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AMD’'s Next Generation Processor

T ILFALYR1E. Intel Hyperthreading
« BHOTOY I LEREFICALE
TIILFAT 1 DDFITIEHDCPU

A2TIL® Pentium® 7’I:I4t“J"ﬂ'
IHRN)—=L-ITT42a30D5FA



GCS RPC seminar 2013

HeE, iiFliedTsnh? —
ADDATHHNIE., 41! @

1 core 4 cores

parallelization I I I I

Using 4 cores, the execution
time is 1/4 of the single core
time

Time
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Q There are numerous parallel programming models

Q The ones most well-known are: ﬁﬁ
o Distributed Memory $§ ¢Df¢%ﬁ’%
":5",.-
v Sockets (standardized, low level) *“?*? o n“@_& “‘j}
'& g &
&

v PVM - Parallel Virtual Machine (ﬂbsofefe)
=l ~ MPI - Message Passing Interface (de-facto stdff

e Shared Memory “,

v Posix Threads (standardized, low level) ™, 0{ .

v Automatic Parallelization (compiler does it for yau)
8
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e Ayt—UE{E (Message Passing)
_ Ayt —UDPYRYTHYRYELT. FTATS LTS
— DEARYDRTL(HBEAEYTH, 1)
— FASSIUSHEE, #LL
— TR SINT—ADBENZEHIH
— 7Oty HITHLTRT—3T )L

o HFAE! (shared memory)

— HBICT I ERATEBAERYERE LT, T—FDOYERY
— XEFARYSZATF L (DSMY R T LonDEAEY)

— OS5 L0FTLN(EXRTOTSLHID)
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e ZLYRDER o IL—TDHEXBEDDHE
« ELEOEDRE

Pthread, Solaris thread

int s; /* global */
int n_thd; /* number of threads */
int thd _main(int i1d)

for(t=1;t<n_thd;t++){
r=pthread_create(thd_main,t)

} { Int c,b,e,1,ss;
thd_main(0); c=1000/n_thd:
for(t=1; t<n_thd;t++) b=c*id- ’
pthread_join(); e:s+C"
ss=0;
S for(i=b; i<e; i++) ss += a[i];
ALwk= pthread_lock();

o » — == /4= N S += SS;
AT SLETORN pthread _unlock():
return s;
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OpenMPIZ k5703539

_N1=[+ T, OK!

#pragma omp parallel for reduction(+:s)
for(1=0; 1<1000;1++) s+= a[i1];

13
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OpenMP &

o HEARZILFITOEYHOLEFTOTIZIUTDI=HD
JOYSIVTETIL
— R—RXEi&(Fortran/C/C++)Zdirective 3§~ X) T 5 TAT 53
5 TEDESITHLE

o RKEOVNATEBRDISVERIDIZERTRE
— Oct. 1997 Fortran ver.1.0 API
— Oct. 1998 C/C++ ver.1.0 API
— IF7E, OpenMP 4.0

« URL
— http://www.openmp.org/

14
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o HBARZIILFIOLYHIRTLNDER
— ZLT. . WED wILFa7-JobygANTEHEIC!

o HBEAERVINLFITALYHIRTLOMIEIERX DL BLDOLEN
— S THINEIERXHAELGY  BIEEIZRLY,

« OpenMPMDIERXIFIFETETILADAPIZIZ{H
— REDIERERXIIHFIEA ISISDE=DDELEEZEED

o MEHMAENELA—SYNINZET)
— ABEAFLY
— O—FMO5%H95%NETHERELEHB(?) SWEEHEIZIFET S

o HEARYZILFIOEYY AT LNEI—F Yk
— small-scale(~ 167 At vyH) Mismedium-scale (~647 0ty H) xR
— WEIFTILFALYRTOST SIS 15
« pthreadldOS-oriented, general-purpose
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OpenMP®API

« FILLWVEETIEAL!
— AV NALS535R X (directives/pragma) . 54735 . IRIEBEZEHIZKY
N—REi&z Lk
— N—XF:i&:Fortran77, f90, C, C++
* Fortran: I$SOMPMSIAFESIERIT
« C: #pragma omp MDpragmaigriT

« BEEJIESETIEALY!
— WFIET-REAETOSSHABETR

o WIRNFEMRITLHIEIZKY ., BRTELITH
— incrementall 23t 511t
- RIS LERFE. T/AVIOEMNSERM
— BRI ELFIRERICY—RATEEMNTESD 16
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OpenMPDETETIL =

« BRETHLIBED

e Fork-joinETFJL l
e parallel region fork, A
- EHFVHLLEERET | ! | |
A Call foo()| |Call foo()| |Call foo()| |Call foo()
#i:;ra.g';.ma omp parallel l . 'oinB . Y
{ J
foo(): /* .B.. */ ¢
} \ 4
..C ... D
#pragma omp parallel | [
h .
...D ... E
by
.. E ..

17
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Parallel Region

« BHDALYE(team)IZ&L- T, iFIEITEINBERS
— Paralle 18X TIEE
— [ICParallel regionz 32179 5 AL vk Zteam &ML A
— regionAZxteamN D ALY TEEELT
MMV HLEEEET

Fortran: C:
1$0MP PARALLEL #pragma omp parallel
{

... parallel region
... Parallel region...
1SOMP END PARALLEL




GCS HPC seminar 2013

,F'FEE] ﬁf 7T _\\

o 70Oty HDO#EER /proc/cpuinfo

e gcc —fopenmp, gccld. 4.2 54 7R—k, gfortran

- BELGTOTIL

o JOtEyHRIFIREZHOMP_NUM_THREADS THllfH

#include <omp.h>
#include <stdio.h>

main()
{
printf("omp-test ... n_thread=%d¥n",omp_get _max_threads());
#pragma omp parallel
{
printf("thread (%d/%d)...¥n",
omp_get_thread _num(),omp_get num_threads());

}

printf("end...¥n");
} 19
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Work sharingfg X S

e TeamNDALYRTHIELTERITI SR ZETE

— parallel regioniITHALYS

_ for #X threadl thread2  thread3
o« 1AL—1avENBLTEST
« T—ARii5|

— sectionsi#EX
« BEUIIVESELTET v v v
+ BRYF directives

— singlefEX
« —DDALYFDHMNELT

Duplicated execution

work-sharing, sync

— parallel X LA EDHET-ERE
e parallel for #X
- parallel sections#X

20
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For/L—7 (DOIL—T) DA ZL—23 i FIELT

#pragma omp for [clause...]
for(var=Ilb; var logical-op ub; incr-expr)

body
— varlXBHE D IL—TEE GEFIA | Zprivate)
— incr-expr
e ++var,var++,--var,var—--,var+=incr,var—-=incr
— logical-op
e . <=.>.>=

— IL—TDOHNDORUPEBLIEAEL. breakt %L

— clauseTHiFIL—T DR a—)o5  T—E3RHEIETE

GCS HPC seminar 2013

R DE%Dfor)L—F Ecanonical shape T TIFERSAELY

21
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#ipragma omp parallel for default(none) \
private(i,j,sum) shared(m,n,a,b,c)
for (1=0; i<m; i++) >
{
sum = 0.0; —
for (3=0; j<n; J++) — ——— | %
sum += b[i] [J]1*c[]];
afi] = sum; .
|
}
TID=0 TID =1
for (i=0,1,2,3,4) for (i=5,6,7,8,9)
i=0 i=5 E:
sum = 2 b[i=0][j]*c[]j] sum = b[i=5][j]*e[]]
a[0] = sum a[5] = sum
1 =1 i=6
—mrJ 2 bli=1][jl*e[]] Tmn—-—b— b[i=6][j]*c[]j]
af[l] = sum a[é] = sum

... efc ...
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Matvec(double a[],i1nt row start,int col i1dx|[],
double x[],double y[].,Int n)
{
int 1,jJ,start,end; double t;
#pragma omp parallel for private(j,t,start,end)
for(1=0; 1<n;i++){
start=row_start[i];
end=row_start[i1+1];
t = 0.0;
for(jJ=start;j<end;j++)

t += a[j]*x[col idx[j1]1;
y[ i ] =t; a[col_idx[j]]

GCS HPC seminar 2013
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WIN—FDRT7T1—)0T S

« JOtvHHADIGE

B R 0 Iteration space

[
schedule(static,n)

[ T T 1 [ ]
Schedule(static)

| I
Schedule(dynamic,n)

| I [ I I R
Schedule(guided,n)

EDESBEEIFNDITETIONEEZTHELLD, 25
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Data scope/g 48 7€

e parallel 3. work sharingi#E X CIsREN TS E
e shared(var_list)
- BXNTHEENEEHNALYEEITERAENSD
e private(var_list)
— BXATEEIN-Z#HH private
e fTirstprivate(var_list)
— private&RlI#kTHHH . ERIDETHEESD
e lastprivate(var_list)

— privateéRIERTHAHD . BXHE THICERETSINIEEDORED
[Ex RT3

e reduction(op:var_list)

— reduction7VtR& 9T AHEFIBTE. RATEHDH
— E1TH(Iprivate, IR T BT L

26
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Data Race

S

fpragma omp parallel shared(n)

OpenMP
{n = omp_get_thread_num();} (iiué;ﬁ)‘:E')
ETIL
Shared #pragma omp parallel shared(x)
Memory

{x =x + 1;}

Data Race(7—%2L—X) =
BHOALYEARILEEE
MERBIZEZRZ S

SHETCTe
Memory
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for (i=0; i<8; i++)
a[i] = a[i] + b[i]l;

Thread 1

a[0]=a[0]+b[0]
al[ll=a[l]+b[1]
al[2]=al[2]+b[2]

al[3]=al[3]+b[3]

Thread 2
af[4]=a[4]+b[4]
a[5]=a[5]1+b[5]

al[e]l=al[6]+b[6]

GCS HPC seminar 2013

Every iteration in this
loop is independent of
the other iterations

a[7]=a[7]1+b[7] Time
for (i=0; i<8: i++) The result is not
L. _ . . - .| deterministic when
afi] = a[i+l] + bli]; run in parallel !
Thread 1 Thread 2

a[0]=a[1l]+b[O0]
a[l]=a[2]+b[1]
a[2]=a[3]+b[2]

a[3]=al4]+b[3]

a[d4]=a[5]+b[4]

a[b]l=al[e]+b[5]
al[e]=a[7]+b[6]

a[7]=a[8]+b[7] Time
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Barrier 57" X

/—~

o NYTREEAZEITS
— F—LADALYEARIEARITEST HFT. 52D
— TNFETOAE)EZAAEfushd 5
— WH—3> DY work sharingt& X Thowai tig
gﬁﬁh“?‘é‘iéhﬁb\ﬂﬁ% IR\ P RIEAAITTHN

‘#pragma omp barrier

Barrier Region

=

idle

idle

time 29
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for (1 0, 1 < N; 1++)
a[1] = b[i] + c[1i];

GCS HPC seminar 2013
S

"/

wait !

A

for (1=0; 1 < N; 1++)

d[i] aEJ;J.§+ b[i];

barrier

BE DforfE ST, implicitl2/ N7 RESN TS =8I,

BRI /N)TEONBHLE(IAN

30
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nowaitD{FE LA

#pragma omp parallel default (none) \
shared(n,a,b,c,d) private(1i)

{
#pragma omp for nowait

for (1=0; i<n-1; 1++)
b[i] = (a[i] + a[i+l1l]1)/2;

#pragma omp for nowailt

for (i=0; i<n; i++)
d[i] = 1.0/c[i];

} /*-- End of parallel region --*/
(implied barrier)

31



T, ERGIETRX

GCS HPC seminar 2013

?ngle#ﬁi: 1DDALYREITTEITT 587 %
5 7E

;naster*%jl XARZALYREITTETITSE 9%
5 7E

sectiontE3 - Rl/NDTOYSLEFTEALYRER
LykIZEIYH TS

criticaltg 3 : HEfth FEIE (RIRF [T TELZ LA 7)

i

flushi& X

threadprivatefs 3

32
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OpenMPEMPID T OGS L cpi (&=

» BALT.ARRERDHLTAT S L
* MPICHDTANTOT S L 1 4

Tr=f di
o 1412

« OpenMPhR
— IW—TZHET BT, 147D H

* MPIkR(cpi-mpi.c)
— AASN=EHEND{EZBcast
— &xf%(Zreduction
— HEIF. TOey ST EIZRURVIZHO-TLNS

33



#include <stdio.h> n
#include <math.h> CCS HPC seminar 2013

double ¢ double ): OpenMPiE &3
{
ks

return (4.0 /7 (1.0 + a*a));

int main( int argc, char *argv[])

{ - -
int n, 1;
double PI25DT = 3.141592653589793238462643;
double pi1, h, sum, X;

scanf(“%d",&n) ;
h = 1.0 / (double) n;
sum = 0.0;
#pragma omp parallel for private(x) reduction(+:sum)
for (0 = 1; 1 <= n; 1++){
X = h * ((double)i - 0.5);
sum += F(X);

pi = h * sum;
printf(*'pi1 1s approximately %.16F, Error is %.16F¥n",
pi, fabs(pi - P125DT));

return O;
} 34
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OpenMP®D 7' A% 5 Ll : laplace

 Laplace BRI DI5H0REE
- FTEEDIRDOFEHT, updateLTLKT AT S L
— OldénewzAEL TERIDEZIE—

— AR E
- RRICEREELED

« OpenMPhR lap.c ‘

— 3DMIJL—TE=NEITIEFIE

« OpenMPI1RITDH
— Parallel}g 7R X LforfE R X ZFEE L TO M > TH1=

e MPIiR
— #FEBE=L\NA

35
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* Laplace equation with explict method
*/

#include <stdio.h>

#include <math.h>

/* square region */
#define XSIZE 1000
#define YSIZE 1000
#define Pl 3.1415927
#define NITER 100

double u[XSIZE+2][YSIZE+2],uu[XSI1ZE+2][YSIZE+2];

double timel,time2;
double second();

void initialize();
void lap_solve();

main()

{

initialize();

timel = second();
lap _solve();
time2 = second();

printf(""time=%g¥n",time2-timel);
exit(0); 36



void lap _solve()

{ GCS HPC seminar 2013

int x,y,k;
double sum;

#pragma omp parallel private(k,x,y)
{
for(k = 0; k < NITER; k++){
/* old <- new */
#pragma omp for
for(x = 1; X <= XSIZE; x++)
for(y = 1; y <= YSIZE; y++)
uux1lyl = ulxlLyl:
/* update */
#pragma omp for
for(x = 1; x <= XSIZE; Xx++)
for(y = 1; y <= YSIZE; y++)
) ulxllyl = (uux-11Lyl + wulx+11Llyl + uulx]lly-11 + uu[x][y+1])/74.0;
+

/* check sum */
sum = 0.0;
#pragma omp parallel for private(y) reduction(+:sum)
for(x = 1; x <= XSIZE; x++)
for(y = 1; y <= YSIZE; y++)
sum += (uux]1Lyl-ulx1LyD);
printf('sum = %g¥n'",sum);

37
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void 1nitialize()

{ -
int x,y;
/* initalize */
for(x = 1; x <= XSIZE; x++)
for(y = 1; y <= YSIZE; y++)
ul[x]y]l = sin((double)(x-1)/XSIZE*PI1) + cos((double)(y-1)/YSIZE*P1);
for(x = 0; x < (XSI1ZE+2); x++){
u[x][0] = 0.0;
u[x]L[YSIZE+1] = 0.0;
uu[x][0] = 0.0;
uu[x][YSI1ZE+1] = 0.0;
s
for(y = 0; y < (YSIZE+2); y++){
ufOlLy] = 0.0;
u[XS1ZE+1][y] = 0.0;
uu[O][y] = 0.0;
uu[XSI1ZE+1]]y] = 0.0;
b
+

38
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TIX. HgEIE?

o TSybT4— L, MEREICKD

o FFIC, BRI ER

— HHME DA —/N\—~ykR &l F]{EDgainED +
L—k#472

e WebTHELTHTLI=aLY,
e U\ B TAOHOT, ATLEEN,
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| ap lace® ll‘i ﬁlé Core i7 920 @ 2.67GHz, 2 socket @

XSIZE=YSIZE=1000

R ATHF[E]

xt 2 R IERELE

XSIZE=YSIZE=8000

T[]

xR IERELE
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The Myth S
“OpenMP Does Not Scale”
e OpenMPIIRS—ILLZLN?

Q The transparency of OpenMP is a mixed blessing
e Makes things pretty easy
e May mask performance bottlenecks

a In the ideal world, an OpenMP application just performs
well

a Unfortunately, this is not the case

2 Two of the more obscure effects that can negatively
impact performance are cc-NUMA behavior and False
Sharing

a Neither of these are restricted to OpenMP, but they are
important enough to cover in some detail here

41
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CC-NUMA &first touch =

Processor Processor

T

Local Access
(fast) Coherent «— Remote Access

I
Interconnect (slower)

a[o0] af[o0] a[50]
H Processor Processor : Processor Processor H
a[99] a[49] a[99]
A A A

Cache Coherent
Interconnect

Cache Coherent
Interconnect

#pragma omp parallel for num_threads(2)

for (i=0; i<100; i++) for (i=0; i<100; i++)
afi] = 0; a[i] = 0;

First Touch
All array elements are in the memory of
the processor executing this thread

First Touch
Both memories each have “their half” of
the array




Processor Numbel

0
8
n g! § 1 9
IrST TOUC : 1E
E e 10
3
11
#pragma omp parallel for default(none) \ 4
private(i,j) shared(m,n,a,b,c) ; 12
for (i=0; i<m; i++) —_— | g S 13
: — 5| 1K
af[i] = 0.0; _ y £ = , 14
. . . - —
for (?=0? j<nf' J-I_-+) _ 15
a[i] += b[i][3l*c[3]; .
}
2 socket Nehalem
35000 35000
- 1 Thread
30000 ';'ZThrEEdS - 1 Thread
4 Threads
& 25000 o8 Threads 30000 =0~ 2 Threads
Ig_ +=16 Threads
E 20000 : . . = 25000 v 4 Threads
3 Wait a minute, this ry 4 8 Threads
§ 15000 operation is highly )
E paralle! ..... Speed-up is ~1.6x E 20000 - 16 Threads
§ o000 only - o
oo sena, 3 The only change is the way
€ z e
00.1 1 10 100 1000 10000 w.ooﬂo‘ ‘mnooao E fhe sysfem - 3 2
Memory Footprint (KByte) E 10000 IS ~3.2X
L LB |
L 4
5000 P L v &
ﬁk—t*—-—— 0
0 _éj N g B g
01 1 10 100 1000 10000 100000 1000000
Memory Footprint (KByte)
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Advanced topics

 MPI/OpenMP Hybrid Programming
— SMPYSREATHTAYT 3T

e OpenMP 3.0
— 20074 [Zapprovesht=
— Task

e OpenMP 4.0
— 20134FIZY)—X
— GPUZZE DACCH T It

44
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OpenMP3.0TCiEISN -2

Openmp.orglZTEL@ERDBARE/N—D3a>DEHRENHD

o« ARYDELEZHEMINT-
— Parallel #83XXETaskBEX TERSNAHRALYRDEIR
— task{EX
— taskwaitfg XX

o AEETILODBAIEL
— Flush® Ly

o RARSNI-HZEDEZE DR

— CollapsefgREi
o ALYRDRZYIHAXDIETE

. ?&+ + TDprivateZE # x4 9 Hconstructor, destructor®
R

45
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long comp_fib_numbers(int n){
// Basic algorithm: f(n) =
fn;

long fnml, fnm2,

if (n==0 || n

#pra%ma omp task shared(fnml)
{fnml =

#pra%ma omp task shared(fnm2)
{

return(fn):;

== 1 ) return(n):

comp_ fib numbers (n-

nm2 = comp_fib numbers(n-2):}
#pragma omp taskwait
o fg = gnml + fnm2:

f(n-1) + f£(n-2)

1):}

long comp_fib_numbers (int n) {

// Basic algorithm: f(n) = f(n-1) + f(n-2)

long fnml, fnm2, fn:
if (n==0 || n ==1) return(n):
if ( n < 20 ) return(comp fib numbers(n-1) +

comp_fib numbers(n-2)):

5Vl [Zparallel XA HE

#pra%ma omp task shared(fnml)
{Inml = comp_£fib_numbers(n-1):}

#pra%ma omp task shared(fnm2)
{fnm2 = comp_fib_ numbers(n-2):;}

#pragma omg taskwait
fn = fonml + fnm2:;

return(fn):

}
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o WHFLE. Hybrid7 A5 S LlFiEL LMo 1=
— “flat-MPI"(SMPD R THEMPD BNEUMGEE D H S
— F=
o TANKETESATYZHH
o BEILRILDIFNEESIEHT
o KIFMEIZHo=ERZ, MPIZOERAMAREIEIZLS

o LAL.TIFATISREITIEHYbridDABELS—IANHTLS

- FrylahHEZFIND
- MPIZO+REBMNDKTES,
SMP ~NILFAT
r CPU || CPU || CPU \ CPU \ r CPU }[ CPU M CPU }[ CPU }
T T T — | | |
FrylaFrvialFryiaFryia Fryia
I I I I ]

AEY AEY
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MPI&EOpenMP @ HybridZ7 a5 5304
o HNEIAEYIX. MPIT, HDOSMP[XOpenMPT

e MPI+OpenMP
— [ZLHIZ.MPIDTOY S LEES

— WFHCTERHIL—TZAIIRITHERIXEAND
. WHIES ESMP L TIFIIZETEN S,

e OpenMP+MPI
— OpenMPIZ&BTILFRLYRTOYT S L
— singlet&X -masterfg X - criticalfi XN T, 2y tE—UBEFI1TI.
« thread-SafeZZMPIAHE
¢ LXOADRT.BEDOERNTFBALGRLHD

- RILFRALYRRETOMPI
— OpenMP®threadprivate E# D EE ?

* SMPATT —SZHRATHENTEHESITHRDNH D,
— AEBFLAESIHLRNIENHD (AEYNREEOME?)
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RS-DFT on T2K D5

TEMF.EE=A, KRE SMP 95R42(28H1175 OpenMP/MPI 7/n14J1)wK NPB, RSDFT

Ol BHRLEFRMITSEHE2009-HPC-119, pp. 163-168, 2009.
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Thread-safety of MPI

 MPI_THREAD_SINGLE
— A process has only one thread of execution.

e MPI_THREAD_FUNNELED

— A process may be multithreaded, but only the thread that initialized MPI
can make MPI calls.

« MPI_THREAD_SERIALIZED

— A process may be multithreaded, but only one thread at a time can
make MPI calls.

e MPI_THREAD_MULTIPLE

— A process may be multithreaded and multiple threads can call MPI
functions simultaneously.

e MPIL_Init_thread THEE. B R—rSNTULVEWVATEEE S H D
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OpenMP 4.0

 Released July 2013

— http://www.openmp.org/mp-documents/OpenMP4.0.0.pdf
— A document of examples is expected to release soon

 Changes from 3.1 to 4.0 (Appendix E.1):
— Accelerator: 2.9
— SIMD extensions: 2.8
— Places and thread affinity: 2.5.2, 4.5
— Taskgroup and dependent tasks: 2.12.5, 2.11
— Error handling: 2.13
— User-defined reductions: 2.15
— Sequentially consistent atomics: 2.12.6
— Fortran 2003 support

51
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S

Accelerator (2.9): offloading Sy

target

 Execution Model: Offload data
and code to accelerator
Application md;;;n ‘ Application

e target construct creates tasks data ot
to be executed by devices emote da

rfemote data
e Aims to work with wide variety
of accs
— GPGPUs, MIC, DSP, FPGA, etc

— A target could be even a remote
node, intentionally

Tasks acc. cores
gffloaded to
fccelerator

#pragma omp target

{

/* it is like a new task
* executed on a remote device */

52
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Accelerator: explicit data mapping (&

« Relatively small number of

long a = 0x858;
truly shared memory long b = 0;
accelerators so far int anArray[100]
* Require the user to #pragma omp target data map(to:a) ¥¥

explicitly map data to and map(tofrom:b,anArray[0:64])
i {
from the device memory [* a, b and anArray are mapped

e Use array region * to the device */

/* work here */

}

[* b and anArray are mapped
* back to the host */

53
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Accelerator: hierarchical parallelism (@,"}

* Organize massive number of threads
— teams of threads, e.g. map to CUDA grid/block

 Distribute loops over teams

#pragma omp target

d\‘ec’i\\‘eﬂa\o(
#pragma omp teams num_teams(2) a(ge\ 3006\6
num_threads(8) o \ %‘\\66
&
{ L ” ((\a . 0(\
/I-- creates a “league” of teams o)

/[-- only local barriers permitted
#pragma omp distribute
for (int i=0; i<N; i++) {

}

_ } 54
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target and map examples

void vec _mult(int N)

{
int 1i:
float p[N], v1[N], Vv2[N];
init(vl, v2, N);

#pragma omp target map(to: vl, v2) map(from: p)

#pragma omp parallel for
for (i=0; i<N; i++)
p(i] = vI[i] * w2[i];

output(p, N);
}

void vec _mult(float *p, float *vl,

{
int 1i:
init(wvl, v2, N);

float *v2, int N)

GCS HPC seminar 2013

S

#pragma omp target map(to: wl[0:N], vZ2[:N]) map(from: p[0:N])

#¥pragma omp parallel for
for (i=0; i<N; i++)
p[i] = v1[1] * v2[1i];

output(p, N);
}

slide by Yonghong@UH
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target date example

void vec _mult(float *p, float *vl, flocat *v2, int N)

{

int i;

init(vl, v2, N);

#pragma omp target data map(from: p[0:N])

{
#pragma omp target map(to: v1[:N], v2[:N])
#pragma omp parallel for
for (1=0; i<N; i++)

p[i] = v1[i] * v2[i]; ®
init _again(vl, vZ, N); («3
#pragma omp target map(to: v1[:N], v2[:N]) ‘«@@
#pragma omp parallel for N
for (i=0; i<N; i++) (@QQ

p[i] = p[1] + (v1[i] * v2[1i]); $0’\3

}
cutput(p, N);
}
56
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teams and distribute loop example S

float dotprod teams(flocat B[], flecat C[], int N, int num blocks,
int block threads)

{
float sum = 0;
int i, 10;
#pragma omp target map(to: B[O0:N], C[O0:N])
#pragma omp teams num_ teams(num blocks) thread limit(block threads)
reduction(+:sum)
#pragma omp distribute
for (1i0=0; 10<N; i0 += num blocks)
#pragma cmp parallel for reduction(+:sum)
for (i=i0; i< min(i0O+num_blocks,N); i++)
sum += B[i] * C[i];
return sum;
}

Double-nested loops are mapped to the two levels of thread hierarchy
(league and team)
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#define MAX N 100

int N; /7*T—30OE#*/

int Cap; /*Fvy7THvIDEE>/
int W[MAX N]; /* E& */
int P[MAX_N]; /* {fi{& */

int main()

{ -
int opt;
read data file(“test.dat™);
opt = knap_search(0,0,Cap);
printf(“opt=%d¥n”’,opt);
ex1t(0);

GCS HPC seminar 2013

read data file(file)

{

char *file;

FILE *fp;
int 1;

fp = fopen(file,'r");
fscanft(fp,"%d"",&N) ;
fscanft(fp,''%d"",&Cap) ;
for(h = 0; 1 < Nj; 1++)

fscant(fp,"%d" ,&W[1]);
for(h = 0; 1 < Nj; 1++)

fscant(fp,"%d" ,&P[1]);
fclose(fp);
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125 R 8 )7 iR

int knap_search(int 1,int cp, Int M)
{

int Opt;

int 1,r;

1T (1 <N &&M>0){
iIT(M >= WLi]D{
I = knap_seach(i+1,cp+P[1] ,M-W[1]);
r = knap_serach(i+1l,cp,M);
1Tl > r) Opt = 1;
else Opt = r;
} else
Opt = knap_search(i+l,cp,M);
} else Opt = cp;
return(Opt);
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