B [ntroduccion

B Directivas
v/ Regiones paralelas
v Worksharing
v/ sincronizaciones
v Visibilidad datos

B Implementacién

T
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@penhEnrediuction

B Standard promoted by main manufacturers
e http://www.openmp.org
e Fortran
v'V1.0: Oct. 1997
v'V2.0: Nov. 2000
o C
v'V1.0: Oct. 1998
v'V2.0: March 2002
e Structure: Directives, clauses and run time calls

B Manged by the ARB (Architectural Review Board)
e Companies: Intel, SGI, KA, IBM, Compaq, HP, Fujitsu, ...
e Committees Fortan, C, Futures,...

e Teleconferences .""""

=
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Biasic example

PROGRAM t est
PARAMVETER ( N=1024)

REAL dummy(N), factor, var
REAL a(64000)
INTEGER i ,j,time

common /varios/a

factor=1/1.0000001
tine = 10

DO 150 iter=1,5
C3OVP PARALLELDO SCHEDULE( STATI C)
C$OWP SHARED( dunmy) PRI VATE( I, J)
DO 200 i=0, N
dummy(i)= dummy(i)*factor
call delay(tine)
200 CONTI NUE
150 CONTI NUE

END
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@penhPcompranentand RunRrNme

Compiler generated

libom
Source program A { P Compiler generated
AQ {

A@OL1 {

g

do I=start,end

xIf_DolnPar
— loop body
I$omp parallel do call A
Call A do I=1.N enddo
loop body E
enddo

B

L
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@penPeutined relimes

B Display of the identifier (color encoded) of the outline routine

) (Parallel_functions @ basico.4 stafic.prv

THREAD 1.1.1 qg
THREAD 4,1.2 g

THREAD 1,1,

THREAD 1.1.4

being executed

B The compiler unrolls the iter loop !!
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Unbalanced 1eep

csow
csow

PROGRAM t est

PARAMVETER ( N=1024)

REAL dumy(N), factor, var
REAL a(64000)

INTEGER i,j,time

common /varios/a

factor=1/1. 0000001

DO 150 iter=1,5
PARALLELDO SCHEDULE( STATI C)
SHARED( durmmy) PRI VATE(I, J, ti me)
DO 200 i=0, N
dummy (i )= dumy(i)*factor
tinme = i/100
call delay(tine)
CONTI NUE
CONTI NUE

END
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Perfermance indices

B |[nstructions B L2 miss ratio
725K 8.1M

<0.1%

® Mem Ops mix m [PC

40.3% 0.71

29.9% P

) (WO RS (%) @ Basics_unbald saie py

34.4%

0.47
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Perfermance indices

B Memory Bandwidth m MIPS
27.2MB/s 219M

B CPU Bandwidth

353MB/s

& MB/5) @ basico_unbald Saiic prv-

213MB/s 375M
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Pynamic scheduling

PROGRAM t est

PARAMVETER (N=1024)

REAL dumy(N), factor, var
REAL a(64000)

INTEGER i,j, time

common /varios/a

fact or=1/1. 0000001

DO 150 iter=1,5
C3OVP PARALLELDO SCHEDULE( DYNAM C)
C$OMP SHARED( dunmy) PRI VATE(I, J, ti ne)
DO 200 i=0, N

dumy(i)= dunmy(i)*factor Outline routine duration
tine = i/100
call delay(tine) L2 miss ratio

) ([z_fiss_afio @ basico_unbal 4 dynaric pry 23X

200 CONTI NUE
150 CONTI NUE

END

0,
Jesis Labarta, SC, 2002 Avg. 2.3%

Pynamic scheduling

PROGRAM t est '”'Willlllllli\\ R I RARRAR
PARAMETER (N=1024) THREAD - e 11111 1 101 T e A

REAL dumy(N), factor, var
REAL a(64000)
INTEGER i,j,time

conmon /varios/a
factor=1/1. 0000001

DO 150 iter=1,5
C3OVP PARALLELDO SCHEDULE( DYNAM C)
C$OMP SHARED( dunmy) PRI VATE(I, J, ti ne)
DO 200 i=0, N
dummy (i )= dumy(i)*factor
time = i/100 IPC
call delay(tine) &
200 CONTI NUE
150 CONTI NUE

END
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Coarser Gain bynamic

PROGRAM t est

PARAMVETER (N=1024)

REAL dummy(N), factor, var
REAL a(64000)

INTEGER i,j, time

common /varios/a

factor=1/1. 0000001

Parallel function duration

DO 150 iter=1,5
C$OMP PARALLELDO SCHEDULE( DYNAM C, 50)
C$OMP SHARED( durmy) PRI VATE(I, J, tine)

BO 2007120, N B Less overhead
dummy(i)= dummy(i)*factor
time = i/100 ®m Some unbalance:
call delay(tinme)
200 CONTI NUE e Heavy chunks towards the end

150 CONTI NUE

L
END . oo
=
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Glidedisecheduling

PROGRAM t est

PARAMVETER ( N=1024)

REAL dumy(N), factor, var
REAL a(64000)

INTEGER i,j,time Suraion @

common /varios/a

factor=1/1.0000001

Parallel function duration

DO 150 iter=1,5

C$OVP PARALLELDO SCHEDULE( GUI DED) B Less overhead
C$OMP SHARED( dummy) PRI VATE(I, J, tine)
DO 200 i=0, N B Good load balance:
d iy=d i)*fact
t.umy(_' .)/ mgrmy(l )ractor e Heavy chunks towards the
e beginning

call delay(tine)

200 CONTI NUE ] Dynamic:

150  CONTI NUE .
e Non repetitive pattern

END B
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AlWwaysipessibleto foelfaschedule

) (Farallel_funclions @ basico_unbal_ieversedd guided prv

PROGRAM t est

PARAMVETER (N=1024)

REAL dummy(N), factor, var
REAL a(64000)

INTEGER i,j, time

common /varios/a

factor=1/1. 0000001

Parallel function duration

DO 150 iter=1,5
C3OVP PARALLELDO SCHEDULE( GUI DED)
C$OMP SHARED( dunmy) PRI VATE(I, J, ti ne)
DO 200 i=0, N
dummy (i )= dumy(i)*factor [ Dynamic:
tinme = (N-i)/100
call delay(tine)
200 CONTI NUE
150 CONTI NUE

END ﬁ
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e Repetitive pattern (not enforced)

ComMpPanson

o (Faralle_funciions @ Basico_unbal 4 dynamic pr

® Dynamic

B Dynamic,50

B Guided

Same scale
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Blacki 1ol hasics: Parallelrdirective

State [

DOiter=1,5
CSOWP PARALLEL PRI VATE(ti ne) Parallel &
time = 10 functions ju

call delay(tine)
C$OVP ENDPARALLEL

ENDDO

B Team

e Threads to work on a parallel

m Parallel
e All threads execute the body

T
. @
Ee
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Woerkshianings

B Directives within parallel
B Switch from replicated work to partitioned work
B Work sharing constructs

e loops
v CSOWP [END] DO [cl ause[[,] clause].]
v C$OVP [ END] PARALLEL DO ...

e sections
v CSOWP [ END] SECTIONS [cl ause[[,] clause].]
v C$OVP SECTI ON
v C$OMP [ END] PARALLEL SECTIONS ...

ST
. @
Ee
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T e bt e g

L]
Parallel - — —
e ——

— — —
function & | Y EE __—l

DOiter=1,5 Parallel
function

C$OMP PARALLEL PRI VATE(ti me) nesting
time = 50 level

call delay(tine)
C$OWP DO SCHEDULE ( STATI Q)

DO I =1, N
tinme = i/100
call delay(tine)
ENDDO

C$OVMP ENDPARALLEL

ENDDO
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SEecons

DOiter=1,5

B L e ——

C$OMP PARALLEL PRI VATE(ti me) »
C$OWP SECTI ONS ion
C$OMP SECTI ON ingjy

tinme = 30

cal | delay(time)
C$OWP SECTI ON

tine = 60

call delay(tinme) ® Dynamic:
C$OWP END SECTI ONS
C$OMP ENDPARALLEL

e Sections randomly taken by
threads

ENDDO
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B Parallel do
e Shortcut for do within parallel
e Allows more efficient implementation

B Parallel sections
e Shortcut for sections within parallel
e Allows more efficient implementation
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Relaxiing synchronizatiens

DOiter=1,5
C$OWMP PARALLEL SHARED(dummy) PRI VATE(I,J, tine)
C$OWMP DO SCHEDULE( GUI DED)

Unbalanced
DO i=0, N Unbalanced Balanced
time = (N-i)/100 -
call delay(tine)
ENDDO
C$OVP DO SCHEDULE( GUI DED)
DO i =0, N
time = (N-i)/100
call delay(tine) Barrier  Barrier Barrier
ENDDO
C$OVP ENDDO
C$OVP DO SCHEDULE( GUI DED) B Globally
DO i =0, N
time = i/100 e 2 unbalanced loops
call delay(tine)
ENDDO
C$OVP END PARALLEL
ENDDO

JesUs Labarta, SC, 2002
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Relaxiingr synchronizations: Nowait

DOiter=1,5
C$OWMP PARALLEL SHARED( dummy) PRI VATE(I, J,
C$OWMP DO SCHEDULE( GUI DED)
DO i =0, N
time = (N-i)/100
call delay(tine)
ENDDO
C$OWMP DO SCHEDULE( GUI DED)
DO i =0, N
time = (N-i)/100
call delay(tine)
ENDDO
C$OVP ENDDO NOWAI T
C$OVMP DO SCHEDULE( GUI DED)
DO i =0, N
tinme = i/100
call delay(tine)
ENDDO
C$OMP END PARALLEL
ENDDO
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tine)
Balanced

f—/%

Unbalanced Unbalanced
Unbalanced

Barrier Barrier

® Globally
e Achieved global balance

SPVIDBparallelizaten

B Very coarse grain
e Similarity to MPI

B Need for Barrier

Twenty-block Grid

JesUs Labarta, SC, 2002
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\Vialleatonlisy,

Scheduling decisions: Once for all

Explicit code only related to parallelism

C$OWP PARALLEL DO

csowp PARAL!_EL DO Bl ock=1, #bl ocks
WhoAm =RunTi meCal | () Cal | Conput e1(Bl ock)
my Bl ock=f (WhoAM ) ENDO

C$OWP END PARALLEL
Cal | Conput el(nmyBl ock)

DOiter=1,#ters

DO iters=1, #iters C$OVP PARALLEL DO
Cal | Conput e2(nyBI ock) DO Bl ock=1, #bl ocks
END DO Cal | Conput el(Bl ock)
ENDO
C$OWMP END PARALLEL C$OWP END PARALLEL
END DO

C$OWP END PARALLEL

myBlock T [ 1,#processors] ~ f(resources) ==
Block T [ 1,#blocks] = f(algorithm) .ﬁ
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@OIHErCompUialion pPatterms

B Master
e C3OVP [ END] MASTER

e Only master threads executes. All other wait
B Single
e C3OW [END] SINGLE [clause[[,] clause].]

e One thread executes
e Barrier at end

B Ordered
e C$OWP [ END] ORDERED

e Ensures execution in sequential order

ST
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@Er Computation Patlenis e

W Critical
e CSOWP [END] CRITICAL [(nane)]

e Mutual exclusion
B Atomic
e C$OW ATOM C

e Atomicity of single assignment statement
v Optimizable implementation

B Barrier
e C3OWP BARRI ER

e All threads must reach it before continuing
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LE

@Er Computation Patlenis e

B Flush
e C$OVP FLUSH [(list)]

e Enforce consistency

B Lock routines:
e OMP_INIT_LOCK (var)
e OVP_DESTROY_LOCK (var)
e OVWP_SET LOCK (var)
e OVP_UNSET_LOCK (var)
OWP_TEST_LOCK (var)
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LE

13



Parallel i§
function

DOiter=1,5 Parallel =
function
C$OMP PARALLEL PRI VATE(ti me) nesting

time = 50 level

call delay(tine)
C$OWP SI NGLE

tine = 25

cal | del ay(time) B Implementaion
C$OMP END SI NGLE

time = 10 e outlined call

cal | del ay(tine) e Other alternatives possible

C$OVP ENDPARALLEL B Duration

e Not proportional to time !!!
ENDDO

T
o 7277 . -
Ee
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WhieYReWHR 2Ry

B Run time calls to find out
e OVP_GET_NUM THREADS
v'How many are we?
e OWP_CGET_THREAD NUM
v Who am |

W .. orset
e OVP_SET_NUM THREADS ( expr)

B Advice: minimize their use if possible
e Avoid the MPI/SPMD approach
e Write malleable codes =

. @
Ee
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m PRI VATE( i st)

e " allocate local space on entry to outlined routine
e Scalars / vectors

B Fl RSTPRI VATE( | i st)

e Allocate and initialize

B L ASTPRI VATE(I i st)
e Copy value of last iteration to global

B THREADPRI VATE(| i st)

e Privatization of common blocks

T
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m REDUCTI ON(| i st)

e Perform reduction operation

ST
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RUtmeliarany

B Compute schedules

B Wait modes
e Overhead
e Behavior under overcommitted multiprogrammed workload
e Busy wait, yield, block
v'When to change mode?

B Locks

B Synchronizations
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RUsteliarany

B Multiprogramming effects
e OMP_NUM_THREADS=16
e Guided
e Machine
v 16 way SMP
v load @9

]
1§
i

I
|
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@IHer tepIcs

B Array worksharings

B Future topics
e Nested parallelism
e Task queues
e Precedences
e Further schedules
e Multiprogrammed workload management
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Nested parallelism

Il III\II:I\IHI Il HH?IIIIIHIHH I g IH\IIII\IHH?II \IHI\I\HI“V 1 !lm |

RO JCT3T ICTT (RE

SPEC95 hydro2d ‘})
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Singleleveliprecedences

B Sections
e PRED/SUCC at any point

1$omp parallel sections
I$omp section name (S1) succ (S3)

I$omp section name (S2) succ (S4)
I$omp succ (S3)

— ]
I$omp section name (S3) pred (S2)

1$omp pred (S1)

1$omp section name (S4) pred (S2)

741340

Time

)

1$omp end parallel sections
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THREAD 1.,1,2
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THREAD 1.1.4

THREAD

THREAD 1,

THREAD 1.1

THREAD 1.1.8

THREAD 4,1,1

THREAD 1.

REDRAW
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|
T
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OpenMP Parallel Start new applications
Applications application
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gpplication?

Proc. request, speedup
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Resume,
bind, ...

Operating System

Shared Memory
Multiprocessor
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CRUSChedulingl s memorny

T 008 1
T I T

B What is the real difference ?
e Time
e Context switch overhead

e Migrations G

T
. @
Ee
JesUs Labarta, SC, 2002

Page migratoen

reported execution time on 32 processors
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