CSE791

OpenMP

Steve Chapin

CSE 791

Fall 1999

CSE791

What is OpenMP ?

l

A stand ard API for

multith reade d p rograms

( cf . MPI fo r message

passing)

l

C/C++ and Fortr an

definitions

l

Use s fo rk- join model of

par allelism

OpenMP Model l

One ^master~ thread enters parallel section l

Spawns ^team~ ofthreads l

All threads synchronize (barrier) at end l

Insideparallel section, program can use directives to guide compiler for

OpenMP l

RTL allows control ofparallel execution

CSE791

OpenMP Components

l

Directives

F tell the compiler things

l

Run-time library functions

F control/query paral lel e nvironment

F syn chr onize access to data

l

Environment variables

F control execu tio n o f paral lel cod e

CSE791

C/C++ Conditional Compilation

l

_OPENMP macro name is defined to be

the year/month of approved spec

( yyyymm )

# ifdef _OPENMP

iam = omp _get_thread_ num () + index;

# endif

Clauses (III)

F

red uction ( opera tor : list )

˘ specifies how to combine variables at end of parallel region

F

sch edule( kin d[, chu nk_ size])

˘ indicates how to divide loop iterations across the team (static, guided, dynamic, runtime)

˘ chunk_size indicates how many iterations each thread gets

Work-sharing Constructs l

# pragma omp for [clauses]

F

specifi es par allel fo r lo op l

# pragma omp sections [clauses]

F

specifi es non -ite rative set of con structs tha t should be ru n in pa rallel l

# pragma simple [clauses]

F

onl y one thread do es this l

Can combine with parallel directive

F

e.g. # p ragma omp paralle l for ...

CSE791

Synchronization Constructs

l

# pragma omp master

F onl y th e master thre ad does this

l

# pragma omp critical [name]

F define s cr itical section (by name)

F all unn amed CS are conside red the same

l

# pragma omp barrier

F waits fo r a ll threa ds to reach this sp ot

l

# pragma omp atomic

F ensure s th at expression is executed atomica lly

CSE791

RTL Functions l

Execution environment functions l

Lock functions l

Some can only be called from serial portions of program l

Some can only be called from parallel portions of program l

Some can be called from either

CSE791

Exec. Environment Functions

l omp _get_ num _threads()

F returns # of th reads in cur rent re gion

l omp _set_ num _threads()

F set # of threa ds for future reg ions (seri al o nly)

l omp _get_max_threads()

F maximum # that can co me ba ck from g_n _t

l omp _get_ num _ procs ()

F return maximum # of p rocessors for pr og

CSE791

Exec. Env . Functions ( cont .)

l omp _in_parallel()

F returns tru e i f in paralle l re gion

l omp _set_dynamic()

F ena ble/disable adju stment to # o f th reads

l omp _get_dynamic()

F return true if dynamic e nable d

l omp _set_nested()

F ena ble/disable nested parall elism

Lock Functions ( cont .)

l

omp _ init _lock(), omp _ init _nest_lock()

F

initialize th e l ock (unbl ocked [, co unt 0]) l

omp _destroy_lock(), omp _destroy_nest_lock()

F

del ete the lock l

omp _set_lock(), omp _set_nest_lock()

F

blo ck u nti l lock a vai lable, set lock

F

if ne sted lock & I ho ld it, in cre me nt count and do n´t blo ck

Lock Functions III l

omp _unset_lock(), omp _unset_nest_lock()

F

rele ase o wne rsh ip of simp le lock

F

decremen t co unter, re lease i f 0 for nested l

omp _test_lock(), omp _test_nest_lock()

F

ask ^what if~ que stion, non-bl ocking

F

get lock if availa ble

F

simple lock: true/fa lse

F

nested lock: n esting coun t/0

CSE791

Environment Variables

l

OMP_SCHEDULE

F sets run-time sched ule type and chunk size

l

OMP_NUM_THREADS

F numbe r o f th reads to use during execution

l

OMP_DYNAMIC

F ena bles/d isa bles d yna mic adjustme nt of

numbe r o f th reads

l

OMP_NESTED

F ena bles/d isa bles n ested par allelism

CSE791

Example I: Simple For Loop

# pragma omp parallel for for (I = 1; I < n; I++) { b[I] = (a[I] + a[I-1]) / 2.0;

}

CSE791

Example II:

Using Parallel Regions

# pragma omp parallel shared(x, npoints )\

private( iam , np , ipoints )

{

iam = omp _get_thread_ num ();

np = omp _get_ num _threads();

ipoints = npoints / np ;

dowork (x, iam , ipoints );

}

CSE791

Example III:

Parallel Sections

# pragma omp parallel sections

{

# pragma omp section

xaxis ();

# pragma omp section

yaxis ();

# pragma omp section

zaxis ();

}

Summary l

OpenMP defines a standard API for multithreadedprograms l

Does not specify an implementation l

Several implementations around for

Fortran (C/C++ ?)

l

Can be combinedwith MPI for mixedmode programming l

Combine with advisory library ( cf .

HOSS) to determine # of threads, etc.