
Introduction to OpenACC
 

● OpenACC API consists of compiler directives, library routines and 
environment variables

 
● In this programming model, C/C++ and Fortran programs offload tasks from 

a host CPU to an attached accelerator device; doesn’t automatically target 
sections of code.

 
● OpenACC enabled compilers rely on a specification by programmer of loops 

and regions of code to be offloaded to an accelerator; on lion-GA one can 
use pgicc or pgif90 eg.,

 
module load pgi/12.3
pgf90  -acc -ta=nvidia -Minfo=accel -o exe.x source.f90
 

● OpenACC is a portable model for accelerator programming portable (various 
operating systems, host CPUs and accelerators)

 
● Directives extend the ISO/ANSI standard for C/C++ and Fortran, allows 

programmer to migrate applications incrementally to accelerators



 
● Don’t need to explicitly manage data, program transfers or initiate device; 

implicit in the programming model and managed by the OpenACC API-
enabled compilers and runtime environments. 

 
● Programmer need only augment information available to the compilers, 

including specification of data local to an accelerator, guidance on mapping 
of loops onto an accelerator, and similar performance-related details.

 
● Device executes parallel regions :

○  contain work-sharing loops, or kernels regions, latter contains :
■ one or more loops which are executed as kernels.

 
● Memory on the accelerator generally completely distinct to host memory. 

 

 
 

● In accelerator-targeted regions, host orchestrates execution by :
○ allocating memory on the accelerator device,
○ initiating data transfer, 
○ sending the code to the accelerator,
○ passing arguments to the parallel region, 



○ queuing the device code, 
○ waiting for completion,
○ transferring results back to the host, 
○ and deallocating memory.

 
● In most cases, host can queue a sequence of operations to be executed on 

the device.
 

● Most accelerators support two or three levels of parallelism:
○ coarse-grain parallelism/fully parallel execution across execution units,
○ fine-grain parallelism/multiple threads of execution within a single 

execution unit,
○ SIMD or vector operations within each execution unit.

 
● Data movement between host memory and device memory must be 

performed by the host through runtime library calls that explicitly move data 
between the separate memories, typically using direct memory access 
(DMA) transfers. 

 
● Programmer still needs to be aware of important memory items :

○ memory bandwidth bottleneck between host memory and device 
memory



○ memory model of device eg., memory coherence or lack thereof 
between operations executed by different execution units

 
● Accelerators have a software-managed cache, some have hardware 

managed caches, and most have hardware caches that can be used only in 
certain situations and are limited to read-only data. 

 
● OpenACC model -> caches are managed by the compiler with hints from the 

programmer in the form of directives.
 
 
OpenACC Programming Interface
 

● Directives are specified using the #pragma mechanism provided by the 
language.

 
● Fortran -> OpenACC directives are specified using special comments that 

are identified by a unique sentinel. 
 

● Compilers will typically ignore OpenACC directives if support is disabled or 
not provided and OpenACC directives may not appear in Fortran PURE or 
ELEMENTAL procedures.



 
● C/C++ syntax :

 
#pragma acc directive-name [clause [[,] clause]...] new-
line
 

● Directive starts with #pragma acc, remainder of the directive follows the C 
and C++ conventions for pragmas. 

 
● OpenACC directive applies to the immediately following statement, 

structured block or loop.
 

● Fortran free-form syntax :
 
!$acc directive-name [clause [[,] clause]...]
 

● Comment prefix (!) may appear in any column, but may only be preceded by 
whitespace. 

 
● Sentinel (!$acc) must appear as a single word, with no intervening white 

space and Fortran line length, white space, and continuation rules apply to 
the directive line.



 
● Fortran fixed-form syntax :

 
!$acc directive-name [clause [[,] clause]...]
c$acc directive-name [clause [[,] clause]...]
*$acc directive-name [clause [[,] clause]...]
 

● Sentinel (!$acc, c$acc, or *$acc) must occupy columns 1-5 and fixed form 
line length, white space, continuation, and column rules apply to the directive 
line; directives are case-insensitive

 
● Only one directive-name can be specified per directive, order insignificant, 

clauses may be repeated unless otherwise specified. 
 

● Some clauses have a list argument; a list is a comma-separated list of 
variable names, array names, or, in some cases, subarrays with subscript 
ranges.

 
● OpenACC implementation responds to internal control variables (ICVs) that 

control the behavior of the program: 
○ initialized by the implementation, 
○ may be given values through environment variables and 



○ through calls to OpenACC API routines. 
 

● The application can retrieve values through calls to OpenACC API routines
 
Accelerator Compute Constructs
 
Parallel Construct - starts parallel execution on the accelerator device.
 
In C and C++, the syntax of the OpenACC parallel directive is
 
#pragma acc parallel [clause [[,] clause]...] new-line
<structured code block>
 
Fortran, the syntax is
 
!$acc parallel [clause [[,] clause]...]
<structured code block>
!$acc end parallel
 

● Gangs of workers (ie., a one or more CUDA blocks of threads) are created 
to execute the accelerator parallel region. 

 



● Number of gangs and the number of workers in each gang remain constant 
for duration of parallel region. 

 
● One worker in each gang begins executing the code in the structured block 

of the construct.
 

● If the async clause is not present, there is an implicit barrier at the end of 
the accelerator parallel region, and the host program will wait until all gangs 
have completed execution.

 
● Array or variable of aggregate data type appearing in parallel construct 

must be present in a data clause for the construct or it will be treated as if it 
appeared in a present_or_copy clause for the parallel construct. 

 
● A scalar variable referenced in the parallel construct that does not appear in 

a data clause for the construct or any enclosing data construct will be treated 
as if it appeared in a private clause (if not live-in or live-out) or a copy clause 
for the parallel construct.

 
● OpenACC parallel regions may not contain other parallel regions or kernels 

regions
 



● Also, a program may not :
○ branch into or out of an OpenACC parallel construct 
○ depend on the order of evaluation of the clauses, or on any side effects 

of the evaluations,
○ have more than one if clause, which :

■ (Fortran) condition must evaluate to scalar logical value
■ (C or C++) the condition must evaluate to a scalar integer value.

 
Kernels Construct - defines a region of the program that is to be compiled into a 
sequence of kernels for execution on the accelerator device.
 
In C and C++, the syntax of the OpenACC kernels directive is
 
#pragma acc kernels [clause [[,] clause]...] new-line
<structured code block>
 
Fortran, the syntax is
 
!$acc kernels [clause [[,] clause]...]
<structured code block>
!$acc end kernels
 



● Compiler will break the code in the kernels region into a sequence of 
accelerator kernels where each loop nest will generally be a distinct kernel. 

 
● When the program encounters a kernels construct, it will launch the 

sequence of kernels in order on the device. 
 

● Number and configuration of gangs of workers and vector length may be 
different for each kernel.

 
● Same as parallel construct with regards to absence of async, and treatment 

of data, analogous restrictions
 
 
Parallel/Kernels Clauses
 
if 

● not needed, but if present code for host and device generated, executes on 
device conditionally (if==1)

 
async 

● optional; if absent host process will wait until the parallel or kernels region is 
complete before executing any of the code that follows the construct, else 



host continues execution.
● If present, the argument to the async must be an integer expression (int for 

C or C++, integer for Fortran), may be used in a wait directive or various 
runtime routines to have the host process test for or wait for completion of 
the region. 

num_gangs 
● integer expression defines the number of parallel gangs (eg., CUDA blocks) 

that will execute the region; if the clause is not specified, an implementation-
defined default will be used.

 
num_workers 

● integer expression defines the number of workers (eg., CUDA threads) 
within each gang that will execute the region; if the clause is not specified, 
an implementation-defined default will be used

vector_length (*could be limited/set by device eg., warp size )
● integer expression defines the vector length to use for vector or SIMD 

operations within each worker of the gang. If the clause is not specified, an 
implementation-defined default will be used

private
● declares that a copy of each item on the list will be created for each parallel 

gang.
firstprivate



● declares that a copy of each item on the list will be created for each parallel 
gang, and that the copy will be initialized with the value of that item on the 
host when the parallel construct is encountered.

reduction
● specifies a reduction operator and one or more scalar variables,most 

traditional ops available
 
 
Data Construct- defines scalars, arrays and subarrays to be allocated in the 
device memory for the duration of the region, whether data should be copied 
from the host to the device memory upon region entry, and copied from the 
device to host memory upon region exit.
 
In C and C++, the syntax of the OpenACC data directive is
 
#pragma acc data [clause [[,] clause]...] new-line
<structured code block>
 
and in Fortran, the syntax is
 
!$acc data [clause [[,] clause]...]
<structured code block>



!$acc end data
 
 
 
Data Clauses
 
copy 

● declare that the variables, arrays or subarrays in the list have values in 
the host memory that need to be copied to the device memory, and are 
assigned values on the accelerator that need to be copied back to the host 
(alloc)

 
● if a subarray is specified, then only that subarray of the array needs to be 

copied. 
 

● the data is copied to the device memory before entry to the region, and data 
copied back to the host memory when the region is complete.

copyin
● same as before, no copy back when done with region

copyout
● same as before, no copy in before region

create



● declaration/allocation on device without any copies
 
present

● variables or arrays in the list are already present in the accelerator memory
present_or_copy (or pcopy)

● test whether each of the variables or arrays on the list is already present in 
the accelerator memory :

○ already present -> that accelerator data is used, else
○ the data is allocated in the accelerator memory and copied from the 

host to the accelerator at region entry and back to the host at region 
exit, as with the copy clause. 

present_or_copyin (or pcopyin)
● As before, to device.

present_or_copyout (or pcopyout)
● As before, from device.

present_or_create (or pcreate) 
● As before, no copies just alloc

 
Loop Construct - applies to a loop which must immediately follow this directive. 
The loop directive can describe what type of parallelism to use to execute the 
loop and declare loop-private variables and arrays and reduction operations.
 



In C and C++, the syntax of the loop directive is
 
#pragma acc loop [clause [[,] clause]...]new-line
<for loop code block>
 
Fortran, the syntax of the loop directive is
 
!$acc loop [clause [[,] clause]...]
<do loop code block>
 
where clause is one of the following:
 
collapse( n )
gang [( scalar-integer-expression )]
worker [( scalar-integer-expression )]
vector [( scalar-integer-expression )]
seq
independent
private( list )
reduction( operator : list )
 

● Some clauses are only valid in the context of a parallel region, and some 



only in the context of a kernels region
 

● In a parallel region, a loop directive with no gang, worker or vector clauses 
allows the implementation to automatically select whether to :

○ execute the loop across gangs, 
○ workers within a gang, 
○ or whether to execute as vector operations. 

 
Loop Clauses
 
collapse

● specify how many tightly nested loops are associated with the loop 
construct, argument to the collapse clause must be a constant positive 
integer expression. 

 
● If no collapse clause is present, only the immediately following loop is 

associated with the loop directive.
 

● If more than one loop is associated with the loop construct, the iterations 
of all the associated loops are all scheduled according to the rest of the 
clauses. 

 



● The trip count for all loops associated with the collapse clause must be 
computable and invariant in all the loops.

gang
● In an accelerator parallel region, the gang clause specifies that the iterations 

of the associated loop or loops are to be executed in parallel by distributing 
the iterations among the gangs created by the parallel construct (no 
argument)

 
● The loop iterations must be data independent, except for variables specified 

in a reduction clause.
 
 
 

● In an accelerator kernels region, the gang clause specifies that the iterations 
of the associated loop or loops are to be executed in parallel across the 
gangs created for any kernel contained within the loop or loops. 

 
● If an argument is specified, it specifies how many gangs to use to execute 

the iterations of this loop.
worker

● In an accelerator parallel region, the worker clause specifies that the 
iterations of the associated loop or loops are to be executed in parallel by 



distributing the iterations among the multiple workers within a single gang 
(no argument)

 
● The loop iterations must be data independent, except for variables specified 

in a reduction clause. 
 

● It is implementation-defined whether a loop with the worker clause may 
contain a loop containing the gang clause.

 
 

● In an accelerator kernels region, the worker clause specifies that the 
iterations of the associated loop or loops are to be executed in parallel 
across the workers within the gangs created for any kernel contained within 
the loop or loops. 

 
● If an argument is specified, it specifies how many workers to use to execute 

the iterations of this loop.
seq

● specifies that the associated loop or loops are to be executed sequentially 
by the accelerator, default, overrides any automatic compiler parallelization 
or vectorization.

vector



● Iterations of the associated loop or loops are to be executed with vector or 
SIMD processing.

independent
● Tells the compiler that the iterations of this loop are data-independent with 

respect to each other (no synchronization).
Exercise


