734053 0,418911 0,326642 0,45122 0,538931
1,791749-2,439579 0,347504 0,471032 0,394492 0,437521
1,776826 2,367462 0,440493 0,573171 0,523571 0,472337
1,504687 |2,541587 2,566245 0,570058 0,723549 0,497033 0,767659
1,417744 2,365471 0,584365 0,662936 0,670903 0,568254
1,812829 2,724642 0,768043 0,676779 0,822364 0,769426
1,405852 2,603565 0,738687 0,917717 0,873526 0,830603
1,71857 2,408503 0,665545 0,849756 0,833141 0,817569
1,627807 3,041508 0,796705 0,937261 1,099028

1,840392 2,505748 0,966818 1,355387
1,618055 2,614055 1,86868 2,02857 1,738969
1,75978 2,411325 11,2929 1,839742 2,370305 2,06596
1,991518 2,645585 1,560509 2,495096 3,833198 2,878089
1,876916 3,637296 2,45417 1,567001 2,629724 3,939552 2,537323
1,909013 2,514937 1,569538 2,423397 3,434826 3,237387
1,9658 2,51962 1,505919 2,460194 3,138243 3,001628
1,996708 2,627 1,809594 2,243347 3,096454 3,313522
1,79812 - 2,44059 153386 2,45244 3,275759 3,24613
1,837173 2,403474 1,646652 2,616855 2,987293 2,89096

( intel' inside™
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th sse paralelo par-sse
4 0,006988 0,007156
4 0,011074 0,010937
4 0,01785 0,016834
4 0,027647 0,027112
4 0,034637 0,033603
4 0,043428 0,038225
4 0,046773 0,050503
4 0,049626 0,046129
Z3 8000 0,104998 0,110028
Z8 13000 0,196908 0,18188
Z5 18000 0,22162 0,251242
Z8 23000 0,3174  0,3096
Z8 28000 0,313174 0,326096
Z8 33000 0,369393 0,326813
Z5 38000 0,44611 0,456456
Z8 43000 0,452179 0,4445
Z8 48000 0,458314 0,375421
Z8 53000 0,630512 0,639481
Z5 58000 0,613366 0,801015
8 100000 0,583132 0,715752
28 175000 | 1,248326

81 250000 | 1,047951 1,020825

“3 325000 | 1,054068 1,754542

(28| 400000 | 0,932714 0,683894

Z8 475000 | 1,193932 1,471124

[ 25| 550000 | 0,738687 1,275625

Z8 625000 [ 0,7867 1,35625

“3 700000 (0,972138 1,023711

“3| 775000 | 0,87667 1,273698

(intel.
Core’2. a
Quad
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BLAS1 59

amax

Zi-amax

g 4

L dnmt =i amax seg{(dimt nmn, dmnmt HF3C)
= { o T
(=3 it maz;
7 dnmt 4, idamazx;
8
=1 mazx = abs{(x[0] ) ;
10 idamazx = O ;
11 for (i=1;3i<=m;i++) {
1= i £ (abs (== [4i1 ) > max) {
1= .‘> dama>x = 1 ;
a4 ma>x = albws (= [4A]1 ) ;7
15 }
16& ¥
a7 return Iiiamaz<;

- static int zi amax omp prociint desde, int hasta, int *x)
7
8

int i;

2] int max = abs(x[desde] ) ;

10 int iamax = 0;

11 for (i=desde;i<hasta;i++) {

12 if (abs(x[i]) = max) |

13 iamax = 1i;

14 max = abs(x[i]);

15 }

16 }

17 return iamax;

18 |}

12 static int zi amax ompi(int n, int *x)
20 |
21 int i,ini,fin, trozo, ind, indv;
22 int maximo;
23 ‘ int *iamax=malloc (NTHR*sizecf (int) ) ;
24
25 trozo=ceil ( (floatin/ (float)NTHR) ;
26

27 ‘ #fpragma omp parallel private (i,ini,fin) firstpriwvate (n,trozo)
28 {

29 i = omp get_thread num() ;
30 ini=i*trozo;

31 fin=min{trozo* (i+1) ,n)};

iz iamax[i] = zi amax omp proc(ini, fin,x);:
33 }

34

35 ind = jiamax[0] ;

36 maximo = abs(x[ind]) ;

37 for (i=1; i<NTHR; i++){

ig indv = iamax[i] ;

39 if (maximo < abs(x[indvl)){
40 maximo = abs({x[indwv] ) ;
41 ind = iamax[i] ;

42 }

43 }

44 free(iamax) ;

45 return ind;
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BLAS1

|

4
10
11
1z
13
14
15
16
17
18
149
20
21
22
23
24
25
26
27
28
25
30
31
32
33
34
35
36
37
38
349
40
41
42
43
44
45
45
47
48
44
50
51
52
53
54
55
56
57
58
54
&0
61
62
63
64

atatic int alig _zi_amax sse(int n, int *x, int nprol, int nvecl)

{

™

int max = 0;

int i,j,iamax,ind;

int __ attribute  ({(aligmed(é4)}} windx[4];

_ mlZ8i v_x=, ind ant, war_ant, wvar_max, ind new, mask, indand,
max = abs{x[0]];
iamax = 0;

J//Prologo
farii:C;i{nprul;i++?{
if lab=ix[i]l) > max)|
iamax = 1i;
max = absix[il];
}
}

ind ant = mm_setl epill{iamax] ;

for(i=0;izd;i++}{
ind = {int] windx[i];
if(abs(x[ind]) > max){

max = abs (x[ind]);
iamax = ind;

‘ telee if(abs(x[ind] == max && ind < iamax){
max = abs(x[ind]];
iamax = ind;

}

}

//Epilogo

for(i = nwecl; i =« m ; i++)]

if labsix[i]) > max)|
iamax = 1i;

max = aba(x[il}:

}
}

return iamax;

Clemente Rodriguez, Marcos Ruiz

indnand;

var_ant = _m_setl_epi_’lz max) ;
‘ ind new = _mm_setr_epild2{nprol, nprol+l, mprol+2, nprol+3);

/ /Cuerpo

for (i = nprol; i < nwecl; i+=4}{
v x = mm load =si128((__ ml28i *)&ax[i]);
v_x = _mm _ahs_epill(v_x);
Var max = _mm max epi3i(v_x,wvar_ ant);

‘ mask = _mm_cmpeqg epi32 (var_max, var_ant);

indand = mm and sil28 (mask,ind ant) ;
indnand - mm_andnot sil28 (mask, ind new) ; not(mask) & ind_new
ind ant = mm_add epi3Z (indand, indnand) ;

‘ind_new = mm _add epi3Z(ind new, _mm setl epi32(4)];
var_ant = var_max;

_mm_store =ilZ8((__ml2Bi *)&vindx[0],ind ant);



TH N sse avx omp omp-sse omp-avx

4 500 |1.804724| |2.942678 | 0.011614 0.015006 0.015488
4 1000 {1.798319| (3.082093 | 0.026588 0.008551 0.021857
4 1500 |1.803209| |3.101695| 0.050233 0.055177 0.055531
4 2000 (1.798589| |3.148697| 0.049963 0.053892 0.061656
4 2500 (1.943230| |3.480578| 0.076270 0.082362 0.072099
4 3000 |{1.806921| (3.175737| 0.072186 0.077963 0.080214
4 3500 (1.804157| (3.168635| 0.081606 0.090095 0.083938
4 4000 |1.801335| |3.168739| 0.112949 0.120008 0.108867
4 8000 (1.803545| |3.194824| 0.184030 0.201678 0.188782
4 13000 |1.945460( |3.442274| 0.313960 0.328247 0.291554
4 18000 (1.944288| |3.448036| 0.484110 0.452696 0.406478
4 23000 |1.808985( |3.209130| 0.497228 0.527080 0.496004
4 28000 |1.936856( |3.455606| 0.495173 0.637881 0.818949
4 33000 |1.814662| |3.222201| 0.653456 0.601954 0.771301
4 38000 |1.845308| |3.366881| 0.728576 0.787725 0.883115
4 43000 |1.955988| (3.481974 | 0.769536 0.952978 1.084493
4 48000 {1.611590| (3.203741| 0.668785 0.865304 0.9478

4 53000 (1.955667| (3.600319| 0.857371 |1.086808 . 0
4 58000 |1.744927| (3.215047| 0.826386 : 00 C
4 100000 1.788881 |3.232998| [1.229238| 1.768720 1.837037
4 175000 1.743491 |3.231610 . 0 1.986633 2.821914
4 250000 1.817186 [3.296946| 1.425376 2.660063 |3.487832
4 325000 1.815021 [3.226257] 1.665474 2.998431 |4.368350
4 400000 1.934859 3.467516 2.483907 |3.951367| [5.623602
4 475000 1.789633 3.128920 1.582006 (3.118642| |4.392389
4 550000 1.865113 3.338794 1.763547 |2.991852| [4.556284
4 625000 1.841897 3.308876 2.404385 |2.994688| |4.674706
4 700000 1.836102 3.259258 1.843316 |3.329157| [7.261656
4 775000 1.828229 3.255727 1.818258 (3.394058| |5.162681
4 1600000 1.823688 3.282503 3.211964 |5.533538| [8.432765

( intel’ inside™
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1,856131
1,792753
2,000375
2,941444
2,657724
1,962077
1,958034
2,745311
1,816276

2,652838
2,182118
2,093683
1,948143
2,318108
2,009326
1,984516
2,647
2,337719
1,991461

2,013353
2,138813
1,869511
2,379356
1,813735
1,808967
2,037361
2,027544
1,805222
2,082357

3,248392
3,269147
3,667961
3,635824
3,225599
3,712469

paralelo
0,019745
0,019556
0,034408
0,105499
0,07642
0,061388
0,108403
0,155124
0,160345

par-sse  par-avx
0,020556 0,020612
0,03019 0,03391

0,041565 0,043458
0,129665 0,142954
0,099934 0,100658
0,103505 0,126924
0,125094 0,082797
0,160147 0,217778
0,18556 0,299312

0,455458
0,515899
0,481661
0,552805
0,545781
0,606054
0,619108
0,84822
0,815494
0,610909

0,395415 0,562062
0,658254 1,12471
0,823385 0,755686
0,943043 0,647849

0,984642
1,150591

1,222037 1,43239
1,532934 1,379328
1,597663 1,913223
1,101904 1,524653

0,882467

1,298893
1,776424
1,409659
1,467198
1,714039
1,733116
0,986236
1,708944

1,332086 1,990515
1,917161 2,862195
2,02305 2,646343
2,904512 4,129433
2,355489
2,519067
2,903171
2,961796
2,749612
3,153674

intel\ inside™
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3,584103

paralelo

0,010498
0,025753
0,028369
0,036554
0,042375
0,05328

0,053298
0,092204
0,18891

par-sse
0,009863
0,024788
0,028702
0,038171
0,045906
0,054895
0,0828
0,092937
0,181085

0,298516
0,334511
0,481077
0,489843
0,573618
0,650613
0,712193
0,751367
0,892519

1,178849
2,153512
2,410683

325000 | 3,521555 2,147456
400000 | 2,774563 1,777709
475000 | 2,775267 1,853244
550000 | 2,72118  2,294669
625000 | 2,954531 2,122042
700000 | 2,773278 1,931337
775000 | 2,861626 1,795067
intel.

N\
Core’2 a
Quad
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0,306471
0,367246
0,599917
0,599011
0,753792
0,769582
0,879747
0,938125
1,080345

1,635333
3,199234




BLAS1 64

si-amax

4 int si amax seg(int n, float *x
5 {

(=3 float max;

7 int 4, damax;

8

=} max = Ffabsf(x[O0]) ;

10 damax = 0;

11 for(i=1;i<n;i++) {

1= if (fabsf(x[i]l) = max) {
13 damax = 4i;

14 max = fabsf (x[4i]l) ;
15 }

1s }

17 return iamax;

6 static int alig si_amax avx(int n, float *x, int nprol, int nwvecl)
7

8 float ma=x = 0.0;

g int i,j,iamax,ind;

10 float _ attribute ((aligned(&4})) windx[8];

11 _ mZ5E w_x, v_neg, ind ant, wvar_ant, wvar max, ind new, mask, indand, indnand;
1z2

13 max = Ffabsf(x[C]);

14 iTamax = 0;

15

16 S Prologo

17 for(i=0 ;i{nprcrl.-i++:'{

18 if (fabsf (x[i]l) = max){

19 iamax = i;

20 max = Ffabaf(x[i]);

21 }

22 }

23 ind ant = _mm256 setl psi{{fleoat)liamax) ;

24 var_ankt = _mmZ56_ setl psi{{floatlmax) ;

25 ind new = _mm256_setr psinprol, nprol+l, nprol+2, nprol+3,
26 nprol+4, nprol+S, nprol+6, nprol+7) ;
27 S iCuerpo

28 for (i = mprol; i = nwecl; i+=811{

29 v_x = _mm256_ load psisx[il):

30 V_m = _mm256 sub pa{_ mm256_ setzeroc pall, w_x|;

31 ‘v_:x_ = _mm256 max psiv_x, v_neqg);

3z var_max = _mm256_max pa(v_x,var ant];

33

34 ‘ mask = _mm256_cmp psivar_ankt, wvar _max,1); //es cmpeg
35

36 indand = _mm256_ and p=imask,ind ant) ;

37 indnand = _mm25&6_andnot_ ps(mask, ind_new) ;

3B

39 ind ant = _mm25&_add psiindand, indnand) ;

40 ind mew = mm256_ add ps(ind new, _mm256 setl pa(&)];
41 var_ant = war max;

42

43 _mmZ56_store_ps (&vindx[0],ind ant] ;

44

45 for(i=0;i<8;i++){

46 ind = windwx[1i] ;

47 if (fabsaf (x[ind] ) > max) {

48 max = fabsf(x[ind]);

44 iamax = ind;

S0 }alae if (fabaf (x[ind] == max && ind = :i_amax,'{

51 max = fabsf(x[ind]);

52 iamax = ind;

53 }

54 }

55

56 S /Epilogo

57 for(i = nwvecl: i < n ; i++]{

S8 if (fabsf(x[i]) > max){

59 iamax = i;

&0 max = Ffabaf(x[i]);

61 }

62 }

a3 return iamax;
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N

500
1000
1500
2000
2500
3000
3500
4000
8000

13000
18000
23000
28000
33000
38000
43000
48000
53000
58000

100000
175000
250000
325000
400000
475000
550000
625000
700000
775000
1600000

sse avx
7.081375 11.834115
6.397300 11.593388
6.458528 11.728387
3.847041 10.981037
6.559700 12.460444
6.575183 12.708999
6.589551 12.642260
6.137499 12.810499
6.620101 13.074553
6.670709 13.220511
6.649394 13.209569
6.586503 13.234721
7.090113 14.124890
6.743828 12.994072
6.660429 13.104169
6.663634 13.284947
6.959185 13.882163
6.683786 12.283802
6.728707 12.206485
6.684504 13.276874
6.636007 13.376378
6.710364 13.381554
6.497108 13.463110
6.688786 13.383114
6.566406 12.294221
6.706155 13.372842
6.685566 13.012764
6.714271 13.459320
6.410004 13.203840
6.692307 12.907123

BLAS1 65

omp omp-sse omp-avx
0.034174 0.046706 0.052068
0.081212 0.071771 0.071918
0.105844 0.104807 0.107289
0.178302 0.140208 0.143406
0.171440 0.178121 0.171059
0.217299 0.222359 0.237841
0.234429 0.246486 0.230693
0.274268 0.218577 0.279415
0.510714 0.532566 0.475134
1.325088 F%Tgé%?gfw 1.202628
1.348367 1.316639 1.613291
1.661769 2.058182 1.861853
1.624665 2.047646 2.186546
1.841940 2.255571 2.450160
2.427900 2.084481 2.697106
2.858961 2.594294 3.105950
2.454956 3.074199 3.278536
2.577879 3.254581 3.408992
3.677436 4.630643 5.443948
4.630509 6.076806 7.690325
5.306238 8.671990 10.981802
5.635569 9.718861 13 239728
6.005482 8.531947 14.123189
9.459562 13.19817¢4 |15.995381
6.508956 14.403799 |[17.686424
8.210668 11.84125(0 (17.400255
10.146186 | 15.543887 |20.582698
8.088749 13.768194 |21.506087
12.190114 |14.65766724 |27.084823

( in te‘ inside™

COREi7
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th paralelo par-sse par-avx
2 500 2,885057 0,044149 0,038966 0,027405
22| 1000 | 2,833057 0,033799 0,03759 0,08159
2| 1500 3,306005 0,140552 0,130676 0,166179
72l 2000 | 2,764875 0,150057 0,140509 0,163026
| 2| 2500 2,86984 0,165061 0,233972 0,245004
2| 3000 2,910949 0,222252 0,204586 0,238877
72l 3500 | 2,827249 0,154651 0,355331 0,366616
2| 4000 | 2,587883 0,32122 0,262303 0,297939
7A1 8000 | 3,487583 0,572631 0,535236 0,262161
2 13000 2,709259 0,542159 1,004474 0,903372
2| 18000 | 2,853752 0,202982 %_
(72| 23000 | 2,642731 0,710458 1,308491
(72| 28000 | 2,77037 0,842048 1,630428 1,847251
721 33000 | 2,992613 0,851536 1,337236 1,830426
72| 38000 | 3,331832 0,929467 1,407418 1,568754
72| 43000 | 3,325023 1,069212 1,500927 1,893952
vAl 48000 | 2,965956 1,06591 1,677177 1,893218
(72| 53000 | 3,34146 1,782246 2,063028
721 58000 | 3,390217 0,834695 1,895606 3,236635
12| 100000 3,339023 1,393187 2,5986 3,69937
2| 175000 | 3,331874 - 1,583697 3,625157 4,933684
"2 250000 3,338623 1,689589 4,093172 6,018759
(72 325000 | 3,290604 - 1,70331  4,408972 6,555787
721 400000 | 3,315433 6,587762 1,71075 3,687255

(72| 475000 | 3,317729 6,334573 1,670961 4,714426

|| 550000 3,290866 6,474148 1,821495 5,419524

72| 625000 | 3,323823 6,43558 1,828797 4,770082

(22| 700000 | 3,198458 6,480892 1,855044 5,145958

| 72| 775000 | 3,322136 6,322499 1,732297 5,609433

‘ |@ inside™

CORE"i5
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paralelo
0,007412
0,016932
0,027506
0,029643
0,045563
0,05245
0,049448
0,059434
0,14664

L1

par-sse
0,007956
0,018938
0,029121
0,030834
0,045704
0,054515
0,050525
0,061514
0,144185

0,271665
0,27213
0,472221
0,442736
0,575707
0,560267
0,7553
0,886553
0,682756
1,00647

1,085393
1,253464
1,801294
1,609498
1,661251
1,551517
1,562341
1,417645
1,540933

1,840308
2,488401
2,231294
2,049685
1,913079
1,71407
1,693736
1,690043

(intel,
Core2 a
Quad
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0,290252
0,286835
0,425144
0,502768
0,753902
0,620265
0,792158
0,955509
0,838286

1,479834
1,731519




TH

B N L T T T S S g S S S S S S N E - LT S S S S g S S o

di-amax
4 :I.!:: di amax sedgi{int n, double *x)
S {
[ double maz<;
7 int i, damazx;
8
= max = TfTfabs (=[O0]1 ) ;
10 damazx = O -
11 For(i=1;i<n;i++) {
1z if (fabs(x[il) > max) {
1= damaxx = i ;
14 mazxx = Tfabs(zx[4i] ) ;
15 }
1ea 1
17 return iamasc;
1= ¥
N sse avx omp omp-sse omp-avx
500 3.232154 |6.149807( 0.035055 0.035127 0.030258
1000 3.279719 |[6.418375| 0.071181 0.063981 0.076835
1500 3.280579 |[6.457192( 0.099749 0.107377 0.108030
2000 3.307373 |6.535771| 0.159125 0.146102 0.150738
25000 3.309311 |6.582306| 0.145448 0.185138 0.173260
3000 3.3114874 |6.584571| 0.197059 0.193807 0.194214
3500 3.316198 |6.594394| 0.238126 0.224419 0.207821
4000[ 3.317401 |6.594522| 0.250310 0.294965 0.256280
8000 3.365854 |6.718954| 0.532353 0.523357 0.510659
13000 3.3285471 |6.233342| 0.650853 0 $ 0. 807076
18000 3.330043 |6.645372| 0.768668 |1.151330| [1.286690
23000 3.3304384 |6.654242| 0.902949 1.373253 1.456466
28000 3.3164674 |6.658501| 0.974848 1.370884 1.488645
33000 3.304504 |6.669709| [1.064551| 1.637141 2.077665
38000 3.334341 |6.743271] 1.189450 2.272160 1.957257
43000 3.366923 (6.682237| 1.283771 2.218971 2.083302
48000 3.301808 (6.613713| 1.655231 2.411977 2.692808
53000 3.339406 ([6.619375( 1.307310 2.588165 2.606117
58000 3.346963 |[6.652476| 1.655596 2.677624 |3.793209
100000 3.196639 |[6.718295| 1.519158 3.120460 |4.757497
175000 3.241099 [7.314510/ 2.619279 5.164003 |6.690694
250000 3.318954 6.693475 3.072634 |6.704861| (7.951108
325000 3.281758 6.723256 2.848495 |7.328536| |9.340541
400000 3.309536 6.761950 2.814464 |7.856376| |10.924214
475000 3.287591 6.709224 3.153946 |8.299835| [12.192297
550000 3.350430 6.697673 3.376893 |8.222280| |12.580191
625000 3.111383 6.697532 3.228134 (9.396288| (13.560880
700000 3.331944 6.639524 3.547564 |9.084070| |13.326186
775000 3.238322 6.476219 3.278192 [9.103998| (13.271594
1600000 3.318772 6.198347 3.381062 |9.673039| |14.690114
( intel ) inside™
CORE"i7
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th paralelo par-sse par-avx
M 500 | 2,885057 0,044149 0,038966 0,027405
(2| 1000 | 2,833057 0,033799 0,03759  0,08159
)| 1500 | 3,306005 0,140552 0,130676 0,166179
Ml 2000 | 2,764875 0,150057 0,140509 0,163026
("2 2500 | 2,86984 0,165061 0,233972 0,245004
)| 3000 | 2,910949 0,222252 0,204586 0,238877
M 3500 | 2,827249 0,154651 0,355331 0,366616
2l 4000 | 2,587883 0,32122 0,262303 0,297939
72| 8000 | 3,487583 0,572631 0,535236 0,262161
72| 13000 | 2,709259 0,542159 1,004474 0,903372
7| 18000 | 2,853752 - 0,202982 1,040392

P3| 23000 | 2,642731 0,710458 | 1,238203 | 1,308491
(P2| 28000 | 2,77037 0,842048 1,630428 1,847251
7 33000 | 2,992613 0,851536 1,337236 1,830426
(P2l 38000 | 3,331832 0,929467 1,407418 1,568754
22 43000 | 3,325023 1,069212 1,500927 1,893952
/M| 48000 | 2,965956 1,06591 1,677177 1,893218
(P2l 53000 | 3,34146 1,782246 2,063028
M 58000 | 3,390217 0,834695 1,895606 3,236635
72| 100000 | 3,339023 1,393187  2,5986  3,69937
(P2l 175000 | 3,331874 1,583697 3,625157 4,933684
P 250000 | 3,338623 1,689589 4,093172 6,018759
(P2 325000 | 3,290604 - 1,70331  4,408972 6,555787
/11 400000 | 3,315433 6,587762 1,71075  3,687255

71| 475000 | 3,317729 6,334573 1,670961 4,714426

71| 550000 | 3,290866 6,474148 1,821495 5,419524

1| 625000 | 3,323823  6,43558 1,828797 4,770082

71| 700000 | 3,198458 6,480892 1,855044 5,145958

(1| 775000 | 3,322136 6,322499 1,732297 5,609433

( intell inside”

CORE'i5
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paralelo par-sse
0,007692 0,007763
0,014862 0,015607
0,021253 0,022986
0,035634 0,035174
0,019482 0,035216
0,05216 0,054023
0,067104 0,075157
0,073732 0,071236
0,151053 0,139926
0,20357 0,213817
0,259163 0,299031
0,364735 0,411606
0,423426 0,462757
0,445619 0,46008
0,50806 0,562394
0,479992 0,609006
0,788257 0,921397
0,618116 0,683639
0,605348 0,711041
0,958

—
=

L2

175000 | 1,190497
250000 | 1,360852  1,35884
325000 ( 1,09392 1,301881
400000 | 1,17263  1,36932
475000 | 1,188026 1,38847
550000 | 1,116868 1,317675
625000 | 1,176523 1,323343
700000 | 1,641875 1,906458
40| 775000 | 1,282177 1,53772

(intel,
Core’"éa
Quad
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BLAS1 71

norm2

snorm2
float snrm2 segiint n, £loat *x)

4

5 1

[ inkt 1i:

7 float scale,gag, abascl norm, w;
8

o

ifin «= 1) norm = 0.0
10 elae ifin == 1} norm
11 elae|
12 acale = 0.0;
1z gag = 1.0;
14 for(i=0;i<m;i++) |
15 if{x[i] != 0}
16 absol = fahsf{x[i]) :
17 if(scale = absol){
18 w= scale/abaol;
19 2ag = 1l.0+za8g¥w¥w;
20 2cale = absol;
21 leles|
22 w= absol/acale;
23 22g = =5Bg + WYW;

= fabaf (x[0]];

26 }
27 norm = scaleY (fleoat) =grt i (double) ssg) ;
28 }

30 return norm;
311}

33 float snrm2 segZ(int n, float *x)
34 |

35 inkt ind, 4i;

36 float morm = 0.0, max = 0.0;
37 float sum = 0.0

349 max = fabaf (x[0]]);

40 for{i=1l;i<n;i++]

41 if (FabafFi{x[i]) > max)
43 max = Fabaf(x[i]);
44 malt = 1.0/max;

45 for{i=0;icn;i++]
47 gum = zum + (x[i] *mult) * (x[i] *mualt) ;

44 norm = |(float)sgrti (double] sum) ;

51 return max¥norm;
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BLAS1 72

10
11
12
13
14
15
1e
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
i3
34
3k
36
37
38
39
40
41
42
43
44
45
45
47
43
49
EQ
51
52

static float th omp max(fleoat *x, int desde, int hasta)
{

int i;

float max = 0;

for (i=desde; i<hasta; i++)

if (fabsfi(x[i])>= max)
max = fabsf{x[i]);
}

return max;

}

float snrm2 omp(int n, fleoat *x)
{

int i,imni, fin;

float max = 0.0;

float norm = 0.0;

float sum = 0.0;

float mult;

int trozo=ceil((fleat)n/(fleoat)NTHR) :
float *w;
w=malloc (NTHR*sizeof (float) ) ;

#pragma omp parallel priwvate (i,ini,fin) firstpriwvate (n,trozo)

i = omp get thread num() ;
ini=i*trozo;
fin=min{trozo* (i+l1),n);
w[i] = th omp max(x,ini, fin};
lcr (i=0; i<NTHR; i++)
if (max<w[i]) max=w[i];
free (w) ;

mult = 1.0/max;
#pragma omp parallel for reduction(+:sum) firstprivate (mult)
for(i=0;i<n;i++)

sum = sum + (X[i]*mult)*{(x[i]*mult) ;

norm = (float)sgrt( (double)sum) ;

return max*norm;
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TH N sse

A DAL

A A DA LAED

A BEPEPAEPLAEPLAEDDS

50010.130533
1000 11.063579
1500 11.370598
2000 11.526846
2500 11.636021
3000 11.673304
3500 11.667745
4000 13.445612
8000 11.862716

13000 12.325697
18000 12.118679
23000 11.870984
28000 11.976956
33000 12.145517
38000 12.125021
43000 12.115230
48000 12.122611
53000 12.032040
58000 12.144402

100000 12.132943
175000 12.126347
250000 11.655686
325000 12.008680
400000 12.082541
475000 12.001812
550000 12.038657
625000 12.182270
700000 11.935608
775000 12.026458
1600000 11.392987

avx

fma

15.827360
19.698652
20.368330
21.727807
21.692594
22.435108
22.018601
26.068519
23.377581

23.756605
23.537398
23.504405
23.582446
23.854252
23.856310
16.871772
23.607756
23.746116
23.997745

21.121067
21.827335
22.190777
22.252755
22.571442
22.583181
22.519296
23.022992
22.624019

13.113342
15.564668
15.994063
16.744842
16.708196
17.111041
17.458596
19.809134
15.357280

18.072662
17.886725
17.652883
17.843856
16.257901
18.067856
15.696665
18.082284
17.947797
17.881495

16.297280
17.303604
17.461146
16.996015

17.426343

22.636539
19.761748

17.536852
17.687800
17.910926
17.583955
17.706463
16.492177

omp

0.027774
0.060746
0.096668
0.146803
0.158066
0.180965
0.239744
0.284431
0.402728

0.648188
0.740047
1.088107
0.604474
1.376192
1.306333
1.464834
1.564552
1.600380
1.906785

1.829658
2.403193
3.220825
3.716525
3.714288
4.439506
3.939306
2.745606
4.217118
4.287113
4.459404

( in tel inside”

CORE i7

BLAS1

omp-sse omp-avx omp-fma
0.032884 0.031557  0.037209
0.082836  0.058708  0.064212
0.086919  0.095858  0.082301
0.145606 0.113470 0.128664
0.149665 0.181072  0.179972
0.169926 0.213728 0.275518
0.235952  0.254348  0.284244
0.266749  0.336928  0.390010
0.470875 0.552556  0.592525
0.861169  1.001239 0.882303
|1.185774 | [1.347745 || 1.242054
1369741 1.384338 1.456791
1761264 1.861816 1.772804
2.163606 2.314590 2.012111
1.970483 2.661181 2.893386
2466257 2.610024  2.592221
2.855853 2.786109  2.943273
3.098888 3.067377  3.083410
3.087964 3.083291 3.221275
5.187420 5.266719  5.808124
8.242289 8793370  7.957256
9.286700 11.595089 12.457296
11142802 14.114085 12.539003
13.140233 15.079183 14.425455
14358412 [17.553346 |16.529946
16.825384 [19.063655 [18.104533
11781537 P1.207437 |20.790571
19.074757 p2.995399 |21.516035
20.679167 DP5.102006 [22.848476
23.302831 P7.389535 [32.599311

Clemente Rodriguez, Marcos Ruiz
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th fma paralelo par-sse par-avx par-fma serie2

2| 500 | 10,31464 13,072314 0,032605 0,047863 0,047733 0,047707 0,073094
[}| 1000 | 11,21578 15,646055 0,057319 0,065245 0,082149 0,102871 0,078943
(]| 1500 [11,459547 20,624702 16,002522 0,085196 0,098507 0,096091 0,098321 0,079468
/2| 2000 | 9,03481 16,096366 0,151574 0,214297 0,203995 0,214218 0,086126
[7}| 2500 |11,087799 16,831618 0,209892 0,194081 0,212738 0,278311 0,087776
["}| 3000 |9,861546 19,450212 16,032298 0,188768 0,285207 0,293487 0,295064 0,075772
2| 3500 | 9,417601 16,317485 0,274108 0,308598 0,340273 0,364008 0,085573
2| 4000 | 9,902161 17,808896 0,380625 0,363205 0,431896 0,426646 0,088495
7| 8000 |11,933892 17,739964 0,401801 0,687361 0,668841 0,659623 0,079542
2| 13000 |12,133345 17,545451 0,737148 | 1,178909 0,882846 1,051425 0,080533
(V2| 18000 |12,124772 17,905143 0,882893 1,282625 | 1,551041 1,529932 0,08034
2| 23000 |12,340654 18,271104 099773 1,738478 2,170081 2,176377 0,081465
2| 28000 |12,081319 15,372177 0,981867 2,463861 2,21524 2,145863 0,077983
22| 33000 [10,058491 14,069577 | 1,286067 2,163283 2,611952 3,117068 0,076226
(72| 38000 | 9,238672 15,879718 1,299797 2,355913 3,278502 3,258823 0,073265
2| 43000 |12,126438 18,065628 1,249913 3,003374 3,663576 2,933619 0,079888
["}| 48000 |11,840011 18,133123 1,332229 3,170259 4,098832 3,995257 0,080222
| 53000 |12,131991 18,100141 1,383526 3,31663 4,388215 4,333212 0,080052
(72| 58000 | 9,05716 15319436 1,387016 3,285948 3,606198 4,092337 0,081217
[72| 100000 | 12,097456 16,490495 1,715961 4,658036 5985838 5,495531 0,075595
[°| 175000 | 9,762393 |16,982465 15695327 2,1605 7,475276 8,731207 6,963111 0,078401
2| 250000 | 12,210076 18,240705 2,457527 7,576122 11,090757 9,032424 0,079452
(72| 325000 | 9,66035 17,550372 2,357209 8,826086 11,485858 10,818669 0,077343
171 400000 | 12,241735 23,150813 17,427708 2,43223 9,988158 12,318142 11,644399 0,078559
2| 475000 | 11,99635 18,036186 2,518287 12,373151 14,466077 12,472633 0,078492
(72 550000 | 12,047031 17,701666 2,445546 11,533943 14,174168 14,829858 0,077292
|71 625000 | 12,003615 22,384505 17,772842 2,55335 13,674935 16,198973 15,599243 0,078187
2| 700000 11,433659-17,573788 2,54768 14,959604 18,072726 15467456 0,07848
22| 775000 | 11,549549 17,083047 2,54558 12,68028 15559916 15,798439 0,078535

( intel’ inside™

 CORE"i5
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paralelo par-sse serie nuevo‘
0,019844 0,019731 | 0,156574
0,042122 0,049135 | 0,162316
0,065071 0,062431 | 0,163435
0,082151 0,086052 | 0,164378
0,104203 0,104073 | 0,163807
0,157384 0,154982 | 0,164937
0,180615 0,17316 | 0,164536

0,1743  0,174238 | 0,164578
0,403378 0,421036 | 0,162291
13000 0,665701 0,670904 | 0,198244
18000 0,788757 0,728286 | 0,165486
23000 0,878818 1,038413 | 0,165066
28000 0,210212
33000 1,809106 2,155332 | 0,220613
38000 1,618729 1,966001 | 0,165509
43000 2,407973 2,879042 | 0,234288
48000 1,766075 2,07449 | 0,165951
53000 2,817462 3,759965 | 0,234702
58000 3,003253 3,944603 | 0,234236
100000 2,579128 3,654022 | 0,166784
3,483651 6,739413 | 0,166445
3,770925 7,369161 | 0,165784
3,986683 8,350328 | 0,165727
4,111144 8,860171 | 0,164788
4,224015 10,904203| 0,164278
4,23809 10,401137| 0,165739
4,337575 10,406182| 0,164568
4,409674 8,434678 | 0,165321
4,457866 9,096816 | 0,165728

(intel.
Core’“Za
Quad
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dnorm2

TH N sse

F LR L T

A A DPEPAEAEDLAED

A EPEPAAEDLAEDS

500 5.640417
1000 6.151496
1500 5.851532
2000 5.892765
2500 5.910567
3000 5.696044
3500 5.938799
4000 5.960732
8000 6.263041

13000 5.878101
18000 5.997440
23000 6.049972
28000 5.901680
33000 6.045603
38000 6.070342
43000 5.549251
48000 6.079260
53000 6.098739
58000 5.946310

100000 5.775519
175000 5.986191
250000 5.977755
325000 5.778296
400000 6.082285
475000 5.949333
550000 5.941544
625000 5.937748
700000 5.934785
775000 5.702506
1600000 5.358445

BLAS1

avx fma omp omp-sse omp-avx omp-fma
10.326531 ||8.071006 |0.032939  0.033297 0.034918  0.033001
11.806395 |(9.058824 |0.062615 0.049757 0.063640 0.075096
11.383826 |(8.660698 |0.090362 0.090199 0.107312 0.137636
11.529088 |(8.746785 [0.120703  0.114401 0.131822 0.177827
11.622848 |(8.800537 [0.148197 0.145378 0.190938 0.217956
11.691584 ((8.830348 (0.174696 0.171612 0.217489  0.262443
11.715007 |[8.698283 [0.206000 0.197372  0.210283  0.208597
11.760767 |[8.900455 [0.237650 0.252536 0.231108 0.241741
12.128936 |(9.602929 |0.456809 0.484124 0.623901 0.651944
11.698094 ||8.872048 |0.643573  0.873470 0.941486 0.961368
11.416376 ||8.921831 |0.826642 _1.051083 1.020581 1.091787
9.845879 ((9.021377 |0.999254 |[1.559341| |1.618856 ||1.666298
11.839199 ||8.940881 |1.157597 | 1.597451 1.770881  1.942667
11.731223||8.970597 [1.256529 1.679768 1.919477 1.973276
10.498280 ||8.469538 |1.341998  2.180850 1.906546  1.866656
9.842565 ||8.146249 |1.416639  2.301500 2.243158  2.463171
10.558767 ||8.325988 |1.600576  2.350453  2.627377  2.608663
10.065079 ||8.453152 |1.554736  2.848339 2.816167  2.823600
10.618883 ||8.395171 |1.637343  3.013505 2.862648  2.982317
10.947035 |[8.540671 | 1.927024  4.533812  4.970990  4.002800
10.694970 |[8.391803 |2.909965 6.004374  6.407900 6.371797
10.950288 ||8.817446 |3.419936  7.634343 _8.710946  8.458209
11.389923 | 8.873662 3.840273 8.976467 |10.605401 | 10.040015
11.314655 8.949822 4.077615 10.316800 [12.183895 | [11.956565
10.969685 8.705205 3.883393 10.891921 |13.938432 | [12.623652
10.941669 8.764740 3.781455 10.923932 |13.755523 | [10.530823
10.516532 8.510615 4.509553 12.250691 |15.084589 |[10.910098
10.365637 8.497220 4.218761 10.718307 |10.491022 | [12.015687
9.763448 8.293865 4.245031  8.345539 |14.390396 | |15.787847
7.880629 7.603458 4.805455 13.282841 |16.228225 | [15.964023
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fma paralelo par-sse par-avx par-fma serie2

500 | 4,91711 8,131604 0,033784 0,034777 0,042607 0,054944 0,084374
1000 | 5,783998 8,513349 0,060545 0,090179 0,088318 0,089119 0,078391
1500 | 5,872285 - 8,607006 0,085982 0,094267 0,094648 0,094508 0,078691
2000 |5,889087 [11,507181 8,741747 0,11306 0,124242 0,125382 0,125196 0,077578
2500 | 5,705891 8,800503 0,139544 0,15539 0,156284 0,17921 0,078475
3000 | 5,926557 - 8,829123 0,169068 0,185205 0,185058 0,185702 0,078821
3500 | 4,962042 8,755294 0,216028 0,279715 0,372063 0,389971 0,089686
4000 | 6,312392 - 9,415904 0,229298 0,261891 0,271579 0,336345 0,082887
8000 | 5,96859 8,796804 0,391851 0,615322 0,687864 0,659791 0,07914
13000 | 5,977589 [11,714114 7,552481 0,769197 1,067765 1,136648 1,120716 0,078972
18000 | 5,43407 [11,770856 8,907772 0,718052 1,004932 1,120053 1,01821 0,079153
23000 | 5,990081 8,928549 0,860061 0,07899
28000 | 6,039146 9,010379 1,739765 1,877998 2,151865 0,073544
33000 | 4,909438 6,921675 1,204377 2,107986 2,568744 2,615713 0,082313
38000 | 4,890572 | 8,457317 7,773462 1,302194 2,503275 2,898341 2,647618 0,050051
43000 | 5,760062 7,577063 1,20636 2,362745 2,070562 2,351799  0,07942
48000 | 6,000328 - 8,326651 1,197091 2,233554 2,586971 3,368178 0,079317
53000 | 6,012369 8,402771 1,239267 2,317188 3,193936 3,491419 0,079529
58000 | 5,987069 - 8,411431 1,32136 2,039162 3,053775 3,031089 0,077194
100000 | 6,074034 - 8,750016 1,742873 3,135886 3,851411 3,850212 0,052668
175000 | 5,425163 8,446817 2,025526 3,926962 4,854243 5,163605 0,078876
250000 | 2,018954 10,984069 8,882054 2,19236 5,561289 - 7,087426 0,081686
325000 | 5,697404 7,769305 8,621063 2,398172 7,084123 8,887001 0,076198
400000 | 5936533 9,790835 7,57767 2,367616 7,699728 | 9,918129 9,00262 0,076634
475000 | 5,874919 10,102905 §8,353859 2,370841 7,038172 |10,072858 8394667 0,077775
550000 | 5,829209 9,185664 8,202739  2,44068  7,163907 - 10,015371 0,077432
625000 | 5,704247 9,208024 7,977417 2,445895 8,569506 8,105124 0,078638
700000 | 5,792438 8,030857 2,4476  7,340935 7,885767 5,130309 0,079428
775000 | 5,774622 - 7,60815 2,529846 7,486191 4,783517 8,845555 0,079094
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th
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

8000
13000
18000
23000
28000
33000
38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000
700000

paralelo
0,02429
0,040065
0,071665
0,09308
0,129987
0,142607
0,177103
0,190693

par-sse
0,023228
0,039707
0,070272
0,094396
0,141373
0,139016
0,178779
0,193496

serie nuevo
0,159222
0,161879
0,163056
0,163192
0,23082
0,163249
0,170578
0,163506

0,328673
0,642848
0,765578
1,052517

1,626943
1,683753
1,802155
1,706305
2,476873
1,958123
2,480852
2,93217

3,181203
3,394312
3,274323
3,095552
3,935868
3,909361
3,96411

0,321233
0,641572
0,715028

1,700568
1,787448
2,502228
2,362552
1,841463
2,787085
2,485201
3,018183
4,302701
4,144359
5,801472
4,385334
5,356541
4,831191
4,481014
5,05185

0,163711
0,165048
0,164705
0,233478
0,233183
0,215695
0,233409
0,233255
0,164633
0,221076
0,164697
0,16488
0,165243
0,164591
0,165235
0,164651
0,165807
0,162702
0,165521
0,164495

3,469624

4,316774

0,166042
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asum
iasum
4 i1int iasum seq(int n, int *x)
5 |
6 int temp = 0;
7 int 1;
: a
9 for(i:O;iqn;i+—}{
10 temp = temp + abs(xI[i]);
11 }
12 return temp;
13}
TH N sse avx omp omp-sse
4 50014.915946 8.443737 0.006102 0.008112
4 1000 |5.641912 9.345920 0.015606 0.016691
4 1500 (6.814844 12.957511) 0.029548 0.022131
4 2000 (5.748770 10.677442) 0.032408 0.036828
4 250015.873882 10.966609| 0.049590 0.048994
4 3000 (5.571219 10.803987| 0.043053 0.056520
4 3500 (5.914286 11.313407) 0.055460 0.016745
4 4000 (5.843429 10.829627| 0.057971 0.026489
4 8000 (5.964219 11.336128] 0.109533 0.136622
4 13000 |5.367940 6.401477 0.197698 0.191786
4 18000 (5.807724 8.044747 0.207389 0.280453
4 23000 (5.510417 7.878838 0.351495 0.279333
4 28000 |6.212996 9.230176 0.401836 0.413134
4 33000|6.222373 9.218732 0.465746 0.471499
4 38000 |5.201945 8.732881 0.464155 0.515434
4 43000 (6.279191 9.746417 0.582136 0.641830
4 48000 |6.530390 10.856594| 0.714194 0.710474
4 53000(5.584094 8.564440 0.687070 0.802504
4 58000 |5.780553 9.644971 0.716801 0.758962
4 100000 (4.727817 5.934087 0.878556 1.319868
4 175000 |5.448359 6.621513 1.568893 2.360439
4 250000 (4.878576 5.986824 . b 3.080122
4 325000|5.026647 6.071518 1.478213 3.497813
4 400000 (4.931068 6.251364 1.411950 3.792004
4 475000 [5.175195 6.054390 1.540716 4.399198
4 550000 4.721282 6.188087 2.244839 5.366321
4 625000 5.325289 6.460147 2.400508 5.796827
4 700000 5.025970 6.081645 2.289285 4.450102
4 775000 5.077177 6.375518 1.968079 6.164045
4 1600000 4.487717 5.973639 2.106507 6.646305

( |nte| inside™
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omp-avx

.007216
.019413
.040232
.036668
.038610
.056626
.048937
.051402

.128050
.193505
.290511
.345353
.441958
.454448

.509071
.698884
771777
.789339
.669321

44034
.293030
. 0084

.871850
.456234
-961002

.364587
.581739

o0 oYo|viullbhww

.452627
.451980

.873554




5,120466
5,100697
5,87354
4,006696
5,928129
5,914971
6,136928
3,625149
5,366205

5,377836
5,467541
3,439414
6,145498
5,602293
3,651924
4,325478
5,344566
3,394827
2,92513

paralelo
0,006961
0,018527
0,025237
0,028645
0,047813
0,04096
0,096049
0,056819
0,275751

par-sse
0,007976
0,019199
0,018768
0,028572
0,045871
0,041637
0,08198
0,083723
0,308482

par-avx
0,007733
0,024487
0,022152
0,031312
0,058856
0,044753
0,090705
0,056368
0,167263

475000
550000
625000
700000
775000

5,650757
5,378613
5,455341
4,332689
8,326956
9,114913
5,170053
5,210785
5,493798
6,626612

0,226637
0,228434
0,295721
0,742731
0,313853
0,466137
0,508983
0,850372
0,496729
O 449592
O 809254

1,435339
1,029353
2,268344
1,760256
0,994659
1,354462
1,353711
1,976836

0,283092
0,226463
0,452585
1,173807
0,530278
0,652428
0,849662
1,102567
0,997676
1,038654

3,580122
4,393953
2,566014
5,222454
5,362133
3,652667
3,806535
5,046172
6,063766

0,288199
0,274847
0,393425
1,129087
0,550274
0,660754
0,892413
1,063841
1,122946
1,654736
3,772102
5,224546
2,581704
5,578356
6,651941
3,787279
4,207494
5,258175
6,83476
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paralelo  par-sse
0,00451 0,007176
0,009429 0,009844
0,021008 0,022314
0,017437 0,019091
0,021293 0,020634
0,02385 0,025531
0,032549 0,033586
0,029229 0,035612
0,06186 0,059666
13000 0,100071 0,095549
18000 0,145557 0,134335
23000 0,181337 0,193445
28000 0,198765 0,225106
33000 0,337265 0,37874
38000 0,277694 0,290027
43000 0,36407 0,439327
48000 0,352198 0,381641
53000 0,438963 0,459395
58000 0,37989 0,469522
100000 0,739172 0,914931
175000
250000 1,009675 1,323714
325000 0,816696 1,266589
400000 1,096809 1,321833
475000 1,033995 1,534835
550000 1,140105 1,752792
625000 1,225554 1,576875
700000 1,201009 1,544038
775000 1,215632 1,676861

D

—
=

—
N

4
4
4
4
4
4
4
:
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
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BLAS1 82

sasum
4 float sasum seq(int n, float *x)
5
6 float temp = 0.0;
7 int i;
8
9 for (i=0;i<n;i++) { a
10 temp = temp + fabsf (x[i]);
11 }
12 return temp;
13}
TH N sse avx omp omp-sse omp-avx
4 500|3.755602 7.056579 0.009096 0.012343 0.012816
4 1000(3.896729 7.461647 0.021436 0.020980 0.020767
4 1500|3.916976 7.595592 0.031038 0.031503 0.032553
4 2000(4.136918 8.483646 0.044332 0.046788 0.049170
4 2500(3.913734 7.748089 0.053087 0.048445 0.056902
4 3000|3.965249 7.817710 0.060765 0.065268 0.079763
4 3500|3.965261 7.861194 0.079391 0.074859 0.067761
4 4000|3.974606 7.824382 0.080439 0.083763 0.082848
4 8000|3.988813 7.912733 0.143983 0.174466 0.166600
4 13000(3.984980 7.591788 0.245359 0.253071 0.267229
4 18000(4.116374 7.955150 0.359060 0.371000 0.353085
4 23000(3.991938 7.749455 0.356711 0.446517 0.419361
4 28000(3.989341 7.794235 0.428127 0.570741 0.593943
4 33000|3.988862 7.824058 0.458241 0.534981 0.634821
4 38000(4.013761 7.892354 0.523385 0.717776 0.799232
4 43000{4.018853 7.932750 0.571564 0.905489 0.813570
4 48000(3.263050 7.892127 0.713562 0.820963 0.945303
4 53000|4.227758 8.349568 0.839050 0.947290 1.055483
4 58000|3.638163 7.800860 0.743441 0.931279 1.089243
4 100000{4.017308 6.628374 042456 1.632484 1.991372
4 175000[3.804675 6.141582 1.30010 |£./6bbU/| | z.bbszy|
4 250000 3.993708 7.198189 1.475055 3.427371 4.129783
4 325000 3.974354 7.302824 1.540007 3.181720 4.992826
4 400000 3.993125 7.438208 2.007767 4.268265 5.550488
4 475000 3.934113 7.175837 2.225995 4.700428 7.153975
4 550000 4.180381 7.870000 2.134066 4.824365 6.657624
4 625000 3.995093 7.365090 1.940175 4.990853 6.812897
4 700000 3.990064 7.396287 1.905379 5.045722 6.921881
4 775000 4.036404 7.722606 1.794016 5.057250 7.279073
4 1600000 3.846017 6.848869 2.929527 8.618821 11.699637
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500
1000
1500
2000
2500
3000
3500
4000
8000

3,706777
3,904674
3,259887
3,535527
3,949716
4,002759
3,032122
3,818272
3,866139

13000
18000
23000
28000
33000
38000
43000
48000
53000
58000

3,666805
3,359562
3,5664
3,987406
4,046647
3,051678
3,428244
3,534883
3,846567
3,651007

paralelo  par-sse par-avx
0,009304 0,01679 0,016807
0,017602 0,027189 0,025908
0,029302 0,050131 0,05037
0,038549 0,0443 0,066799
0,041084 0,07359 0,081608
0,052317 0,098212 0,098975
0,108127 0,114753 0,115437
0,069354 0,090313 0,068253
0,182161 0,250148 0,203797

3,947727
4,012306
3,200025
3,883455
4,041547
4,113315
4,020651
4,215205
3,292957
3,331286

0,345093 0,384649 0,217091
0,376224 0,516254 0,47251
0,419856 0,637941 0,517845
0,586275 0,611023 0,657429
0,611326 0,777925 0,629188
0,64019 0,886177 1,044995
0,746556 1,057007 1,157818
0,790656 1,152229 0,963376
0,644047 1,180896
0,991391

1,477863
1,510287 1,596921
1,342904 1,999894 2,798355
1,369031 2,582787 3,09004

1,499529 3,162902 3,759868
1,493079 3,204768 4,086879
1,575141 3,62913 4,573707
1,595257 3,833397 4,991854
1,697176 5,032887 6,75395

1,645199 4,626686 5,529011
1,738549 4,486216 6,445579
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paralelo
0,007203
0,011246
0,021274
0,027006
0,031504
0,044705
0,03898
0,042414
0,08625

par-sse
0,007318
0,010402
0,021039
0,029589
0,028894
0,044182
0,040157
0,047293
0,086986

0,206769
0,21033
0,2654
0,278263
0,372695
0,414992
0,550988
0,491954
0,711179
0,57672
0,887093

1,571234
1,669351
1,511878
1,527916
1,487034
1,578024
1,649164
1,685934

0,204459
0,199431
0,308297
0,312586
0,354275
0,452071
0,596227
0,593409
0,875508
0,678633
1,053048

1,943842
2,523432
2,070768
2,177743
2,317905
2,453061
2,534136
2,590957
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TH

>~ AP DDPADMDADD DDA DDADDA DA DDADDMDDADN

dasum

4
5
6
7
8

9
10
11
12
13
14

double dasum seq(int n, double *x)

{

double temp

int 1i;

0.0;

for (i=0;i<n;i++) {

}

return temp;

temp =

temp + fabs(x[i]);

N

500
1000
1500
2000
2500
3000
3500
4000

8000
13000
18000
23000
28000
33000

38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
625000
775000

1600000

sse

avx

.965227
.889883
.988207
.991129
.987857
.990244
.992864
.993468

.995236
.995052
.997550
.998503
.853593
.947158

.986104
.004434
. 986094
.897431
.734925
.916770

R RRNRPRNRRRRRNR RRRPRRRR RRRRRRRR

.937069
.026549
.995574
.995074
.059404
.850713
.982970

.909178

.692572
.935507
.9034438
.936929
.946249
.967503
. 954940
.972458

.831210
.708901
.921017
.937040
.858655
.824870

.379890
.248106
.192626
.188891
.294249
.524866
.675294
.837723

.713022
.752347
.896185

.458782
.766210

.041291

w wWwwwwwwwuwwwww wWwwwww wWwwwwwww
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w NNNNN

omp

.012381
.026988
.031311
.009996
.061267
.058833
.071512
.080046

.154713
.281638
.305401
.410152
.411443
.591334

.594745
.570441
.742776
.770311

1.303043
098

.277951
.231865
.668183
.642501
.968513

.324685

( |nte| inside™
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omp-sse omp-avx
0.012617 0.011772
0.027973 0.030118
0.031285 0.031787
0.036870 0.048276
0.065581 0.062355
0.061341 0.063030
0.075300 0.073894
0.084486 0.083143
0.166561 0.180837
0.247444 0.324399
0.312318 0.304539
0.464224 0.434817
0.528687 0.473612
0.553429 0.542677
0.594875 0.698411
0.696504 0.824815
0.729469 0.866814
0.833073 0.937331
|_().984228 1.028638
1.401266| [1.586795
1.966115 |2.821064
2.040489 [2.812621
3.126455 |4.126724
2.886798 [4.874601
2.967272 (4.302822
4.312144| [5.752732
4.992441| (6.249128
4.566268| [5.324810




500
1000
1500
2000
2500
3000
3500
4000

1,969485
1,975247
1,984228
1,986817
1,993059
1,993944
1,991196
1,993372

paralelo
0,011564
0,017842
0,027574
0,035203
0,045073
0,051506
0,090079
0,084027

8000
13000
18000
23000
28000

1,995496
1,531209
1,998711
1,999644
2,002535

par-sse
0,008391
0,021184
0,029538
0,041433
0,055522
0,061527
0,056586
0,076337

par-avx
0,009554
0,021205
0,031724
0,045005
0,061396
0,068147
0,068331
0,081897

0,202865
0,297171
0,375756
0,438257
0,510773

33000
38000
43000
48000
53000
58000
100000
175000
250000
325000

1,995722
1,991533
1,537385
1,987009
1,640773
1,614603
1,966491
1,964492
1,884188
1,570355

0,235113
0,291665
0,32974
0,53212
0,558976

0,16629
0,250713
0,322243
0,340946
0,414427

0,623465
0,680733
0,648721
0,733514
0,684741
0,77777

1,215649
1,321071
1,513451

1,969668
1,95527
1,931423
1,954516
1,929295
2,073202

0,669937
0,731124
0,828445
0,822818
0,742109
0,930217

1,787956
1,827526
1,696621

0,500017
0,665301
0,651399
0,789436
1,213167
0,99721

2,252314
2,330161
2,606922

1,435229
1,481017
1,506287
1,660695
1,567353
1,697343

2,194285
2,294939
2,365822
2,672647
2,500699
2,678066

3,01339
3,116586
3,196461
3,103421

3,24222
3,472375
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paralelo
0,006773
0,013659
0,01675
0,023047
0,027565
0,036986
0,047472
0,051253
0,104217
0,145287
0,251709
0,30577
0,349948
0,409192
0,397558
0,345594
0,491457
0,539298
0,679019

par-sse
0,007097
0,013639

0,01754
0,024885
0,025222
0,042403
0,048507
0,078492
0,090157
0,140851
0,237498
0,325823
0,420365
0,503502
0,418909
0,392924
0,485762
0,540459
0,81148

1,483554
1,742841
1,129206
1,253941
1,45754
1,196585
1,221482
1,351046
1,207482

1,403026
1,485797
1,172445
1,48996
1,365158

0,914816
1,183303
1,831764
1,587059

700000
775000

(intel.
Core‘“2]
Quad
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Swap 3 woilid iswap seg(int n, 1:!1: *X, il!t. *3r)
. é ‘ int i, temp; )
|swap () for (i = o0; 41i = n; ++1) q

7 temp = x[1i];
8 x[1] = wI[i]l ;
o v [il = temp:;
10 i }
11 }

TH N sse avx omp omp-sse omp-avx

4 500/ 3.660000 6.838078| 0.006899 0.008815  0.009383

4  1000/4.083871 7.013850 | 0.014559  0.015006  0.015085

4 1500 |4.107875 7.651708 | 0.022555  0.023411 0.019965

4  2000|4.138420 7.902185 | 0.029302 0.030044 0.031186

4  2500[4.209530 8.044681| 0.036006 0.036136  0.037387

4  3000/4.194249 7.999646| 0.041165  0.042360 0.042669

4  3500/4.166824 7.964103 | 0.043506 0.044857 0.055281

4  4000/4.179997 8.056177 | 0.049666 0.054561  0.055851

4 8000(2.514727 2554422 | 0.123993  0.111669 0.108761

4 13000(2.516013 2537439| 0.178460 0.156535  0.170540

4 18000|2.580781 2564287| 0.162542  0.234478 0.230320

4 23004 2.530939 2565743| 0.280691 0.303060 0.288105

4 28004 2.531603 2571855 | 0.369290 0.377087 0.376877

4 33009 2.318461 2530015 | 0.443731 0.370937 0.508444

4 38004 2.326408 2442604 0511454 0542631 0.472313

4 43004 2.206246 2186314 | 0552926 0.585465 0.630735

4 48004 2.065071 2.124821 0.608399  0.603206 0.609631

4 53004 2.084598 2132902 | 0571937 0.726026  0.715292

4 5800( 2.042874 1537377 | 0.698309 0.693529 0.686361

4 100000 2.093686 2.158406 | 0.894404 |[1087779] [1.241409 |

4 175000 2.070705 2.128513 1811265  1.824692

4 250000 2.050620) 2.092985| 1.246212 1.265393 1955040

4 325000 2.037929 2.079484 1537381 2.320679| |2.285828

4 400000 2.033444 2078092 1216327 2.566843| |2.776439

4 475000 1.980440 2069004 1566048 | 2.616062| |2.865506

4 550000 1.962072 1530968 1125421 3.342266| |3.093609

4 625000 1.992793 2.012111 1.714008 2.766668| |3.014770

4 700000 1.614639 1629928 1931851 3.465991| |3.496285

4 775000 1.965802 2.020087 1.879730 | 2.944836| |3.238396

4 1600000 1.966429 2035974  3.262068 | 3.096790| |3.391762

Clemente Rodriguez, Marcos Ruiz

( |nte| inside™




paralelo

par-sse

par-avx ‘

intel) insice:
(s

P
CORE'"i5
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500 | 3,549812 0,006413 0,011774 0,01184
1000 | 4,012579 0,011826 0,01328 0,017054
1500 | 2,982811 0,019531 0,036184 0,036533
2000 | 3,763434 0,060329 0,062289 0,069866
2500 | 4,655158 0,036845 0,059521 0,065498
3000 | 3,629019 0,046091 0,041481 0,041172
3500 | 3,979734 0,075245 0,079367 0,081436
4000 | 4,116289 0,083779 0,090953  0,09084
8000 | 2,647613 0,157277 0,204907 0,16669
13000 | 2,631147 0,248758 0,318616 0,232289
18000 | 1,933266 |2,547369 0,259168 0,284004 0,248922
23000 | 1,860741 0,337434 0,44072 0,271919
28000 | 1,790171 0,307409 0,49304 _0,301595
33000 | 2,564068 0,566786 0,716963 0,905234
38000 | 3,077958 0,62867 0,720917 0,638697
43000 | 2,054463 0,652717 0,739458 0,625807
48000 | 1,822016 0,562485 0,836738 0,593282
53000 | 2,738809 0,658746 1,116635 1,286808
58000 | 2,740845 0,596053 0,965792 0,870434
100000 | 2,553623

175000 | 2,415206 1,151743 1,59845 1,603925
250000 | 2,135368 1,157155 1,602391 1,549832
325000 | 3,29638 1,961825 3,013076 3,13618
400000 | 1,901227 1,897632 1,297589 1,828698

475000 | 2,090806 2,389981 1,339942 2,225761

550000 | 2,302181 2,675473 1,662682 3,155992

625000 | 2,371518 2,45359 1,744957 2,637471

700000 | 1,977308 1,970997 1,575531 2,217626

775000 | 2,195613 2,180514 1,792859 2,417309




th
4
4
2
4
4
2
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

8000
13000
18000
23000
28000
33000
38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000
700000
775000

paralelo
0,004324
0,01146
0,015597
0,024667
0,025926
0,024444
0,035544
0,033531

par-sse
0,004304
0,011
0,016056
0,025084
0,029347
0,025227
0,037653
0,03516

0,106805
0,158239
0,275546
0,265906
0,257116
0,39695
0,367843
0,415091
0,337102
0,341279
0,376247
0,443716
0,51299
0,78982
0,523104
0,493058
0,517719
0,475604
0,604754
0,446343

0,096271
0,139499
0,295006
0,300159
0,280523
0,450536
0,260058
0,516637
0,39385
0,39053
0,435559
0,569002
0,614374
1,107131
0,754557
0,799112
0,70436
0,623789
0,860168
0,682792

0,785046

1600000 | 1,198099

( intel)
Core‘"ZJ
Quad
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0,996018




sswap . .
3 void sswap seq(int n, float *x, float *y)
4 {
5 int i;
6 float temp;
7 for (i = 0; i < n; ++1i){
8 temp = x[i] ;
9 x[4i] = yl[il;
10 v[i] = temp;
11 1
12 1
@iﬂside‘“
TH N  sse avx omp omp-sse omp-avx COREi7
4 500| 3.371534 6.090150 0.007084  0.007106 0.004067
4 1000|3.829753 6.977495| 0.010808 0.014238 0.014236
4 1500|3.711646 7.251362 0.019805 0.020574  0.018798
4  2000(3.817765 7.631409 0.029697 0.028854  0.028948
4  2500(3.859603 7.565812 0.031776 0.034170 0.034210
4  3000(3.937442 7582445 0.043129 0.043521 0.045405
4  3500(3.880370 7568502 0.037928  0.050116 0.047185
4  4000|3.869755 7.514597 0.051699 0.056289  0.055118
4 8000(2.505626 2.560265| 0.108536 0.104135 0.114210
4 1300Q 2.527251 2.559293| 0.174296 0.177489 0.178722
4 18000 2.512554 2563499 0.260676  0.250451 0.223495
4 23000 2.610880 2.647943 0.253542 0.328611 0.321779
4 28000 2.868175 2.993403| 0.298976  0.408976  0.411720
4 33000 2.499488 2.532702 0.367455  0.389213 0.393380
4 38000 2.332522 2.401494 0.454027  0.468166 0.503888
4 43000 2.219003 2.341744 0.648490 0.598649  0.602189
4 4800Q 2.128420 2.180054 0.621071 0.612939 0.561868
4 53000 2.082740 2.060204| 0.724686 0.651591 0.718728
4 58000 2.152618 2.206209| 0.708574  0.727412 0.744731
4 10000£ 2.011606 2.071070| 0.841696 [ 1137968] [ 1.039329
4 175000 2.125320 2.136603 0.962528  1.841855 1.984916
4 250000 2.048598 2.094769 1.275962 1.977074 2.252364
4 325000 2.098520 2.140630 1.826282 2.974998 2.966890
4 400000 2.068795 2.072086  1.360187 2.438887| | 2.579294
4 475000 1.978652 2.071849 1.559945 2.630831 2.666863
4 550000 1.962228 1.907504 1.741101 2.910638 2.942876
4 625000 1.976808 1.933032 1.580201 2.837796| | 2.747562
4 700000 1.684886 1.881127 1.527633 3.473523 2.808752
4 775000 1.787477 1.821768 1.956924 3.030555 2.793813
4 1600000 1.836230 1.921820 3.103400 3.548694| | 3.622374

Clemente Rodriguez, Marcos Ruiz




paralelo

par-sse

par-avx

500 |3,312727 0,00635 0,011276 0,009565
1000 | 3,627907 0,01695 0,029896 0,035999
1500 | 3,462452 0,027254 0,033237 0,033431
2000 | 3,830979 0,034031 0,025007 0,039798
2500 | 3,870996 0,030569 0,053861 0,053877
3000 |2,185866 0,048675 0,034804 0,057663
3500 | 3,448619 0,092604 0,073383 0,086281
4000 | 3,901931 0,049519 0,069377 0,085852
8000 |2,522068 0,140374 0,173742 0,175527
13000 | 3,329303 0,330593 0,441189 0,448243
18000 | 3,394795 0,390582 0,536104 0,656967
23000 | 3,172806 0,381735 0,513525 0,515814
28000 | 2,922544 0,477324 0,490614 0,608068
33000 | 1,911673 0,33602 0,597818 0,444801
38000 |3,031514 0,493227 0,796747 0,66065
43000 |2,627394 |3,164023 0,778227 0,731595 0,793529
48000 | 3,028955 0,700024 0,98864 1,007909
53000 | 2,302147 -0,699241 0,822979 0,734071
58000 | 2,266817 |2,323674 0,561578 0,722045 0,725319
100000 | 2,679654 0,978628 |1,226093  1,21705 |
175000 | 2,343103 0,959705 1,436289 1,509351
250000 | 2,196738 1,905054 1,81947
325000 | 3,16474 1,610235 2,721049 2,907674
400000 | 1,841104 0,99109 1,635686 1,508984
475000 | 1,956253 1,993099 1,39229 2,094245

550000 | 2,208676 2,370669 1,991473 2,965453

625000 | 2,078668 2,106598 1,577202 2,295336

700000 | 2,10949 2,107161 1,903254 2,738509

775000 | 1,755816 1,894262 1,343773 2,757598

( i nter inside™

L
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2
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7| 1600000 | 0,972466
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th paralelo par-sse
14 0,004173 0,004455
4 0,00833 0,008206
4 0,013193 0,012905
14 0,021345 0,020963
4 0,025469 0,025764
4 0,038559 0,039747
14 0,043951 0,047398
4 0,043265 0,044386
4 8000 0,106478 0,095509
“8 13000 0,138916 0,178469
48 18000 0,222558 0,277587
48 23000 0,0958 0,065388
48 28000 0,267592 0,288818
“8 33000 0,381269 0,438468
“8 38000 0,308434 0,337128
“S 43000 0,325698 0,356497
“8 48000 0,349447 0,405902
“8 53000 0,365445 0,431873
“5 58000 0,367812 0,441998
“5 100000 0,672209 0,746851
“8 175000 0,497371 0,564909
“8 250000 0,651859 0,766777
“8 325000 0,62546 0,748127
“¥| 400000 0,584378 0,646799
“8 475000 0,558192 0,65247
“5 550000 0,558274 0,677013
“8 625000 0,648513 0,777389
“5 700000 0,727648 0,758302
45| 775000 0,620669 0,683978




dswap 5]

3 void dswap_ seg(int n, double *x, double *y)

; { int i;

& double temp; )

7 for (i = 0; i = n; ++1i) 4

8 temp = x[1i];

9 x[1] = y[i];

no v [il = temp;

ni

hz |

@inside'“

TH N  sse avx omp omp-sse omp-avx =
4 500 1.959227 3.594488 | 0.007287  0.007096  0.006982
4 1000| 1.965193 3.839180 0.017965 0.014851 0.020360
4 1500] 1.984142 3.870087 | 0.008284  0.023594  0.024265
4 2004 1.983209 3.855003 | 0.023847 0.028772  0.010717
4 2500 1.339044 1.370070 0.040990 0.046876  0.042120
4 300Q 1.341613 1.368554 0.040144 0.049262  0.047603
4 3500 1.351648 1.367165 0.066708  0.070945  0.065354
4 400Q 1.547824 1.563505 0.081728 0.077577  0.073038
4 8000 1.297773 1.364604 0.112487 0.124936 0.120463
4 13000 2.418525 2443570 | 0359376  0.349723  0.315461
4 18000 1.258958 1.190913 0.280938  0.258959  0.257644
4 23000 1.242749 1.289746 0.333468 0.332866  0.370384
4 28000 1.168799 1.295633 0.405687 0.424767  0.422944
4 33000 1.244920 1.265643 0.444096  0.462491 0.487131
4 38000 1.299381 1.343149 0.602672  0.525452  0.619357
4 43000 1.238731 1.271210 0.621291 0.615582 0.644284
4 48000 1.205947 1.225917 0.604194 0.623216 0.611749
4 53000 1.181695 1.259381 0.692784  0.710355 0.722960
4 58000 1.272265 1.294437 0.724604  0.798617 0.809161
4 10000D 1.226502 1.302713 1156686 [ 1.176751 |
4 175000 1.229709 1.255652 1.243711 1.440911 1.418433
4 250000 1.213531 1.228336 1.398575 1.590798 1.346003
4 325000 1.147907 1.094847 1.407572 1.791352 1.794521
4 400000 1.174471 1.208928 1.488838 1.788112 1.940271
4 475000 1.118213 1.218744 1.763883 2.136689 1.794056
4 550000 1.061141 1.158202 1.581105 1.740585 2.078177
4 625000 0.964782 1.249598 1.716631 1.924265 2.169114
4 700000 0.953310 1.301554 1.783787 2.189477 2.306167
4 775000 1.126276 1.290591 2.127456 2.132637 2.478696
4 1600000 1.170473 1.174806 2.058144 2.163900 2.248324

Clemente Rodriguez, Marcos Ruiz




paralelo

par-avx

par-sse

500 2,055926 0,011298 0,01471 0,014497
1000 1,96627 0,011783 0,014333 0,014333
1500 1,97506 0,01785 0,021137 0,021146
2000 [ 1,976365 0,023331 0,028315 0,028439
2500 | 1,345281 0,03394 0,040905 0,040818
3000 | 1,346152 0,058881 0,061613 0,07137
3500 | 1,350603 0,043276 0,055885 0,055399
4000 | 1,355126 0,075867 0,050183 0,062413
8000 | 1,351673 0,126453 0,097416 0,121375

13000 | 1,351472 0,179103 0,157001 0,196236
18000 | 1,296622 0,208219 0,268356 0,271476
23000 | 1,20945 0,267147 0,274753 0,30113
28000 | 1,217122 0,3101 0,322166 0,355402
33000 | 1,213914 0,367967 0,380066 0,393394
38000 | 1,442379 0,506572 0,600915 0,512819
43000 | 1,223197 0,478914 0,48611 0,485719
48000 | 1,255471 0,450512 0,549186 0,599639
53000 | 1,477907 0,654885 0,837859 0,846315
58000 | 1,220219 - 0,55072 0,624714 0,621332
100000 | 1,21756 0,810816 0,873713 0,894744
175000 | 1,284037 1,317017

250000 | 1,268488 1,266237 1,170257 1,552608

325000 | 1,171684 1,150828 0,966809 1,238815

400000 | 1,418396 1,448822 1,611507 1,704374

475000 | 1,113889 1,089721 1,206472 1,306341

550000 | 1,084134 1,129884 1,313199 1,443451

625000 | 1,064743 1,130845 1,322857 1,332754

700000 | 1,358127 1,370692 1,593732 1,734303

775000 | 1,15593 1,153419 1,370498 1,487985

‘ |@ inside™

i
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paralelo

par-sse

400000

0,006799 0,007125
0,015343 0,014593
0,026639 0,027451
0,027942 0,028684
2500 0,042593 0,042645
3000 0,059111 0,066971
3500 0,066069 0,039911
4000 0,069169 0,072735
8000 0,177626 0,212363
13000 0,227839 0,294728
18000 0,302582 0,337749
23000 0,252959 0,325208
28000 0,29401  0,34181
33000 0,332626 0,337009
38000 0,42056 0,572084
43000 0,364965  0,40683
48000 0,525343 0,617943
53000 0,423494 0,597813
58000 0,484849 0,553913
100000 0,424176 0,447361
175000 0,580137 0,598298
250000 0,569015 0,620359
325000 0,528026 0,568256

475000
550000
625000
700000
775000

1,129863
0,990841
0,955979
0,961676
0,930645

1,372243
1,428072
1,447355
1,74224
1,61513

( intel)
Core'"Za
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axpy P P
iGXPY j Toid iaxpy seq(int n, :ng;: a, int *x, int *vy)
5 L int 1i;
[ for (1 = 0; 1 < n; ++1)
7 y[il = a*x[il+y[il;
8 )
@inside‘“
TH N sse avx omp omp-sse omp-avx i g
4 500 |3.138960 5.655914 | 0.006232 0.006387  0.008604
4 1000 |3.034962 5041987 | 0.014463  0.014150  0.012694
4 1500 |3.310484 5.919578 | 0.013006  0.027966  0.027548
4  2000|3.317916 6.338242| 0.027073 0.028707  0.028069
4 2500 4.324566 8.130061 | 0.041923  0.044886  0.044145
4 3000 [3.387492 6.402105| 0.041737  0.028822  0.050243
4  3500[3.387018 6.513972| 0.048692 0.049266 0.046386
4 4000 [3.105572 6.467362| 0.056068 0.018919  0.061951
4  8000[]2.830533 3.294553| 0.127760  0.107186  0.116540
4 13000(2.775973 3.489239| 0.181843  0.211653  0.195761
4 18000(2.801734 3.605621| 0.255118  0.253749  0.255300
4 230002.566795 3514968 | 0.332523 0.305835  0.266418
4 280002.570849 3.277314| 0.391673  0.368396  0.351384
4 330002.461994 2705150 | 0.366071  0.430918  0.400560
4 38000 2.388239 2.677457| 0.365887 0.438982  0.484846
4 43000 2.457752 2.842962| 0537959 0501530  0.617915
4 48000 2.485851 2.990382| 0.604153 0588425 0.692733
4 53000 2.592947 2.831081 | 0.639376 0.606556  0.703306
4 58000/ 2.441782 2921156 | 0.720826 0.705167  0.796943
4 10000Q 2.097423 2554775 0.906088 | 1.201316 | | 1.119310 |
4 17500Q 2.327534 2.446836 1752768  1.788499
4 250000 2.527628 2.822664| 1426717  2.256946  2.494580
4 325000 2.321447 2426782 1595173 [ 2.263627| | 2.458649
4 400000 2.318670 2.391418 1565922 | 3.375220| | 3.404729
4 475000 2.303435 2.349349 1521975 | 2.720220| | 3.028714
4 550000 2.090155 2411522 1652159 | 3.104599| | 3.131451
4 625000 2.273994 2.002382  1.416058 | 3.139333| | 3.786664
4 700000 2.172303 2.233573 1510817 2.857253| | 3.098030
4 775000 1.878321 2.080268 1651770 | 2.652089| | 3.208705
4 1600000 1.765495 1779885 1639207 | 2.793516| | 2.639490




th
2| s00 | 3,069514
2| 1000 | 3,059746
()| 1500 | 3,103421
2| 2000 | 3,156832
2| 2500 | 4,083839
(2| 3000 | 3,431441
[P} 3500 | 3,35031
(2| 4000 | 4410341
2| 8000 | 2,605338
2} 13000 | 2,3788
3 18000 | 3,131473
M 23000 | 2,684413
22| 28000 | 2,610138
2 33000 | 2,561112
"2 38000 | 1,810959
(P2 43000 | 2,165881
P2 48000 | 1,959161
3 53000 | 2,273614
(P2l 58000 | 1,643378
2| 100000 | 2,200729
(P2 175000 | 1,986219
’} 250000 | 2,890947
"} 325000 | 2,208004
(71| 400000 | 2,225765
'} 475000 | 2,23693
550000 | 2,01629
625000 | 1,910844
/2| 700000 | 2,917293
"} 775000 | 2,766964

paralelo
0,006072
0,013072
0,024643
0,037386
0,035333
0,055667
0,064954
0,09359

par-sse
0,007595
0,016968
0,057246
0,041606
0,043492
0,062563
0,042693
0,109173

par-avx ‘
0,007664
0,02155
0,039868
0,043066
0,043595
0,039032
0,060372
0,096403

0,069089
0,151761
0,384568
0,379254
0,268344

0,150778
0,239499
0,53165
0,34278
0,363132

0,167316
0,15863

0,671532
0,579567
0,485533

0,388528
0,378518
0,493817
0,563257
0,557183
0,581171
0,73056
0,977028

1,076091

0,520714
0,621463
0,60376
0,723643
0,704286
0,799579
0,888387

2,793054
1,638598

0,404439
0,651909
0,56571
0,569363
0,644398
0,769268

1,900578
2,848558
1,8189

1,246066
1,257197
1,251681
1,130074
1,830318
1,332422

1,906927
1,966383
1,676649
1,942135
2,861749
2,624416

2,039725
1,979515
2,089431

1,65011
3,241672
2,489565

intel inside*
(inteD

e
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paralelo

par-sse

0,007606 0,008116
0,011764 0,011698
0,010805 0,014894
0,018123 0,017705
0,024316 0,02421
0,036736 0,031218
0,047152 0,041709
0,037843 0,036592
8000 0,096831 0,088399
13000 0,155087 0,142658
18000 0,176268 0,179808
23000 0,294427 0,304132
28000 0,260123 0,278681
33000 0,397051 0,441502
38000 0,429428 0,45563
43000 0,338223 0,371834
48000 0,393031 0,554686
53000 0,362876 0,423245
58000 0,361217 0,363197
100000 0,509682 0,583227
175000 0,64791 0,837655
250000 0,68544 0,831512
325000 0,6776 0,880914
400000 0,757202 0,889376
475000 0,771567 0,89097
550000
625000 | 0,868484 0,817082
700000 | 0,895052 1,010261
775000 | 1,12222 1,248753
1600000 | 0,788287 1,541253

(intel)
Core‘"2‘ i
Quad
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TH

B i i T N )

A BB DD DA

A BADABDADAMDAMDAMDMDMDAMDMDMDMDLDN

N

saxpy

N sse
500 3.576288
1000 3.411905
1500 6.653014
2000 3.851035
2500 3.921508
3000 3.942490
3500 3.902547
4000 3.860215

8000 2.831294
13000 3.000649
18000 3.053318
23000 2.891756
28000 2.724041
33000 2.798868

38000 2.388118
43000 2.789482
48000 2.554068
53000 2.574475
58000 2.975657
100000 2.164882
175000 2.793776
250000 2.435407
325000 2.319982
400000 2.343044
475000 2.443886
550000 3.130081
625000 2.392140
700000 1.785939
775000 1.605662

1600000 1.928259

BLAS1

100

1

W =1 3 Nk W

int i;
for

(i
yIi]

i <« n; ++1)
a*x[il+y[1];

U;

void saxpy seg(int n, flol a, fgat *X, fl.'at *y)
)

avx

fma

omp omp-sse omp-avx omp-fma

6.062603
5.950997
3.178760
7.407543
7.384551
7.584318
7.585486
7.471286

3.072308
3.406002
3.513367
38335553
3.133128
3.010794

2.575393
3.130293
2.721332
2.689611
3.276720

2.394022
2.902671
2.569648

6.312178

6.335102

3.266268
7.426996
7.366097
7.622526
7.682342
2.512936

3.068234
3.380520
3.502847
3.363028

3.117115
3.179151

2.591576
3.114701
2.712594
2.750101
3.208216
2.413550
2.883505
2.554842

0.007498
0.017586
0.041226
0.030173
0.037845
0.047542
0.053143
0.048061

0.007416 0.010777 0.010820
0.019039 0.018058 0.017209
0.040276 0.040206 0.038363
0.006711 0.027805 0.019076
0.039953 0.038594 0.039351
0.045545 0.051349 0.047353
0.056997 0.056653 0.057327
0.056233 0.039780 0.049940

0.109340 0.119421 0.125626 0.110809
0.183139 0.186623 0.168737 0.178057
0.277241 0.230705 0.238921 0.225120
0.313727 0.289317 0.317980 0.404954
(0.294782 0.342314 0.388711 0.393368
0.327548 0.443266 0.438944 0.448975

0.423548 0535917 0.457156 0.434625
0547469 0.588258 0.618263 0.615084
0557556 0521307 0.425034 0.686159
0591329 0561987 0.630998 0.686191
0.782420 _0.914592 0.772575__0.743620
0.845713 | 1.081701 [ 1.047792 |[1.067620
1308967 2.121300 2.223630 2171225
1118140 1947859 2.053535 0.395483

2.417456
1.749163
2526135
2.993391
2.697657
1.626708
1.759241

1.843286

2.400034
2.361075
2505522
2.873331
2.829993
1.964800
2.107361

1.904007

1.376175 2.459367 | 2.447678 2.444579
1461517 2.593670 |2.896228| 2.355990

1.774469 3.175569 | 3.06788¢4 2.910725
1916471 3.492293 |2.659368 | 4.190927

1.803816 3.846623 | 3.66555¢ 3.682741
1708977 3.038862 | 2.872965| 2.773879
1.821027 3.064414 B.679651 |4.067634

2531070 3.347168 | 3.738216| 3.556301

( |ntel inside™

CORE i7
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th fma paralelo  par-sse par—avx\ par-fma ‘
| 500 |3,593933 5,858054 0,008947 0,010855 0,009585 0,009678
)| 1000 | 3,47093 7,341532 -0,032287 0,034028 0,023531 0,04088
") 1500 |3,808596 7,086323 0,039613 0,042528 0,056496 0,056731
(2| 2000 |3,831235 4,835024 0,030184 0,038571 0,043469 0,043573
M 2500 |3,853029 7,007255 0,019769 0,080661 0,049034 0,086731
(0| 3000 |3,910162 7,22449 0,053091 0,049505 0,064671 0,057685
"} 3500 |3,838203 6,643501 -0,098587 0,09832 0,071342 0,131485
"2l 4000 |3,907405 7,466543 0,075549 0,07026 0,06578 0,072204
)| 8000 | 3,446677 4,884599 0,132473 0,204912 0,208489 0,292735
2| 13000 | 2,462128 2,867716 0,162015 0,183285 0,18608 0,186237
[°)| 18000 | 3,32462 4,805398 0,23927 0,404397 0,428968  0,4249
2 23000 | 3,230987 4,431687 0,469081 0,697216 0,723816 0,719696
2| 28000 |3,371136 4,951251 0,406478 0,967859 1,001255 1,00353
2| 33000 | 2,752689 2,217298 0,394488 0,458605 0,469613 0,471983
2| 38000 | 3,39415 4,435064 0,823818 0,764491 1,060792 | 1,259391 |
V2| 43000 | 3,14492 4,650795 0,798567 0,909051 0,785528
P3| 48000 |3,022529 3,738793 0,610108 1,239345 | 1,283126| 1,290586
"M 53000 |1,761166 2,153891 0,507582 0,760796 0,781711 0,742341
7| 58000 | 4,03318 4,557199 0,671318 0,381733 0,953065 1,164106
(72| 100000 | 3,020203 3,895312 1,066293 1,977895 1,662813 1,641814
72| 175000 | 1,853115  1,96533 0,720329 1,464895 1,428867 1,579351
[P}l 250000 | 3,117274 3,87064 2,793951 2,82899  2,835047
M 325000 | 3,441095 3,775535 2,192616 3,685566 3,507222 2,799502
2| 400000 | 2,342462 2,556777 2,497869 1,512689 2,25555  2,0243

"M 475000 | 3,017322 3,768753 3,785754 2,334286 3,900793 4,026145

22| 550000 | 3,15128 3,163932 3,096608 1,796305 2,937407 3,073688

2| 625000 | 2,51408 2,839382 2,770727 1,906015 2,912808 3,03343

21| 700000 | 1,982868 2,004225 1,996135 1,312273 2,014373 2,100548

/2| 775000 | 2,467659 2,433326 2,483966 1,387114 2,418637 2,25633

( intel‘ inside™
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th
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

X
>
<
I

8000
13000
18000
23000
28000
33000
38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000
700000

775000

paralelo
0,005509
0,011574
0,022727
0,02358
0,029135
0,029653
0,040141
0,043977

par-sse
0,005437
0,013317
0,023692
0,024372
0,032966
0,030442
0,042175
0,047946

1,193545

0,041957
0,129728
0,179019
0,247673
0,25713

0,317847
0,358024
0,459927
0,343682
0,371926
0,439801
0,516001
0,573964
0,640448
0,731726
0,598472
0,557419
0,632327
0,765525
0,748619

(intel.
Core" 2' a
Quad

Clemente Rodriguez, Marcos Ruiz

0,048546
0,122965
0,184942
0,2588
0,268972
0,325635
0,46543
0,580361
0,362723
0,413094
0,606873
0,571217
0,970687
0,797279
0,770394
0,76374
0,714175
0,834199
0,937354

0,780304




TH

R A

A A BDADAMDAMDAMDAMDAMDMDMDMDMDN I R

R R R

daxpy

N sse
500 2.026842
1000 1.952199
1500 1.987668
2000 1.922070

2500 1.257690
3000 1.545990
3500 1.592739
4000 1.446231
8000 1.646969
13000 1.428391

18000 1.557972
23000 1.387211
28000 1.422023
33000 1.444501
38000 1.442395
43000 1.463156
48000 1.211624
53000 1.318469
58000 1.239789
100000 1.264885
175000 1.057341
250000 1.217561
325000 1.217069

400000 1.210598
475000 1.015879
550000 1.068729
625000 0.936667
700000 1.032178
775000 1.124168
1600000 1.160132

g

BLAS1

d

103

! |

L

int
for

[+ T B R ) I S VY]

i;
(1
y[i]

a

i « n; ++1i)
a*x[i]+y[1i];

void daxpy seqg(int n, double a, double *x, double *y)
]

avx fma

omp

3.633421
3.757624
3.821121

3.365572

2.681085
3.791512

3.775018
3.795792

1.294396
1.617257
1.689815
1.546617
1.856902
1.563339

1.298618|
1.608456
1.674074
1.117355
1.860151
1572483

1.707210
1.526426
1.520411
1.519505
1.529863
1.544922
1.232792
1.279933
1.295142
1.335143
1.413816

1.649957
1535726
1524750
1.062802
1.300580
1562831
1.270920
1.284509
1.306491
1.337287
1431656

0.008124

0.013891
0.003891
0.036314

0.037204
0.044134
0.056721
0.059188

0.115622
0.052709

0.311031
0.269465
0.329038
0.391696
0.541991
0.516745
0.535144
0.576148
0.525761
0.801393

omp-sse omp-avx
0.008282 0.007353
0.014519 0.006406

0.024359 0.025750
0.037433 0.037460

0.037289 0.046293

0.048054 0.047829
0.061603 0.052937
0.059291 0.059739
0.117898 0.101915
0.170510 0.166216

0.271802 0.300228
0.320303 0.317723
0.371361 0.400252
0.410017 0.436184
0.489279 0.642376
0.563159 0.622999
0.606033 0.648869
0.640462 0.657622
0.631761 0.840185
0.918433 1.081600

omp-fma

0.007667
0.012798
0.029355
0.033421

0.032600
0.043540
0.057726
0.050744
0.107962
0.177835

0.299011
0.347554
0.434241
0.364429
0.602905
0.658656
0.641814
0.660577
0.663316
1.029256

1.320172

1445542 (1.322508

1.455001

1.286290
1.171644

1.257522
1.040938

1.080810 1.271756
1157614 1.121813
1.294479 1.252486
1221005 1.191482
1256372 1207220
1.253017 1.327224
1192572 1.181358

1.234195
1.428921

1.581395
1.688128
1713872
2.070239
2.018080
2.092019
1.723994

( lntel inside”

CORE i7

1.411107 |1.369657
1615477 | 1.429639

2.165227
2447112
2.199973
2.167120
2.268604
2.378517
2176265

1.806479
1.790424
2.267605

2.273885
2.114987
2.211081
2.191257

1533531
1.749905

2.314390
2.373812
2.251964
2.204581
2.048216
2.022032
2.283171
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fma paralelo par-sse par-avx par-fma
500 | 2,211938 3,751991 0,017163 0,014727 0,014893 0,014801
1000 | 1,873367 3,608763 - 0,031697 0,034059 0,020838 0,023329
1500 | 2,65524 3,107254 0,022739 0,034651 0,041332 0,04545
2000 | 1,913369 3,629691 0,049504 0,08383 0,084057 0,059024
2500 | 1,260233 1,285395 0,048693 0,04904 0,055257 0,055199
3000 | 2,140305 2,22924 0,101365 0,10678 0,08234 0,072762
3500 | 1,360417 1,438599 0,052691 0,049721 0,054055 0,054551
4000 | 1,893718 2,729808 0,09083 0,088582 0,115782 0,115648
8000 | 1,457834 1,618705 0,09691 0,155188 0,156822 0,159048
13000 | 1,794204 2,271806 0,325048 0,365327 0,376342 0,37797
18000 | 1,275465 1,22359 0,274362 0,316764 0,325285 0,328765
23000 | 1,591614 2,316856 0,488577 0,597956 0,421552 0,618588
28000 | 1,317911 1,055884 0,328809 0,372951 0,381264 0,343719
33000 | 1,565201 1,849387 0,514251 0,742807 0,795065 0,796157
38000 | 1,243325 1,549484 0,4004  0,49922 0,643601 0,587679
43000 | 2,035966 2,210807 0,709442 0,829513 0,897576 0,911911
48000 | 1,087945 1,228828 0,382799 0,536368 0,574752 0,637353
53000 | 1,181627 1,397804 0,622436 0,751186 0,77052 0,692334
58000 | 1,272416 1,457374 0,650938 0,754548 0,836808 0,792192
100000 | 1,116985 1,523951 0,766656 0,964989 1,01565 1,011536
175000 | 1,229663 1,174573 0,91775 1,098237 1,082047
250000 | 0,942665 1,106994 0,770065 0,944192  0,6066
325000 | 1,517235 1,932719 1,862281 1,462616
400000 | 1,210537 1,31947 - 1,465898 1,62606 1,664698 1,306584
475000 | 1,122394 1,205954 1,006213 1,061586 1,025718 1,097883
550000 | 1,173193 1,14362 1,134837 1,092752 1,338226 1,375968
625000 | 1,270734 1,267895 1,434471 1,648163 1,877859 1,890025
700000 | 1,543436 1,542041 1,523746 1,677014 1,762801 1,684856
775000 | 0,76149 1,167911 1,302404 1,478055 1,336403 1,570277

( intel‘ inside™

CORE"i5
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2500
3000
3500
4000
8000
13000
18000
23000
28000
33000
38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000
700000
775000

paralelo
0,004732
0,01161
0,02096
0,021404

par-sse
0,004705
0,012012
0,021186
0,021053

0,037799
0,035472
0,048289
0,057648
0,092084
0,18979
0,186855
0,235346
0,243724
0,284452
0,303688
0,288359
0,334826
0,349222
0,30536
0,373669
0,519507
0,629717
0.631238

1,074811
1,074834  1,71289
0,996039 1,547366
0,97438 1,898426
0,789363 1,553055

( intel)
Core‘"24a
Quad
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0,039006
0,036808
0,050315
0,057462
0,112399
0,217947
0,194331
0,240936
0,268672
0,290349
0,310139
0,304639
0,354674
0,365518
0,360928
0,407067
0,530467
0,551694
0.729582




rot _ _
2 \{Oid irot_seqg(int n, int *x, int *y, int c, int s)
ir‘o‘r ig iE: éemp

12 )

13 for (i = 0; i = n; ++1i){

14 temp = c*x[i] + s*y[1];

15 y[il = e*y[i] - s*x[i];

16 x[i] = temp;

17 }

is8
TH N sse avx omp omp-sse omp-avx
4 500 p.358947 4.407915 0.017036 0.016815 0.014553
4 1000 2.371289 4642292 0.030217 0.041237 0.039597
4 1500 3.290244 6.407286| 0.073577  0.081583 0.065567
4 2000 [.804386 4745817 0.081452 0.112692 0.086234
4 2500 p.447956 2.704879| 0.091150 0.067651 0.098013
4 3000 p.401209 4764154 0.061018 0.117666 0.094768
4 3500 p.407518 4767910 0.119938 0.127156 0.131232
4 4000 p.400687 4765082 0.103698 0.055494 0.139001
4 8000|2.419313 4780122 0.236143 0.239634  0.198975
4 13000(2.423331 4.804102 0.344522 0.390847  0.384410
4 18000 2.409540 4792891 0.488488 0.529274 0.523006
4 23000(2.417419 2.645042 0.667320 0.656082  0.674237
4 28000(2.474266 4933552 0.638557  0.743010 0.835652
4 33000(2.547811 5.064816 0.761854 0.873909 0.950962
4 38000(2.429419 4669132 0.817081 0.930011 1.057919
4 43000(2.468625 4.398090| 0.916723 1440324 1.255519
4 48000(2.404610 4376427 | 0.906887  1.228150 1213624
4 53000(2.428338 4417648 0.977620 1547732 1481391
4  58000|2.419894 4.329473 1361211 1456995
4 100000 2.421617 4.236087 1.271237 2.036801 2.473077
4 175000 2.437386) 4.440527 1.505692 2.666266 3.576218
4 250000 2.433375 4191484 1.384183 3.060659| | 4.779066
4 325000 2.483171 4519592 1.731496 3.693455| | 5.229090
4 400000 2.448807 3.712135 1.839442 3.773685| | 5.504987
4 475000 2.441460 4.349061 1.961595 3.527525| | 5.592494
4 550000 2.334524 4560269 2.049940 (4.232716 6.475527
4 625000 2.414731 3.978191 1784725 4121867 5.626771
4 700000 1.934783 4144444 1.815962 4448493 5.993147
4 775000 1.846192 3.875582 2.105354 4438588 | 7.383967
4 1600000 2.730560 4.097475 3.605360 |7.018471 6.159290

Clemente Rodriguez, Marcos Ruiz
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th paralelo  par-sse par-avx‘
2l 500 | 235227 0,013225 0,022208 0,027511
2| 1000 | 2,105945 0,02806 0,031911 0,041899
[} 1500 | 2,386482 0,037831 0,054216 0,054051
2| 2000 | 2,15692 0,077309 0,059194 0,105041
2 2500 | 2,816824 0,089444 0,119959 0,118221
(71| 3000 | 2,749495 0,101866 0,133477 0,144164
[P} 3500 | 2,875982 0,10698 0,167013 0,165605
(2| 4000 | 2,951383 0,214438 0,152793 0,264758
2| 8000 | 2,268827 0,242751 0,317334 0,250566
72| 13000 | 2,906175 0,557269 0,439498 0,584248
P3| 18000 | 2,544745 0,511676 0,633725 0,515463
M 23000 | 3,247284 0,695284 0,668446 0,977561
22| 28000 | 2,527198 0,550718 0,704294 0,963171
2| 33000 | 2,388189 0,642544 0,908222 | 1,217597 |
P3| 38000 | 2,853186 0,711582 1,02028 1,241727
73| 43000 | 3,00289 -0,868579 11,430258 1,885125
("} 48000 | 2,808301 '5,050012 0,69145 1,081759 1,213116
P3| 53000 | 2,639803 0,770905 1,203606 1,504483
(72| 58000 | 2,632589 0,723831 1,148425 1,44488
P3| 100000 | 2,78265 2,365679 2,767826
(72| 175000 | 2,650854 1,472167 2,22214 3,073433
22| 250000 | 3,197193 1,534855 2,421246 4,637853
72| 325000 | 2,451584 1,638114 3,31077 3,897333
72| 400000 | 2,461575 1,591494 3,051728 3,808313
22| 475000 | 2,454426 4,141008 1,639807 3,329939

550000 | 3,21243 5297938 2,085265 4,264578

625000 | 2,570973 4,328277 1,941338 4,106011
22| 700000 | 2,359501 3,911285 1,806692 3,467877
22| 775000 | 2,394152 3,319016 1,751115 3,226273

( i ntel“ inside™

sy

CORE'i5
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E SN

D

L1

e
2]
3
e
2]
4
0]
4
0]
4
0]
4
0]

D

RAM (4 \

8000
13000
18000
23000
28000
33000
38000
43000
48000
53000
58000

paralelo

0,016087
0,030332
0,044219
0,07416
0,080289
0,095621
0,1314
0,123958

par-sse
0,016307
0,030017
0,043028
0,083694
0,080605
0,108793
0,119735
0,125376

0,301529
0,363879
0,483764
0,544335
0,814905
0,615084
1,006075
0,839005
0,776081
0,987464
0,87899

0,990899

1,184447
1,256845
1,450124
1,292228
1,560172
1,152982
1,219146

0,322694
0,398056
0,572069
0,714306
1,155364
0,895923
1,286477
1,125878
1,633679
0,96403
1,50955
2,188113
1,970012
2,102043
2,28589
2,225337
2,566677
1,998104
1,686162

1,116588

1,599991

intel.

Core" 2
Quad
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TH

R L

R N N

ABADADAMDAMDMDMDIMDMDMDDDDLDN

N

srot

N sse
500 4.644560
1000 4.905529
1500 3.917321
2000 5.239353
2500 5.049851
3000 5.230813
3500 5.046040
4000 5.029445

8000 3.999749
13000 4.294121
18000 4.983552
23000 3.709750
28000 5.012329
33000 4.965977

38000 4.696395
43000 4.039970
48000 3.981594
53000 4.296684
58000 4.318063
100000 4.262952
175000 4.333132
250000 4.275819
325000 4.301929
400000 4.059383
475000 3.752476
550000 3.261192
625000 3.360028
700000 3.662422
775000 3.626938

1600000 3.372103

avx

4 d

BLAS1

109

4

10
11
12
13
14
15
16
17
18
19 |}

9 woid srot_seqg(int n,

int i;
float temp;

for (i =

c*x[1i]
c*y[1i]
Cemp;

float *x,

0; 1 < n; ++i}{
temp
y il
X [1]

+ s*y[i];
- s*x[1];

float *vy,

float c,

float g)

fma

omp

8.677638
9.830178
10.667685
11139752
10.516706
11.100854
10.682071
10.230399

6.137815
6.199433
6.059771
6.076575
6.098659
5.709898

5.185802
4.649932
4.647305
4557658
4.603861

4509266

4.646954
4587421
4.598837

8.464589
9.114610
6.952234
10.028804
9.464132
9.913565
9.628249
9.542069

5.956579
6.004825
5.902849

5.901332
5.925083
5.353703

5.172253
4554643
4582499
4.374089

4.398162
4626235
4.596950
4577759

4539981

0.017639
0.041947
0.062672
0.065936
0.078093
0.052707
0.122177
0.131289

0.295877
0.440986
0.470359
0.720208
0.568798
0.646233

0.707583
0.877336
0.962171
0.954431
1.013601
1.303335]
1521216
1.381643
1.686259

3.544515
4.628587
4.205360
4.052312
4.360073
3.546223

3.733617

3.693502
4.313346
4361391
4.406473
4.318989
3.970263

3.732820

1.381556
1.750806
1.524350
1.971192
1.896881
1.837892

3.238119

( i ntel’ inside™

omp-sse

0.017287
0.043730
0.069257
0.070488
0.083676
0.095820
0.124558
0.128492

0.260439
0.424032
0.604691
0.727787

0.840290 0.938556 0.974772

omp-avx

0.016289
0.043019
0.017178
0.066210
0.082952
0.091168
0.138695
0.135750

0.250157
0.376834
0.575942

omp-fma

0.019593
0.016583
0.076412

0.083475
0.081282
0.027010

0.115626
0.114293

0.250793
0.519832
0.534601

0.678069 0.745413
1.010345 0.772028 0.173214

1.369844| [1.047620|| 1.07327]

1179362
1.301015
15651677
1.594941
2.197628
3.568890
3.677355
2.592203

1.328617
1.634183
1726051
1.681035
2463652
3.841446
4397124
4.196873

1.372701
1.558943
1450310
1608822
2.699122
3.658689
4548093
4.488803

4.694313
5.133644
5.835136
5.584219
6.421198
7.122291

6.310973

6.078302
5.371002
6.129138
7.583365
8.572539

8.860080

5.439848

5.877464
6.333122
7.314771
8.788606
8.460137
8.283661

6.513570
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th avx fma paralelo  par-sse par-avx ‘ par-fma
2| 500 |4,676225 8,281625 0,013437 0,016874 0,018797 0,019633
2| 1000 |4,926091 8,219286 0,026847 0,030071 0,036896 0,036387
(P2 1500 |6,396849 11,515192 0,081872 0,053047 0,056058 0,068719
2| 2000 |6,005725 11,485432 0,168955 0,19746 0,198744 0,16254
2| 2500 |6,162153 11,012698 0,221964 0,177107 0,191146 0,127738
(2| 3000 |5,103458 9,038468 0,121359 0,156881 0,159261 0,121933
[P} 3500 |5,063788 9,585392 0,127154 0,137956 0,14047 0,152206
(2| 4000 |5,126186 9,695351 0,272595 0,403954 0,411598 0,388889
2| 8000 |2,571952 9,675399 0,497084 0,753332 0,767574 0,602513
22| 13000 | 5,022756 9,904064 0,633098 1,13327 1,185724  1,1852
"2 18000 | 3,920056 7,222368 0,578751 0,538815 0,677292 0,659561
22 23000 | 5,821046 8,502751 0,772824 0,940928 1,137755 1,086287
22| 28000 | 3,605837 6,777901 0,648563 0,747782 0,975419 0,945503
(P3| 33000 |3,118977 4,794354 0,690732 0,838737 1,015991 1,057569
(72 38000 | 3,757109 6,431533 Mﬁ
[P2| 43000 | 4,949464 - 7,307141 1,558034 2,159292
(P3| 48000 | 4,93115 | 7,50163 | 7,44866 1,416207 2,223086 2,353408 2,359228
P3| 53000 | 5,80028 6,170241 1,021756 1,658785 1,795142 1,789404
(72| 58000 | 5,53426 - 589671 0,952478 1,522362 1,636804 1,651824
P3| 100000 | 4,56736 5,067919 0,908499 2,592315 2,698126 2,712596
(P2 175000 | 4,373043 - 4,666334 1,343411 2,656904 3,021343 3,047463
22| 250000 | 5,403567 5,863247 1,823575 4,142437 4,759737 4,62106
2] 325000 | 7,325609 6,109311 7,963058 2,864238 7,305899 6,080303

(71| 400000 | 5,414196 5999331 5,952243 2,078678 5,721947 6,567845

22| 475000 | 3,058135 4,329895 4,291503 1,560607 3,796812 4,607705

(71| 550000 | 3,556469 2,663325 4,706025 1,387312 4,338274 5,494981

("1 625000 | 3,964096 4,199006 4,03972 1,764715 4,098101 4,747693

/2| 700000 | 3,754587  5,15413  4,773492 2,314239 5,509451 6,521492

22| 775000 | 3,915112  4,001781 4,113178 1,793928 4,949926 4,713836

( intel’ inside™

" CORE i5
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paralelo par-sse
0,018392 0,019205
0,027584 0,030332
0,056805 0,055938
0,075607 0,07551
0,071334 0,074753
0,104236 0,104161
0,126078 0,13064
0,119639 0,11805
0,234822 0,220711

8000

13000 0,470064 0,460736
18000 0,576515 0,628712
23000 0,647902 0,790763
28000 0,643833 0,771556
33000 0,996727 | 1,172097 |
33000 1,056727 1,196097
43000 1,142713  1,332463
48000 0,825778 1,039931
53000 0,86287  1,054337
58000 1,496531
100000 1,093013 1,553106
175000 1,004954 1,675096
250000 1,809421 2,555236

325000 1,467228 1,900636

400000 1,240455 1,875248

475000 1,246753 1,777037

550000 1,347323 1,630836
625000 1,346174 1,291782

700000 1,279962 1,469563
775000 1,15687 1,360022

|| 1600000 | 0,851007 1,286002 | 1,61428 |

=
2
|

intel)

Core2
Quad
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BLAS1 Bk
drot
9 wvoid drot seq(int n, double *x, double *y, double <, double s)
10
11 { int 1i;
12 double temp;
13 )
14 for (1 = 0; 1 < n; ++1i){
15 temp = c*x[i] + s*y[i];
16 y[i] = c*y[1] - s*x[i];
17 x[1] = temp;
18 }
19 }
‘ |@ inside™
TH N sse avx fma omp omp-sse omp-avx omp-fma "
4 500 2520280 5.073198 | 5.824176 | 0.016855 0.017197 0.013160 0.020705 CORE'i7
4 1000 2.533437 | 4519504 | 6.282746 | 0.038085 0.042416 0.049455 0.048905
4 1500 2.549169 | 5.424624 | 6.354117 |0.051791 0.053426 0.052845 0.045449
4 20002539823 | 5.208174 |[6.044692 | 0.065496 0.068111 0.071461 0.069552
4 2500 2.445830 | 2.740635 (2.789606 |0.069535 0.100892 0.101980 0.094525
4 30002467487 | 3.045285 (3.015724 |0.097527 0.101098 0.104020 0.103784
4 3500 2.465330 | 2.992063 [2.982681 |0.129565 0.131836 0.105091 0.111287
4 4000 2.060430 | 3.139404 | 3.137943 [0.131675 0.138690 0.131859 0.124459
4 8000 2.466433 | 3.033627 [3.013142 [0.230403 0.249928 0.240618 0.248786
4 130002502720 | 3.044232 | 3.021494 | 0.429877 0.336700 0.378313 0.384146
4 18000 2.236844 | 2.626315 | 2.630723 | 0.483340 0.481033 0.539979 0.562883
4 23000 2.159615 | 2.296968 [ 2.307796 | 0.618977 0.560688 0.672801 0.703239
4 28000 2.349028 | 2.537279 | 2.553512 |0.722991 0.825846 0.818940 0.811510
4 33000 2.168189 | 2.303561 |[2.315822 | 0.734007 0.847146 0.825310 0.954911
4 38000 2.025067 | 2.292267 | 2.307254 | 0.800463 0.998747 0.941364 0.814271
4 43000 2.338045 | 2.536956 | 2.515116 |1.000452 \}1—23%}531;%“ \11_3;_95_3131 %
4 48000 2.103972 | 2.579058 |[2.582999 |0.954737 1. . 7 1 7
4 53000 2.102719 | 2.280114 [ 2.199943 | 0.938892 1.241189  1.303081 1322875
4 58000 2.369635 | 2.537378 | 2.559301 1460333  1.603913 1549621
4 100000 2.170598| 2.291999 | 2.322745] 1.268166 1761496  2.038499 2.189604
4 175000 2177476 2.289035 2.305106 1.682294 2.552474| 2.689371| 2.716269
4 250000 2.037597 2.203338 2.222785 1703022 2.771397| 2.991091 | 2.997709
4 325000 2.057765 2.229302 2.097952 1723206 2.78978§4 3.311948| 3.154492
4 400000 1598938 2.100377 2.175001 1.897145 3.332822| 4.373098| 4.163257
4 475000 1588621 1.862039 1875904 2.208821 3.637532| 4.382019| 4.163566
4 550000 1.729626 1832614 2066118 2.938564 3.856921| 4.207389| 3.802461
4 625000 2.060601 2.079839 2.193109 3.030876 4.072367| 4.253784| 4.088130
4 700000 1779626 1888922 1980016 1961202 3.177664 | 3.937973 | 4.046375
4 775000 1798551 1953254 1.862649 2.231444 3.826381 | 3.770247 | 3.771093
4 1600000 1.741406 1815816 1732284 2.791095 3.201492 | 2.871488 |3.373293
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fma paralelo par-sse par-avx par-fma
500 2,526036 5,040782 0,014113 0,027245 0,028028 0,026666
1000 2,54175 537669 | 6320268 0,05106 0,0472  0,052201 0,05306
1500 2,555811 3,125366 - 0,041094 0,0544 0,053218 0,052927
2000 2,54389 5,201081 0,0837 0,095078 0,106559 0,105894
2500 2,292945 3,868166 | 3,958903 0,099022 0,162234 0,177822 0,186317
3000 5,003644 6,132286 0,187375 0,289795 0,311438 0,30738
3500 2,270438 3,330768 0,161106 0,115752 0,178697 0,206313
4000 2,587583 4,742197 0,175828 0,258207 0,253802 0,247321
8000 2,404949 4,817732 0,462136 0,572998 0,534592  0,46995
13000 2,564679 4,083413 0,760468 1,007285 1,070771 1,070664
18000 2,284572 2,595563 0,460275 0,642506 0,686636 0,689411
23000 2,171202 3,299466 0,679168 0,97739 1,048324 1,052701
28000 1,369163 2,001393 0,549786 0,606321 0,630333 0,640399
33000 2,773323 3,035917 0,763949 0,901386 0,970828 0,989014
38000 3,287382 3,747911 1,050206
43000 3,071322 4,33173 1,574267 1,727545  1,7026
48000 2,557498 2,898546 1,020184 1,15969 1,253259 1,268433
53000 2,361092 2,741947 1,058011 1,324544 1,433301 1,440173
58000 2,321624 2,480392 - 0,881458 1,107781 1,217636 1,18752
100000 2,169181 3,743151 1,737698  2,37506  2,691728 2,669102
175000 2,877982 3,063959 3,03628 1,977256 3,238634 3,318755
250000 2,319563 2,484699 2,502716 1,628915 2,333306 2,680453
325000 2,277611 2,42813 2,236766 1,344613 2,295628 2,791266
400000 1,827743 1,919512 1,900618 1,00865 1,81298 1,933477
475000 1,564248 2,120531 2,110548 1,875663 2,263566 2,487869
550000 2,230508 2,304941 2,316692 1,780468 2,559137 2,828349
625000 1,840678 1,968283 1,83764 0,920422 2,09824  1,946523
700000 1,72972 1,803558 1,752332 1,444237 1,939814 2,232356
775000 1,500912 1,731  1,780564 1,377778 2,035648 2,163627

( intel! inside™

CORE i5
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paralelo
0,017114
0,038574
0,056335
0,077122

par-sse

0,018463
0,038024
0,050047
0,068407

L2

0,852254

0,075051
0,077578
0,133338
0,147319
0,285487
0,445642
0,455965
0,637955
0,64051
0,596802
0,726402
0,943919
0,863281
0,904558
0,638098
0,660334
0,766821
0,878181
0,645823

1,356323

0,074421
0,131352
0,118241
0,137745
0,361179
0,426032
0,511943
0,733178
0,77371

0,58055

0,95863

1,017906
1,044781
1,103119
0,686825
0,900331
0,985303
0,934514
0,894134

.| 775000

1,020756
0,949583
0,91012
0,890787

1,663919
1,938925
2,054066
1,790526

( intel)
Core‘“Za
Quad
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BLAS1

rotm
irotm
i 4 4
4 woid irotm seg(int n, int *x, int *y, int *param)
s |
& int flag, hll, hilz, h21, h22, two, w, Z, Zero;
7 flag = param[0];
8 int i;
9
10 if (flag+2 == 0) return;
11 if (flag=<0){
12 hll = param[1];
13 hlz = param[2];
14 h21 = param[Z];
15 h22 = param[4];
15 for (i=0;i<n;i++) {
17 w = x[1i];
18 z = ylil;
19 x[i] = w*hll + =z#*hl2;
20 v[i] = w*h21l + =z*h232;
21 }
22 telse if (flag == 0}
23 hlz = param[2];
24 h21 = param[Z];
25 :Ec-rii=0;i-:n;i++]{
26 w = x[i];
27 z = yl[i];
28 x[i] = w + z*hlZz;
29 yIil = w*h21 + z;
30 }
31 telse|
3z hll = param[1l];
33 hz2 = param[4];
24 fOI‘.‘ii=D;i-—:n;i++]{
a5 w = x[1];
36 z = yl[i];
a7 x[i] = w*hll + z;
38 v[i] = -w + z*h2Z2;
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I

I G I S N -

T L S -

AP DdDDdMDdMDADDMDdMDAMDMNMDMDMLAS

N

500
1000
1500
2000
2500
3000
3500
4000

8000
13000
18000
23000
28000
33000

38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000
700000
775000

sse

1.922045
1.194021
1.347562
1.374005
1.358345
1.341244
1.381405
1.380823

1.431282
1.396020
1.383450
1.341906
1.781925
1.445598

1.518357
1.424577
1.403086
1.454191

1.443750

1.370335
1.391239
1.413021

1.610710

1.344063
1.412335
1.377018
1.395412

1.319034
1.361856

avx

3.422071
2.632475
2.653715
2.657570
2.691597
2.708684
2.741120
2.759147

2.837852
2.787618
2.760317
2.501430
3.622768
2.944271

2.788274
2.764091
2.756444
2.844277
2.794589
2.726258
2.754950

2.821476
3.247813
2.757520
2.763932
2.762481
2.197277
2.592011

2.291771

omp omp-sse
0.010760  0.019405
0.030357 0.033834
0.034154  0.036034
0.054781  0.019658
0.063173  0.060829
0.065997  0.072552
0.076015  0.072287
0.094429  0.114036
0.174956  0.186925
0.231463  0.331495
0.347846  0.376979
0482116  0.437164
0.635946  0.614433
0.343978  0.654815
0591134  0.725935
0.668207  0.888130
0471851 1014722
0783911  0.950181
0.714579  0.924721
[1.07951d [1.416694
1.327010 1700608
1511168 2.504431
1.874347  3.075106
1.611057 2.076790
1.388015  2.292309
1750855  3.216968
1.781416 3.383836
1498505  2.212045
1774657  3.118492

omp-avx

0.019851

0.033308
0.042254
0.056992
0.061152

0.067695
0.099443
0.130488

0.193280
0.299735
0.394174
0.507284
0.717606
0.282218

0.935244
0.887990
0.840123
1.036579

1.18053

1.686784
2.44395(

3.223066
3.926229
3.622451
3.742693
4.149343
4.115239
3.876901

4.321133

( intel' inside™
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paralelo

par-sse

par-avx

500 | 1,349956 0,014262 0,018609 0,014549
1000 | 1,345217 0,019925 0,026316 0,025721
1500 | 1,527715 0,038975 0,044407 0,042159
2000 | 1,380977 0,046703 0,044721 0,06234
2500 | 1,355195 0,067731 0,054131 0,056023
3000 | 1,320356 0,062174 0,06129 0,075104
3500 | 1,288224 0,086229 0,062805 0,085977
4000 | 1,369236 0,112946 0,119352 0,106327
8000 | 1,283299 0,179673 0,188807 0,144433
13000 | 1,371998 0,235727 0,297387 0,418797
18000 | 1,378032 0,283314 0,424694 0,320868
23000 | 1,366968 0,322601 0,58722 0,382552
28000 | 1,307372 0,488841 0,678342 0,445176
33000 | 1,380177 0,520151 0,714278 0,523018
38000 | 1,402412 0,465655 0,623899 0,638407
43000 | 1,416533 |2,773071 0,588546 0,626385 0,691338
48000 | 1,392559 0,603835 0,829996 0,689096
53000 | 1,376466 -0,643971 0,69605 0,789536
58000 | 2,200216 |4,227053 | 1,068111 |1,704892 1,446636 |
100000 | 1,408128 0,87086 1,073713 1,367686
175000 | 1,334308 1,488935 1,947062
250000 | 1,58553 1,508374 1,905158 2,695155
325000 | 1,438585 1,359441 1,947831 2,633553
400000 | 1,379778 1437851 1,96746 2,473332
475000 | 1,430827 1,484653 2,070785 2,401113
550000 | 1,440866 2,808508 1,59937 2,166966

625000 | 1,405893 2,604447 1,572342 2,136942

700000 | 1,397838 2,62058 1,572112 2,26974

775000 | 1,380623 2,313423 1,494034 2,202037

( intel‘ inside™
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8000
13000
18000
23000
28000
33000
38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000
700000
775000
1600000

paralelo
0,010858
0,019515
0,026431
0,039613
0,06212
0,072942
0,085492
0,096065

par-sse
0,011926
0,018903
0,025885
0,039284
0,055415
0,078327
0,083788
0,095786

0,170317
0,34682
0,267378
0,379793
0,429243
0,552474
0,493087
0,545498
0,582736
0,542508
0,669558
0,998515
0,700615
0,881852
0,867686
0,893558
0,902847
0,87102
0,746059
0,799117

1,311365
0,883638

( intel)
Core‘"ZJ
Quad
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0,159021
0,381545
0,314968
0,445515
0,510249
0,762079
0,605682
0,641902
0,700181
0,723461
0,911177
1,095234
1,370324
1,38224
1,31921
1,299969
1,253043
1,135524
1,26244
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srotm

N

500
1000
1500
2000
2500
3000
3500
4000

8000
13000
18000
23000
28000
33000

38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000
700000
775000

sse

avx

fma

3.219641
3.495902
3.541361
3.552076
3.598737
3.622859
3.656302
3.620243

3.520249
3.653278
3.774202
3.218960
3.870938
3.730715

2.907755
5.416934
2.981392
2.946315
2.887242
2.894740

3.223000
3.085574
2.858238
2.939542
2.765137
2.256233
2.285048
2.110510
2.383659

6.153380
7.207001
7.262815
7.825355
7.617481
7.943886
7.912594
7.263198

4.058501
4.315176
4.344170
4.383129
4.351603
4.283468

3.660458
6.022798
3.428512
3.084288
3.599553

3.105971

3.321703

6.715859
7.877309
8.019766
8.572514
8.411013
8.749815
8.797283
8.538406

4.030759
4.266186
4.321841
4.381430
4.379363
4.302240

3.772261
6.127081
3.608225
3.137502
3.629512

omp

0.012436
0.025497
0.039191
0.051664
0.065636
0.075947
0.073147
0.090150

0.198473
0.187432
0.350233
0.469233
0.507038
0.596975

0.695968
1.299535
0.886416
0.756063
0.903014

omp-sse

0.012063
0.024800
0.052228
0.053486
0.072556
0.072167
0.075102
0.094719

0.181961
0.274064
0.438698
0.522981
0.610675
0.658186

0.887364

BLAS1

119

omp-avx omp-fma

0.011926
0.024897
0.040336
0.052847
0.065683
0.068905
0.096259
0.096310

0.183630
0.289568
0.466779
0.481906
0.647713
0.744133

0.755371

1.532224

1.119352
0.987040
1.202512

3.12094¢ | 1.14323

2.938451

3.249449
3.130080
3.231124
2.271990
3.502929
2.328070
2.771098
2.891468

3.252700
2.534543
3.369271
2.778850
4.209803
2.819023
2.666029
2.901615

1.338160
1.763196
1.200223
1.685421
1.554794
2.640227
1.756144
1.443625
1.716497

( |nte| inside™

1.669584
2.432512
3.380701
1.929475
3.783922
3.758094
6.314082
3.934125
3.776561
4.517987

Clemente Rodriguez, Marcos Ruiz

1.118258

1.201723

1.231677
1.725946
2.937772

0.010731
0.022883
0.035843
0.026531
0.057627
0.069303
0.097227
0.092343

0.175210
0.390746
0.414223
0.518262
0.608931
0.396313

0.818882
1.592795
1.096643
1.051546
1.237808
1.774799
2.820265

3.711324
3.484006
4.179458
4.127521
7.132277
4.367912
5.300754
5.732837

3.463538
3.373693
3.856563
4.121707
7.014363
5.290265
5.613734
4.224005




fma

paralelo

par-sse

par-avx

_par-fma

500 |3,521562 6,005211 0,020382 0,022664 0,022556 0,022511
1000 |3,480803 7,085258 | 7,641762 0,027794 0,033137 0,029215 0,020139
1500 |4,605387 9,280111 0,040218 0,049478 0,048313 0,058399
2000 |3,717459 5,883696 0,023321 0,045643 0,098256 0,059951
2500 |3,625287 7,600253 0,079617 0,076735 0,075108 0,065361
3000 |3,879665 7,742706 0,069838 0,08208 0,065531 0,074789
3500 |3,590338 7,773571-0,110191 0,122552 0,121191 0,101602
4000 |3,594107 7,48234 0,117289 0,097903 0,132283 0,105412
8000 |5,745582 6,473909 0,29071 0,298616 0,308397 0,257266
13000 | 3,645237 4,081986 0,270694 0,373043 0,354059 0,297827
18000 | 3,634916 4,137797 0,302554 0,46062 0,526872 0,348299
23000 | 3,80753 5,675665 0,517439 0,894032 1,033253 1,170445
28000 | 3,356039 5,696913 0,707893 1,111784 0,950273 0,870816
33000 |2,117634 3,34121 0,557741 0,699985 0,708964 0,754414
38000 |2,102162 3,053676 0,53717 0,760716 0,73109 0,658126
43000 |2,117885 3,132513 | 3,109539 0,536186 0,949021 0,866131 0,881708
48000 | 1,959707 3,008429 0,620591 0,98952 0,805836 0,924334
53000 |3,677095 3,865601 0,790276 [1,150529 | 0,988474 | 1,181 |
58000 | 3,351357 4,296103 | 4,678517 0,999481 1,793942 |1,996818 1,992043
100000 | 2,88895 4,099475 2,008239 2,07731 2,082084
175000 | 3,287564 3,565271 1,255785 2,828492 2,260202 2,299616
250000 | 3,121538 3,422537 1,291234 2,54713  2,829909  2,80032
325000 | 3,41163  3,67097 1,57634 2,966636 3,064974 3,327269
400000 | 2,77303 3,24349 2,98788 1,128216 2,793567 3,366391

475000 | 2,575499 2,855217 2,991464 1,502168 2,820556 3,202884

550000 | 2,702698 2,948599 2,931324 1,641809 3,069165 3,393075

625000 | 2,97172 3,215188 3,088158 1,885428 3,466117 3,01043

700000 | 2,291397 2,679663 2,878559 1,541313 2,956523 3,260105

775000 | 2,843461 2,900831 2,826982 1,748624 3,38497 3,418792

( intel' inside™
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8000
13000
18000
23000
28000
33000

38000
43000
48000
53000
58000
100000
175000
250000
325000
400000
475000
550000
625000
700000
775000

paralelo
0,010271
0,015144
0,024563
0,042358
0,051988
0,068591
0,070802
0,078754

par-sse
0,009952
0,01538
0,024363
0,041352
0,05383
0,081707
0,074107
0,085843

0,143966
0,199516
0,263329
0,304919
0,448836
0,369483
0,475027
0,520844
0,421405
0,497495
0,769692
0,652178
0,633269
0,727583
0,884997
0,783894
0,689271
0,854091
0,622221
0,7834

0,158046
0,219966
0,261481
0,344749
0,566623
0,44107

0,693213
0,584721
0,564079
0,56023

1,144249
0,848742
0,937069
0,936668
1,067677
1,043047
0,995882
1,062407
0,725129
0,801637

1600000 | 0,926345

(intel.
Core’"Za
Quad

0,693857
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0,779566
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500
1000
1500
2000

2500
3000
3500
4000
8000
13000

18000
23000
28000
33000
38000
43000
48000
53000
58000
100000
175000
250000
325000

400000
475000
550000
625000
700000
775000

sse

2.114519
2.137737
2.160729
1.655047

1.844583
1.852940
1.844522
1.925453
1.934581
1.871448

1.741525
1.505934
1.699103
1.529300
1.614168
1.803833
1.490331
1.505580
2.769554
1.507942
1.529206
1.436461
1.426732

1.288202
1.414013
1.322405
1.278787
1.321757
1.363641

avx

fma

3.681899
4.345714
4.367775
4.352105

2.409721
2.403696
2.401986
2.084507
2.165825
2.422911

2.136985
1.628185
1.775971
1.603553
1.797574
1.894059
1.655292
1.580434
2.984462

1.581014

4.919905
5.258427
5.362212
5.268387

2.439319
2.332609
2.394217
2.067801
2.161484
2.394209

2.165546
1.620381
1.776600
1.609741
1.800823
1.909581
1.668450
1.593045
2.873702

1.51449¢4

1.456119
1.491759
1.657796

1.538877
1.456249
1.446564
1.453743
1.310686
1.432385

1.606763
1.573057
1.656280

1.545593
1.460375
1.518323
1.442435
1.384096
1.350874

omp

0.012591
0.028568
0.048928
0.048292

0.061244
0.080584
0.083222
0.086899
0.171135
0.259986

0.364542
0.488467
0.519553
0.545018
0.702486
0.760562
0.671115
0.718134
0.903192
0.991096
0.795203

omp-sse

0.012549
0.022085
0.037799
0.046802

0.067895
0.079356
0.098749
0.086706
0.171863
0.325911

0.432699
0.495584
0.530201
0.642542
0.743068
0.864164
0.847059
0.860177

BLAS1 Fb»

omp-avx

0.014552
0.024373
0.036991
0.052516

0.079945
0.070988
0.091093
0.083252
0.178366
0.311671

0.451384
0.446937
0.580667
0.586216
0.805897
0.921195
0.866063
0.908326

omp-fma

0.017813
0.023196
0.040677
0.060175

0.084477
0.081850
0.088108
0.121491
0.184978
0.306135

0.482532
0.476172
0.598969
0.585345
0.790172
0.900792
0.985234
0.921656

|1.488855|| 1.755772| [ 1.769646

1.299196
1.905313

1.920492

1.542513

1.911504
2.104321
2.096683
2.257112
2.123238
2.304766

( |nte| inside™

2.839859

2.932797
2.473101
2.708385
2.849829
2.642006
1.725356
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1.408670

1.382684

1.966607
1.938357
2.920742

2.925062
2.730310
2.991984
2.547825
2.116548
2.280198

1.968297
2.125035
2.702823

2.996724
2.856714
2.595888
2.027643
2.557671
2.375376




500
1000
1500
2000

2,276829
2,138894
2,159486
2,245064

fma paralelo

2500
3000
3500
4000
8000
13000

2,035986
2,465704
2,018952
1,927078
1,874659
2,260228

par-sse

par-avx par-fma

18000
23000
28000
33000
38000
43000
48000
53000
58000
100000
175000

1,605932
2,332096
1,563903
0,952534
1,608523
2,130732
1,535586
1,41318
1,485163
1,663695
1,53388

250000
325000
400000
475000
550000
625000
700000
775000

1,239246
1,371006
1,375016
1,290857
1,470359
1,223988
1,197162
1,328096

7,676375 0,034248 0,035741 0,036433 0,036267
4,353467 | 540417 0,034679 0,027475 0,024664 0,025643
4,38897 - 0,05074 0,052533 0,053872  0,05352
4,420465 0,026019  0,04869  0,125303 0,133815
2,151085 | 2,252414 0,085623 0,094006 0,091671 0,094205
4,250805 0,042654 0,203048 0,180104 0,101619
2,191348 0,113132 0,127542 0,127602 0,128803
4,121438 0,193988 0,20538 0,220119 0,200418
2,123575 0,209544 0,256001 0,188306 0,224169
3,288661 0,468395 0,609579 0,604223 0,271544
1,810303 0,272465 0,413326 0,448838 0,475812
3,443908 0,377876 0,401133 1,101999 1,106976
1,62821 0,414687 0,511853 0,543251 0,527561
1,701031 0,444948 0,624729 0,689202 0,702876
1,696947 0,436667 0,594914 0,615403 0,639977
2,653333 0,656241 1,04242 0,965468 0,146652
1,615207 0,552881 0,788578 0,836218 0,844702
2,616266 1021783 1357764 1375377 1526051 |
1,600043 0,617959 0,736343 0,792783 0,783062
1,742867 - 0917821 1,126031 1,258681 1,162861
1,592523 1,094479  1,41446  1,277768  1,54683
1,44381 15552313 | 1,261381 1,556736 1,710364

150834 1,520372 1,387451 1,604961 1,674495

1,499426 1,511323 1,087776 1,580886 1,86986

1,372799 1,39444 1,375695 1,588891 1,339971

1,510999 1,546294 1,387159 1,942537 1,927929

1,264426 1,272024 1,393185 1,585983 1,413042

1,281699 1,301249 1,229025 1,560152 1,382186

1,370163 1,362541 1,405347 1,722809 1,367843

( i ntel! inside”
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paralelo par-sse
0,009655 0,013024
0,023145 0,023363
0,035885 0,035901

0,04796 0,046254
0,058234 0,05269
0,066335 0,067982
0,061121 0,062789
0,100273 0,103887
0,136338 0,159725
0,247786 0,271782
0,266732 0,273307
0,315319 0,310092
0,456711 0,478822
0,381856 0,355524
0,551887 0,59883
0,407221 0,451314
0,384915 0,47045
0,418463 0,481265
0,444428 0,485163
0,526078 0,663225
175000 0,608489 0,6141
250000 0,615267 0,542942
325000 0,590953 0,488761
400000
475000 | 1,19927 1,274813
550000 | 1,292517 2,028567
625000 | 1,188269 2,147485
700000 | 1,123433 1,81551
775000 | 0,980271 2,142568

2500
3000
3500
4000
8000
13000
18000
23000
28000
33000
38000
43000
48000
53000
58000
100000

( intel)
Core‘“2 a
Quad
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	Copy
	/icopy

	//
	/  //   scopy
	dcopy

	Scal
	dot
	/     /idot
	/ / // /   sdot
	ddot
	/
	///
	/         dsdot
	sdsdot

	amax
	//  zi-amax
	si-amax
	//
	di-amax

	norm2
	/  snorm2
	dnorm2

	asum
	iasum
	sasum
	dasum

	/swap
	iswap
	/  sswap
	/  dswap

	axpy
	/iaxpy
	/
	/saxpy
	daxpy

	/rot
	irot
	/
	srot
	drot

	rotm
	irotm
	/
	srotm
	drotm


