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OpenMP 4.0 API C/C++ Syntax Quick Reference Card
®

C/C++

OpenMP Application Program Interface (API) is
parallel programming in C/C++ and Fortran on all
a portable, scalable model that gives parallel
architectures, including Unix platforms and Windows
programmers a simple and flexible interface
platforms. See www.openmp.org for specifications.
for developing portable parallel applications.
4.0 Refers to functionality new in version 4.0.
OpenMP supports multi-platform shared-memory
[n.n.n] refers to sections in the OpenMP API specification version 4.0, and [n.n.n] refers to version 3.1.

Directives
An OpenMP executable directive applies to the succeeding structured block or an OpenMP construct. Each directive starts with #pragma omp. The remainder of the
directive follows the conventions of the C and C++ standards for compiler directives. A structured-block is a single statement or a compound statement with a single
entry at the top and a single exit at the bottom.

parallel [2.5]

[2.4]

Forms a team of threads and starts parallel execution.
#pragma omp parallel [clause[ [, ]clause] ...]
structured-block
clause:
if(scalar-expression)
num_threads(integer-expression)
default(shared | none)
private(list)
firstprivate(list)
shared(list)
copyin(list)
reduction(reduction-identifier: list)
4.0 proc_bind(master | close | spread)

loop [2.7.1] [2.5.1]
Specifies that the iterations of associated loops will be
executed in parallel by threads in the team in the context
of their implicit tasks.
#pragma omp for [clause[ [, ]clause] ...]
for-loops
clause:
private(list)
firstprivate(list)
lastprivate(list)
reduction(reduction-identifier: list)
schedule(kind[, chunk_size])
collapse(n)
ordered
nowait
kind:
• static: Iterations are divided into chunks of size
chunk_size and assigned to threads in the team in
round-robin fashion in order of thread number.
• dynamic: Each thread executes a chunk of iterations
then requests another chunk until none remain.
• guided: Each thread executes a chunk of iterations
then requests another chunk until no chunks remain
to be assigned.
• auto: The decision regarding scheduling is delegated
to the compiler and/or runtime system.
• runtime: The schedule and chunk size are taken from
the run-sched-var ICV.

sections [2.7.2] [2.5.2]
A noniterative worksharing construct that contains a set
of structured blocks that are to be distributed among and
executed by the threads in a team.
#pragma omp sections [clause[ [, ] clause] ...]
{
[#pragma omp section]
structured-block
[#pragma omp section
structured-block]
...
}
clause:
private(list)
firstprivate(list)
lastprivate(list)
reduction(reduction-identifier: list)
nowait
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single [2.7.3] [2.5.3]

4.0

Specifies that the associated structured block is executed
by only one of the threads in the team.
#pragma omp single [clause[ [, ]clause] ...]
structured-block
clause:
private(list)
firstprivate(list)
copyprivate(list)
nowait

Makes the corresponding list items in the device data
environment consistent with their original list items,
according to the specified motion clauses.
#pragma omp target update clause[ [, ]clause] ,...]

4.0

simd [2.8.1]

Applied to a loop to indicate that the loop can be
transformed into a SIMD loop.
#pragma omp simd [clause[ [, ]clause] ...]
for-loops
clause:
safelen(length)
linear(list[:linear-step])
aligned(list[:alignment])
private(list)
lastprivate(list)
reduction(reduction-identifier: list)
collapse(n)
4.0

declare simd [2.8.2]

Enables the creation of one or more versions that can
process multiple arguments using SIMD instructions from
a single invocation from a SIMD loop.
#pragma omp declare simd [clause[ [, ]clause] ...]
[#pragma omp declare simd [clause[ [, ]clause] ...]
]
[...]
function definition or declaration
clause:
simdlen(length)
linear(argument-list[:constant-linear-step])
aligned(argument-list[:alignment])
uniform(argument-list)
inbranch
notinbranch
4.0

loop simd [2.8.3]

Specifies that a loop that can be executed concurrently
using SIMD instructions, and that those iterations will also
be executed in parallel by threads in the team.
#pragma omp for simd [clause[ [, ]clause] ...]
for-loops
clause:
Any accepted by the simd or for directives with
identical meanings and restrictions.
4.0

target [data] [2.9.1, 2.9.2]

These constructs create a device data environment for the
extent of the region. target also starts execution on the
device.
#pragma omp target data [clause[ [, ]clause] ...]
structured-block
#pragma omp target [clause[ [, ]clause] ...]
structured-block
clause:
device(integer-expression)
map([map-type: ] list)
if(scalar-expression)

target update [2.9.3]

clause is motion-clause or one of:
device(integer-expression)
if(scalar-expression)
motion-clause:
to(list)
from(list)
4.0

declare target [2.9.4]

A declarative directive that specifies that variables and
functions are mapped to a device.
#pragma omp declare target
declarations-definition-seq
#pragma omp end declare target
4.0

teams [2.9.5]

Creates a league of thread teams where the master thread
of each team executes the region.
#pragma omp teams [clause[ [, ]clause] ,...]
structured-block
clause:
num_teams(integer-expression)
thread_limit(integer-expression)
default(shared | none)
private(list)
firstprivate(list)
shared(list)
reduction(reduction-identifier: list)
4.0

distribute [simd] [2.9.6, 2.9.7]

distribute specifies loops which are executed by the
thread teams. distribute simd specifies loops which are
executed concurrently using SIMD instructions.
#pragma omp distribute [clause[ [, ]clause] ...]
for-loops
#pragma omp distribute simd [clause[ [, ]clause] ...]
for-loops
clause:
private(list)
firstprivate(list)
collapse(n)
dist_schedule(kind[, chunk_size])
4.0

distribute parallel for [simd] [2.9.8, 2.9.9]

These constructs specify a loop that can be executed
in parallel [using SIMD semantics in the simd case] by
multiple threads that are members of multiple teams.
#pragma omp distribute parallel for [clause[ [, ]clause] ...]
for-loops
#pragma omp distribute parallel for simd [clause[ [, ]clause] ...]
for-loops
clause: See clause for distribute
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Directives (Continued)
parallel loop [2.10.1] [2.6.1]

task [2.11.1] [2.7.1]

atomic (continued)

Shortcut for specifying a parallel construct containing one
or more associated loops and no other statements.
#pragma omp parallel for [clause[ [, ]clause] ...]
for-loop
clause: Any accepted by the parallel or for directives,
except the nowait clause, with identical meanings and
restrictions.

Defines an explicit task. The data environment of the task
is created according to data-sharing attribute clauses on
task construct and any defaults that apply.

and where structured-block may be one of the following
forms:
{v = x; x binop= expr;}
{x binop= expr; v = x;}
{v = x; x = x binop expr;}
{v = x; x = expr binop x;}
{x = x binop expr; v = x;}
{x = expr binop x; v = x;}
{v = x; x = expr;}
{v = x; x++;}
{v = x; ++x;}
{++x; v = x;}
{x++; v = x;}
{v = x; x--;}
{v = x; --x;}
{--x; v = x;}
{x--; v = x;}

parallel sections [2.10.2] [2.6.2]
Shortcut for specifying a parallel construct containing one
sections construct and no other statements.
#pragma omp parallel sections [clause[ [, ]clause] ...]
{
[#pragma omp section]
structured-block
[#pragma omp section
structured-block]
...
}
clause: Any of the clauses accepted by the parallel or
sections directives, except the nowait clause, with
identical meanings and restrictions.
4.0

parallel loop simd [2.10.4]

Shortcut for specifying a parallel construct containing one
loop SIMD construct and no other statements.
#pragma omp parallel for simd [clause[ [, ]clause] ...]
for-loops
clause: Any accepted by the parallel, for or simd
directives, except the nowait clause, with identical
meanings and restrictions.
4.0

target teams [2.10.5]

Shortcut for specifying a target construct containing a
teams construct.
#pragma omp target teams [clause[ [, ]clause] ...]
structured-block
clause: See clause for target or teams
4.0

teams distribute [simd] [2.10.6, 2.10.7]

Shortcuts for specifying a teams construct containing a
distribute [simd] construct.
#pragma omp teams distribute [clause[ [, ]clause] ...]
for-loops
#pragma omp teams distribute simd [clause[ [, ]clause] ...]
for-loops
clause: Any clause used for teams or distribute [simd]
4.0

target teams distribute [simd] [2.10.8, 2.10.9]

Shortcuts for specifying a target construct containing a
teams distribute [simd] construct.
#pragma omp target teams distribute [clause[ [, ]clause] ...]
for-loops
#pragma omp target teams distribute simd [clause[ [, ]clause] ...]
for-loops
clause: Any clause used for target or teams distribute [simd]
4.0

teams distribute parallel for [simd] [2.10.10, 12]

Shortcuts for specifying a teams construct containing a
distribute parallel for [simd] construct.
#pragma omp teams distribute parallel for [clause[ [, ]clause] ...]
for-loops
#pragma omp teams distribute parallel for simd [clause[ [, ]clause] ...]
for-loops
clause: Any clause used for teams or distribute parallel for
[simd]
4.0

target teams distribute parallel for [simd] [2.10.11, 13]

Shortcut for specifying a target construct containing a
teams distribute parallel for [simd] construct.
#pragma omp target teams distribute parallel for \
[clause[ [, ]clause] ...]
for-loops
#pragma omp target teams distribute parallel for simd \
[clause[ [, ]clause] ...]
for-loops
clause: Any clause used for target or teams distribute
parallel for [simd]
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#pragma omp task [clause[ [, ]clause] ...]
structured-block
clause:
if(scalar-expression)
final(scalar-expression)
untied
default(shared | none)
mergeable
private(list)
firstprivate(list)
shared(list)
4.0 depend(dependence-type: list)

flush [2.12.7] [2.8.6]
Executes the OpenMP flush operation, which makes
a thread’s temporary view of memory consistent with
memory, and enforces an order on the memory operations
of the variables.
#pragma omp flush [(list)]

The list items that appear in the depend clause may
include array sections.
dependence-type: The generated task will be a dependent
task of all previously generated sibling tasks that reference
at least one of the list items...
• in: ...in an out or inout clause.
• out and inout: ...in an in, out, or inout clause.

taskyield [2.11.2] [2.7.2]
Specifies that the current task can be suspended in favor
of execution of a different task.
#pragma omp taskyield

master [2.12.1] [2.8.1]
Specifies a structured block that is executed by the master
thread of the team.
#pragma omp master
structured-block

critical [2.12.2] [2.8.2]
Restricts execution of the associated structured block to a
single thread at a time.
#pragma omp critical [(name)]
structured-block

barrier [2.12.3] [2.8.3]
Specifies an explicit barrier at the point at which the
construct appears.
#pragma omp barrier

taskwait [2.12.4] [2.8.4],

4.0

taskgroup [2.12.5]

These constructs each specify a wait on the completion
of child tasks of the current task. taskgroup also waits for
descendant tasks.
#pragma omp taskwait
#pragma omp taskgroup
structured-block

atomic [2.12.6] [2.8.5]
Ensures that a specific storage location is accessed
atomically. [seq_cst] is 4.0 .
#pragma omp atomic [read | write | update | capture]
[seq_cst]
expression-stmt
#pragma omp atomic capture [seq_cst]
structured-block
where expression-stmt may be one of:
if clause is...
read
write
update or
is not present
capture

expression-stmt:
v = x;
x = expr;
x++;
x--;
++x;
--x;
x binop= expr; x = x binop expr;
x = expr binop x;
v=x++; v=x--; v=++x; v= --x;
v=x binop= expr; v=x = x binop expr;
v=x = expr binop x;

ordered [2.12.8] [2.8.7]
Specifies a structured block in a loop region that will be
executed in the order of the loop iterations.
#pragma omp ordered
structured-block
4.0

cancel [2.13.1]

Requests cancellation of the innermost enclosing region of
the type specified. The cancel directive may not be used in
place of the statement following an if, while, do, switch,
or label.
#pragma omp cancel construct-type-clause[ [, ] if-clause]
construct-type-clause:
parallel
sections
for
taskgroup
if-clause:
if(scalar-expression)
4.0

cancellation point [2.13.2]

Introduces a user-defined cancellation point at which tasks
check if cancellation of the innermost enclosing region of
the type specified has been requested.
#pragma omp cancellation point construct-type-clause
construct-type-clause:
parallel
sections
for
taskgroup

threadprivate [2.14.2] [2.9.2]
Specifies that variables are replicated, with each thread
having its own copy. Each copy of a threadprivate variable
is initialized once prior to the first reference to that copy.
#pragma omp threadprivate(list)
list:
A comma-separated list of file-scope, namespacescope, or static block-scope variables that do not have
incomplete types.
4.0

declare reduction [2.15]

Declares a reduction-identifier that can be used in a
reduction clause.
#pragma omp declare reduction(reduction-identifier :
typename-list : combiner) [initializer-clause]
reduction-identifier: A base language identifier or one of
the following operators: +, -, *, &, |, ^, && and ||
In C++, this may also be an operator-function-id
typename-list: A list of type names
combiner: An expression
initializer-clause: initializer ( omp_priv = initializer |
function-name (argument-list ))

(Continued >)
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Runtime Library Routines

Return types are shown in green.

Execution environment routines affect and monitor threads, processors, and the parallel environment. The library routines are external functions with “C” linkage.

Execution Environment Routines

omp_get_schedule [3.2.13] [3.2.12]

4.0

omp_set_num_threads [3.2.1] [3.2.1]

Returns the value of run-sched-var ICV, which is the
schedule applied when runtime schedule is used.
void omp_get_schedule(
omp_sched_t *kind, int *modifier);

Returns the number of target devices.
int omp_get_num_devices(void);

See kind above.

Returns the number of teams in the current teams region,
or 1 if called from outside of a teams region.
int omp_get_num_teams(void);

Affects the number of threads used for subsequent
parallel regions not specifying a num_threads clause, by
setting the value of the first element of the nthreads-var
ICV of the current task to num_threads.
void omp_set_num_threads(int num_threads);

omp_get_num_threads [3.2.2] [3.2.2]
Returns the number of threads in the current team. The
binding region for an omp_get_num_threads region is
the innermost enclosing parallel region.
int omp_get_num_threads(void);

omp_get_max_threads [3.2.3] [3.2.3]
Returns an upper bound on the number of threads that
could be used to form a new team if a parallel construct
without a num_threads clause were encountered after
execution returns from this routine.
int omp_get_max_threads(void);

omp_get_thread_num [3.2.4] [3.2.4]
Returns the thread number of the calling thread within
the current team.
int omp_get_thread_num(void);

omp_get_num_procs [3.2.5] [3.2.5]
Returns the number of processors that are available to
the device at the time the routine is called.
int omp_get_num_procs(void);

omp_in_parallel [3.2.6] [3.2.6]
Returns true if the active-levels-var ICV is greater than
zero; otherwise it returns false.
int omp_in_parallel(void);

omp_set_dynamic [3.2.7] [3.2.7]
Returns the value of the dyn-var ICV, which indicates if
dynamic adjustment of the number of threads is enabled
or disabled.
void omp_set_dynamic(int dynamic_threads);

omp_get_dynamic [3.2.8] [3.2.8]
This routine returns the value of the dyn-var ICV, which
is true if dynamic adjustment of the number of threads is
enabled for the current task.
int omp_get_dynamic(void);
4.0

omp_get_cancellation [3.2.9]

Returns the value of the cancel-var ICV, which controls
the behavior of cancel construct and cancellation points.
int omp_get_cancellation(void);

omp_get_thread_limit [3.2.14] [3.2.13]
Returns the value of the thread-limit-var ICV, which is the
maximum number of OpenMP threads available.
int omp_get_thread_limit(void);

omp_set_max_active_levels [3.2.15] [3.2.14]
Limits the number of nested active parallel regions, by
setting max-active-levels-var ICV.
void omp_set_max_active_levels(int max_levels);

omp_get_max_active_levels [3.2.16] [3.2.15]
Returns the value of max-active-levels-var
ICV, which determines the maximum number of nested
active parallel regions.
int omp_get_max_active_levels(void);

omp_get_level [3.2.17] [3.2.16]
For the enclosing device region, returns the levels-vars
ICV, which is the number of nested parallel regions that
enclose the task containing the call.
int omp_get_level(void);

omp_get_ancestor_thread_num [3.2.18] [3.2.17]
Returns, for a given nested level of the current thread,
the thread number of the ancestor of the current thread.
int omp_get_ancestor_thread_num(int level);

omp_get_team_size [3.2.19] [3.2.18]
Returns, for a given nested level of the current thread,
the size of the thread team to which the ancestor or the
current thread belongs.
int omp_get_team_size(int level);

omp_get_active_level [3.2.20] [3.2.19]
Returns the value of the active-level-vars ICV, which
determines the number of active, nested parallel regions
enclosing the task that contains the call.
int omp_get_active_level(void);

omp_in_final [3.2.21] [3.2.20]
Returns true if the routine is executed in a final task
region; otherwise, it returns false.
int omp_in_final(void);
4.0

omp_set_nested [3.2.10] [3.2.9]
Enables or disables nested parallelism, by setting the
nest-var ICV.
void omp_set_nested(int nested);

omp_get_nested [3.2.11] [3.2.10]
Returns the value of the nest-var ICV, which indicates if
nested parallelism is enabled or disabled.
int omp_get_nested(void);

omp_set_schedule [3.2.12] [3.2.11]
Affects the schedule that is applied when runtime is used
as schedule kind.
void omp_set_schedule(omp_sched_t kind, int modifier);
kind: one of the folowing, or an implementation-defined
schedule:
omp_sched_static = 1
omp_sched_dynamic = 2
omp_sched_guided = 3
omp_sched_auto = 4
© 2013 OpenMP ARB

omp_get_proc_bind [3.2.22]

Returns the thread affinity policy to be used for the
subsequent nested parallel regions that do not specify a
proc_bind clause.
omp_proc_bind_t omp_get_proc_bind(void);
Returns one of:
omp_proc_bind_false = 0
omp_proc_bind_true
=1
omp_proc_bind_master = 2
omp_proc_bind_close = 3
omp_proc_bind_spread = 4

4.0

4.0

omp_get_num_devices [3.2.25]

omp_get_num_teams [3.2.26]

omp_get_team_num [3.2.27]

Returns the team number of calling thread. The
team number is an integer between 0 and one less than
the value returned by omp_get_num_teams, inclusive.
int omp_get_team_num(void);
4.0

omp_is_initial_device [3.2.28]

Returns true if the current task is executing
on the host device; otherwise, it returns false.
int omp_is_initial_device(void);

Lock Routines
General-purpose lock routines. Two types of locks are
supported: simple locks and nestable locks. A nestable
lock can be set multiple times by the same task before
being unset; a simple lock cannot be set if it is already
owned by the task trying to set it.

Initialize lock [3.3.1] [3.3.1]
Initialize an OpenMP lock.
void omp_init_lock(omp_lock_t *lock);
void omp_init_nest_lock(omp_nest_lock_t *lock);

Destroy lock [3.3.2] [3.3.2]
Ensure that the OpenMP lock is uninitialized.
void omp_destroy_lock(omp_lock_t *lock);
void omp_destroy_nest_lock(omp_nest_lock_t *lock);

Set lock [3.3.3] [3.3.3]
Sets an OpenMP lock. The calling task region is suspended
until the lock is set.
void omp_set_lock(omp_lock_t *lock);
void omp_set_nest_lock(omp_nest_lock_t *lock);

Unset lock [3.3.4] [3.3.4]
Unsets an OpenMP lock.
void omp_unset_lock(omp_lock_t *lock);
void omp_unset_nest_lock(omp_nest_lock_t *lock);

Test lock [3.3.5] [3.3.5]
Attempt to set an OpenMP lock but do not suspend
execution of the task executing the routine.
int omp_test_lock(omp_lock_t *lock);
int omp_test_nest_lock(omp_nest_lock_t *lock);

Timing Routines
Timing routines support a portable wall clock timer.These
record elapsed time per-thread and are not guaranteed to
be globally consistent across all the threads participating
in an application.

omp_get_wtime [3.4.1] [3.4.1]
4.0

omp_set_default_device [3.2.23]

Controls the default target device by
assigning the value of the default-device-var ICV.
void omp_set_default_device(int device_num);
4.0

omp_get_default_device [3.2.24]

Returns the default target device.
int omp_get_default_device(void);

Returns elapsed wall clock time in seconds.
double omp_get_wtime(void);

omp_get_wtick [3.4.2] [3.4.2]
Returns the precision of the timer (seconds between
ticks) used by omp_get_wtime.
double omp_get_wtick(void);
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Environment Variables [4]
Environment variable names are upper case, and the values assigned to them are case insensitive and may have leading and trailing white space.
4.0 [4.11] OMP_CANCELLATION policy
Sets the cancel-var ICV. policy may be true or false.
If true, the effects of the cancel construct and of
cancellation points are enabled and cancellation is
activated

[4.9] [4.8] OMP_MAX_ACTIVE_LEVELS levels

[4.1] [4.1] OMP_SCHEDULE type[,chunk]

Sets the max-active-levels-var ICV that controls the
maximum number of nested active parallel regions.

Sets the run-sched-var ICV for the runtime schedule type
and chunk size. Valid OpenMP schedule types are static,
dynamic, guided, or auto.

[4.6] [4.5] OMP_NESTED nested

4.0 [4.13] OMP_DEFAULT_DEVICE device

Sets the nest-var ICV to enable or to disable nested
parallelism. Valid values for nested are true or false.

Sets the default-device-var ICV that controls the default
device number to use in device constructs.

[4.2] [4.2] OMP_NUM_THREADS list

4.0 [4.12] OMP_DISPLAY_ENV var

Sets the nthreads-var ICV for the number of threads to
use for parallel regions.

If var is TRUE, instructs the runtime to display the
OpenMP version number and the value of the ICVs
associated with the environment variables as name=value
pairs. If var is VERBOSE, the runtime may also display
vendor-specific variables. If var is FALSE, no information
is displayed.

4.0 [4.5] OMP_PLACES places
Sets the place-partition-var ICV that defines the OpenMP
places available to the execution environment. places is
an abstract name (threads, cores, sockets, or implementation-defined), or a list of non-negative numbers.

[4.3] [4.3] OMP_DYNAMIC dynamic

[4.4] [4.4] OMP_PROC_BIND policy

Sets the dyn-var ICV. If true, the implementation may
dynamically adjust the number of threads to use for
executing parallel regions.

Sets the value of the global bind-var ICV, which sets the
thread affinity policy to be used for parallel regions at
the corresponding nested level. policy can be the values
true, false, or a comma-separated list of master, close, or
spread in quotes.

[4.7] [4.6] OMP_STACKSIZE size[B | K | M | G]

Sets the stacksize-var ICV that specifies the size
of the stack for threads created by the OpenMP
implementation. size is a positive integer that specifies
stack size. If unit is not specified, size is measured in
kilobytes (K).
[4.10] [4.9] OMP_THREAD_LIMIT limit

Sets the thread-limit-var ICV that controls the number of
threads participating in the OpenMP program.
[4.8] [4.7] OMP_WAIT_POLICY policy

Sets the wait-policy-var ICV that provides a hint to an
OpenMP implementation about the desired behavior
of waiting threads. Valid values for policy are ACTIVE
(waiting threads consume processor cycles while waiting)
and PASSIVE.

Clauses
The set of clauses that is valid on a particular directive is described with the directive. Most clauses accept a comma-separated list of list items. All list items appearing
in a clause must be visible, according to the scoping rules of the base language. Not all of the clauses listed in this section are valid on all directives. The set of clauses
that is valid on a particular directive is described with the directive.

Data Sharing Attribute Clauses [2.14.3] [2.9.3]
Data-sharing attribute clauses apply only to variables
whose names are visible in the construct on which the
clause appears.
default(shared | none)
Explicitly determines the default data-sharing attributes
of variables that are referenced in a parallel, task, or
teams construct, causing all variables referenced in the
construct that have implicitly determined data-sharing
attributes to be shared.
shared(list)
Declares one or more list items to be shared by tasks
generated by a parallel, task, or teams construct. The
programmer must ensure that storage shared by an
explicit task region does not reach the end of its lifetime
before the explicit task region completes its execution.
private(list)
Declares one or more list items to be private to a task
or a SIMD lane. Each task that references a list item
that appears in a private clause in any statement in the
construct receives a new list item.
firstprivate(list)
Declares list items to be private to a task, and initializes
each of them with the value that the corresponding
original item has when the construct is encountered.
lastprivate(list)
Declares one or more list items to be private to an implicit
task or to a SIMD lane, and causes the corresponding
original list item to be updated after the end of the
region.
4.0 linear(list[:linear-step])
Declares one or more list items to be private to a SIMD
lane and to have a linear relationship with respect to the
iteration space of a loop.
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tofrom: (Default) On entry to the region each new
corresponding list item is initialized with the original
list item’s value, and on exit from the region the
corresponding list item’s value is assigned to each
original list item.

reduction(reduction-identifier:list)
Specifies a reduction-identifier and one or more list items.
The reduction-identifier must match a previously declared
reduction-identifier of the same name and type for each
of the list items.
Operators for reduction (initialization values)
+
(0)
|
(0)
*
(1)
^
(0)
(0)
&&
(1)
&
(~0)
||
(0)

4.0

max (Least representable number in reduction list item type)
min (Largest representable number in reduction list item type)

Data Copying Clauses [2.14.4] [2.9.4]
copyin(list)
Copies the value of the master thread’s threadprivate
variable to the threadprivate variable of each other
member of the team executing the parallel region.
copyprivate(list)
Broadcasts a value from the data environment of one
implicit task to the data environments of the other
implicit tasks belonging to the parallel region.
4.0

SIMD Clauses [2.8.1]

safelen(length)
If used then no two iterations executed concurrently
with SIMD instructions can have a greater distance in the
logical iteration space than its value.

Map Clause [2.14.5]

map([map-type:]ist)
Map a variable from the task’s data environment to the
device data environment associated with the construct.
map-type:
alloc: On entry to the region each new corresponding
list item has an undefined initial value.
to: On entry to the region each new corresponding list
item is initialized with the original list item’s value.
from: On exit from the region the corresponding list
item’s value is assigned to each original list item.
(Continued >)
based on one or more of the OpenMP specifications must
acknowledge the copyright by displaying the following
statement: “OpenMP is a trademark of the OpenMP
Architecture Review Board. Portions of this product/
publication may have been derived from the OpenMP
Language Application Program Interface Specification.”

collapse(n)
A constant positive integer expression that specifies how
many loops are associated with the loop construct.
simdlen(length)
A constant positive integer expression that specifies the
number of concurrent arguments of the function.
aligned(argument-list[:alignment])
Declares one or more list items to be aligned to the
specified number of bytes. alignment, if present, must
be a constant positive integer expression. If no optional
parameter is specified, implementation-defined default
alignments for SIMD instructions on the target platforms
are assumed.
uniform(argument-list)
Declares one or more arguments to have an invariant
value for all concurrent invocations of the function in the
execution of a single SIMD loop.
inbranch
Specifies that the function will always be called from
inside a conditional statement of a SIMD loop.
notinbranch
Specifies that the function will never be called from inside
a conditional statement of a SIMD loop.
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int MPI_Iprobe (int source, int tag,
MPI_Comm comm, int *flag, MPI_Status
*status)

Check message arrival. (§3.8)

int MPI_Test (MPI_Request *request, int
*flag, MPI_Status *status)

Check or complete a non-blocking operation. (§3.7.3)

int MPI_Wait (MPI_Request *request,
MPI_Status *status)

Complete a non-blocking operation. (§3.7.3)

int MPI_Irecv (void *buf, int count,
MPI_Datatype, int source, int tag,
MPI_Comm comm, MPI_Request *request)

Begin to receive a message. (§3.7.2)

Non-blocking Point-to-Point

MPI_Buffer_attach, MPI_Buffer_detach, MPI_Sendrecv,
MPI_Sendrecv_replace, MPI_Get_elements

int MPI_Bcast (void *buf, int count,
MPI_Datatype datatype, int root,
MPI_Comm comm)

Send one message to all group members. (§4.4)

Collective

MPI_Type_hvector, MPI_Type_indexed,
MPI_Type_hindexed, MPI_Type_struct, MPI_Address,
MPI_Type_extent, MPI_Type_size, MPI_Type_lb,
MPI_Type_ub, MPI_Type_free

Related Functions: MPI_Type_contiguous,

int MPI_Pack_size (int incount,
MPI_Datatype datatype, MPI_Comm comm,
int *size)

Determine buffer size for packed data. (§3.13)

int MPI_Unpack (void *inbuf, int insize,
int *position, void *outbuf, int
outcount, MPI_Datatype datatype,
MPI_Comm comm)

int MPI_Probe (int source, int tag,
MPI_Comm comm, MPI_Status *status)

Related Functions: MPI_Bsend, MPI_Ssend, MPI_Rsend,

Unpack data from a message buffer. (§3.13)

int MPI_Pack (void *inbuf, int incount,
MPI_Datatype datatype, void *outbuf,
int outsize, int *position, MPI_Comm
comm)

Pack data into a message buffer. (§3.13)

int MPI_Type_commit (MPI_Datatype
*datatype)

Save a derived datatype (§3.12.4)

int MPI_Type_vector (int count, int
blocklength, int stride, MPI_Datatype
oldtype, MPI_Datatype *newtype)

Create a strided homogeneous vector. (§3.12.1)

Derived Datatypes

MPI_Ssend_init, MPI_Rsend_init, MPI_Recv_init,
MPI_Start, MPI_Startall

Related Functions: MPI_Send_init, MPI_Bsend_init,

Wait for message arrival. (§3.8)

int MPI_Get_count (MPI_Status *status,
MPI_Datatype datatype, int *count)

Count received data elements. (§3.2.5)

int MPI_Recv (void *buf, int count,
MPI_Datatype datatype, int source, int
tag, MPI_Comm comm, MPI_Status *status)

Receive a message from one process. (§3.2.4)

int MPI_Send (void *buf, int count,
MPI_Datatype datatype, int dest, int
tag, MPI_Comm comm)

Send a message to one process. (§3.2.1)

Blocking Point-to-Point

#include <mpi.h>

Message Passing Interface
Quick Reference in C

Persistent Requests

MPI_Irsend, MPI_Request_free, MPI_Waitany,
MPI_Testany, MPI_Waitall, MPI_Testall, MPI_Waitsome,
MPI_Testsome, MPI_Cancel, MPI_Test_cancelled

Related Functions: MPI_Isend, MPI_Ibsend, MPI_Issend,

MPI_Comm_create, MPI_Comm_free,

Related Functions: MPI_Comm_compare,

int MPI_Comm_split (MPI_Comm comm, int
color, int key, MPI_Comm *newcomm)

Split into categorized sub-groups. (§5.4.2)

int MPI_Comm_dup (MPI_Comm comm, MPI_Comm
*newcomm)

Duplicate with new context. (§5.4.2)

int MPI_Comm_rank (MPI_Comm comm, int
*rank)

Determine group rank of self. (§5.4.1)

int MPI_Comm_size (MPI_Comm comm, int
*size)

Count group members in communicator. (§5.4.1)

Basic Communicators

MPI_Group_translate_ranks, MPI_Group_compare,
MPI_Comm_group, MPI_Group_union,
MPI_Group_intersection, MPI_Group_difference,
MPI_Group_incl, MPI_Group_excl,
MPI_Group_range_incl, MPI_Group_range_excl,
MPI_Group_free

Related Functions: MPI_Group_size, MPI_Group_rank,

Groups

MPI_Scatterv, MPI_Allgather, MPI_Allgatherv,
MPI_Alltoall, MPI_Alltoallv, MPI_Op_create,
MPI_Op_free, MPI_Allreduce, MPI_Reduce_scatter,
MPI_Scan

Related Functions: MPI_Barrier, MPI_Gatherv,

int MPI_Reduce (void *sendbuf, void
*recvbuf, int count, MPI_Datatype
datatype, MPI_Op op, int root, MPI_Comm
comm)

Combine messages from all group members. (§4.9.1)

int MPI_Scatter (void *sendbuf, int
sendcount, MPI_Datatype sendtype, void
*recvbuf, int recvcount, MPI_Datatype
recvtype, int root, MPI_Comm comm)

Send separate messages to all group members. (§4.6)

int MPI_Gather (void *sendbuf, int
sendcount, MPI_Datatype sendtype, void
*recvbuf, int recvcount, MPI_Datatype
recvtype, int root, MPI_Comm comm)

Receive from all group members. (§4.5)
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SUPERCOMPUTER

OHIO

http://www.osc.edu/lam.html
ftp://tbag.osc.edu/pub/lam

lam@tbag.osc.edu

1224 Kinnear Rd.
Columbus, Ohio 43212
614-292-8492

LAM & MPI Information

MPI_Attr_put, MPI_Attr_get, MPI_Attr_delete

Related Functions: MPI_Keyval_create, MPI_Keyval_free,

Communicator Caches

MPI_Graphdims_get, MPI_Graph_get,
MPI_Cartdim_get, MPI_Cart_get,
MPI_Graph_neighbors_count, MPI_Graph_neighbors,
MPI_Cart_map, MPI_Graph_map

Related Functions: MPI_Graph_create, MPI_Topo_test,

int MPI_Cart_sub (MPI_Comm comm, int
*remain_dims, MPI_Comm *newcomm)

Split into lower dimensional sub-grids. (§6.5.6)

int MPI_Cart_shift (MPI_Comm comm, int
direction, int disp, int *rank_source,
int *rank_dest)

Determine ranks for cartesian shift. (§6.5.5)

int MPI_Cart_coords (MPI_Comm comm, int
rank, int maxdims, int *coords)

Determine cartesian coordinates from rank. (§6.5.4)

int MPI_Cart_rank (MPI_Comm comm, int
*coords, int *rank)

Determine rank from cartesian coordinates. (§6.5.4)

int MPI_Dims_create (int nnodes, int
ndims, int *dims)

Suggest balanced dimension ranges. (§6.5.2)

int MPI_Cart_create (MPI_Comm comm_old,
int ndims, int *dims, int *periods, int
reorder, MPI_Comm *comm_cart)

Create with cartesian topology. (§6.5.1)

Communicators with Topology

MPI_Comm_test_inter, MPI_Comm_remote_size,
MPI_Comm_remote_group, MPI_Intercomm_create,
MPI_Intercomm_merge

mpirun -v -s <src_node> -c <copies>
<nodes> <program> -- <args>

mpimsg
int MPIL_Spawn (MPI_Comm comm, char *app,
int root, MPI_Comm *child_comm);
int MPIL_Comm_id (MPI_Comm comm, int *id);

lamclean -v

Cleanup all processes and messages.

Examine the state of messages.
Spawn processes.

Get communicator ID.

mpitask

Examine the state of processes.

# comment
<program> -s <src_node> <nodes> -- <args>
<program> -s <src_node> <nodes> -- <args>
...etc...

Appfile Syntax

mpirun -v <appfile>

LAM / MPI Extensions

LAM Quick Reference

Start an SPMD application.

MPI_MAX, MPI_MIN, MPI_SUM, MPI_PROD,
MPI_BAND, MPI_BOR, MPI_BXOR, MPI_LAND,
MPI_LOR, MPI_LXOR

Start a MIMD application.

Processes and Messages

Reduction Operations (§4.9.2)

hcc -o <binary> <source> -I<incdir>
-L<libdir> -l<lib> -lmpi

Compile a program for LAM / MPI.

Compilation

# comment
<hostname> <userid>
<hostname> <userid>
...etc...

Hostfile Syntax

wipe -v <hostfile>

Terminate LAM.

lamboot -v <hostfile>

Start LAM on a group of hosts.

recon -v <hostfile>

Confirm a group of hosts.

Session Management

MPIL_Universe_size, MPIL_Type_id,
MPIL_Comm_gps, MPIL_Trace_off

Related Functions: MPIL_Comm_parent,

MPI_COMM_WORLD, MPI_COMM_SELF

Reserved Communicators (§5.2.4)

MPI_CHAR, MPI_SHORT, MPI_INT, MPI_LONG,
MPI_UNSIGNED_CHAR, MPI_UNSIGNED_SHORT,
MPI_UNSIGNED, MPI_UNSIGNED_LONG,
MPI_FLOAT, MPI_DOUBLE, MPI_LONG_DOUBLE,
MPI_BYTE, MPI_PACKED

Elementary Datatypes (§3.2.2)

MPI_ANY_TAG, MPI_ANY_SOURCE

Wildcards (§3.2.4)

Constants

MPI__Wtick, MPI_Initialized, MPI_Abort, MPI_Pcontrol

Related Functions: MPI_Get_processor_name,

int MPI_Finalize (void)

Cleanup MPI. (§7.5)

int MPI_Init (int *argc, char ***argv)

Initialize MPI. (§7.5)

double MPI_Wtime (void)

Determine wall clock time. (§7.4)

Environmental

int MPIL_Trace_on (void);

Enable trace collection.

int MPIL_Signal (MPI_Comm comm, int rank,
int signo);

Related Functions: MPI_Errhandler_create,
MPI_Errhandler_set, MPI_Errhandler_get,
MPI_Errhandler_free, MPI_Error_string,
MPI_Error_class

Deliver an asynchronous signal.

Error Handling

1 Incomplete

cudaGraphicsSubResourceGetMappedArray(&a, res, i, lvl)

texture<DataType,TexType,Mode> texRef
cudaCreateChannelDesc<DataType>()
cudaBindTexture(offset, texref , dptr , channelDesc, size)
cudaUnbindTexture(texRef)
tex1D(texRef, x)
tex2D(texRef, x, y)
tex3D(texRef, x, y, z)
tex1DLayered(texRef, x, layer)
tex2DLayered(texRef, x, y, layer)

Create CUDA Stream
Destroy CUDA Stream
Synchronize Stream
Stream completed?

cudaStreamCreate(cudaStream t &stream)
cudaStreamDestroy(stream)
cudaStreamSynchronize(stream)
cudaStreamQuery(stream)

CUDA Streams (Concurrency Management)
Stream = instruction sequence. Streams may execute their commands out of order.

Declare texture (at file scope)
Create channel descriptor
Bind memory to texture
Unbind texture
Fetch Texel (texture pixel)

Unmap graphics resource
cudaGraphicsUnmapResources(count, &res[, stream])
CUDA Texture
Textures are read-only global memory, but cached on-chip, with texture interpolation

Get CUDA array of a mapped
graphics resource
(OpenGL: texture or renderbu↵er)

CUDA Device Management
Init device (context)
cudaSetDevice(devID)
Reset current device
cudaDeviceReset()
CUDA Runtime API Error Handling
CUDA Runtime API error as String cudaGetErrorString(cudaError t err)
Last CUDA error produced by any cudaGetLastError()
of the runtime calls
OpenGL Interoperability
Init device
cudaGLSetGLDevice(devID)
(within OpenGL context)
(mutually exclusive to cudaSetDevice())
Register bu↵er object
cudaGraphicsGLRegisterBuffer(&res, id, flags)
(must not be bound by OpenGL)
Res: cudaGraphicsResource pointer
id: OpenGL Bu↵er Id
flags: register flags (read/write access)
Register texture or render bu↵er
cudaGraphicsGLRegisterImage(&res, id, target, flags)
Graphics Interoperability
Unregister graphics resource
cudaGraphicsUnregisterResource(res)
Map graphics resources for access by cudaGraphicsMapResources(count, &res[, stream])
CUDA
Get device pointer (access a mapped cudaGraphicsResourceGetMappedPointer(&dptr, size, res)
graphics resource)
(OpenGL: bu↵er object)

Reference for CUDA Runtime API. July 5, 2012. Contact: wmatthias@t-online.de. Cf. Complete Reference: ”NVIDIA CUDA C Programming Guide”, Version 4.0

called from host, executed on device
called from device, executed on device
(always inline when Compute Capability is 1.x)
__host__
called from host, executed on host
__host__ __device__
generates code for host and device
__noinline__
if possible, do not inline
__forceinline__
force compiler to inline
Variable Qualifiers (Device)
__device__
variable on device (Global Memory)
__constant__
variable in Constant Memory
__shared__
variable in Shared Memory
__restrict__
restricted pointers, assert to the compiler that pointers are
not aliased (cf. aliased pointer)
– No Qualifier –
automatic variable, resides in Register or in Local Memory
in some cases (local arrays, register spilling)
Built-in Variables (Device)
dim3 gridDim
dimensions of the current grid (gridDim.x, . . . )
(composed of independent blocks)
dim3 blockDim
dimensions of the current block (composed of threads)
(total number of threads should be a multiple of warp size)
uint3 blockIdx
block location in the grid (blockIdx.x, . . . )
uint3 threadIdx
thread location in the block (threadIdx.x, . . . )
int warpSize
warp size in threads (instructions are issued per warp)
Shared Memory
Static allocation
shared int a[128]
Dynamic allocation
extern shared float b []
(at kernel launch)
Host / Device Memory
Allocate pinned / page- cudaMallocHost(&dptr, size)
locked Memory on host
(for higher bandwidth, may degrade system performance)
Allocate Device Memory
cudaMalloc(&devptr, size)
Free Device Memory
cudaFree(devptr)
Transfer Memory
cudaMemcpy(dst, src, size, cudaMemcpyKind kind)
kind = {cudaMemcpyHostToDevice, . . . }
Nonblocking Transfer
cudaMemcpyAsync(dst, src, size, kind[, stream])
(host memory must be page-locked)
Copy to constant or global cudaMemcpyToSymbol(symbol, src, size[, offset[, kind]])
memory
kind=cudaMemcpy[HostToDevice|DeviceToDevice]
Synchronizing
Synchronizing one Block
syncthreads() (device call)
Synchronizing all Blocks
cudaDeviceSynchronize() (host call, CUDA Runtime API)
Kernel
Kernel Launch
kernel<<<dim3 blocks, dim3 threads[, ...]>>>( arguments )

Function Qualifiers
__global__
__device__

CUDA C Programming Quick Reference1
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Number of texture units

Number of warp schedulers

Number of instructions issued at once by scheduler

http://en.wikipedia.org/wiki/CUDA and Nvidia

2

1 Sources:

8

Number of special function units

1.1

Number of cores (with FPU and ALU)

Compute Capability

1.0

N/A

Max. surfaces bound to kernel

Architecture Specifications

N/A

Max. width⇥height for 2D surface

128

N/A

Max. textures bound to kernel

Max. width for 1D surface

20483

8192 ⇥ 8192 ⇥ 512

65536 ⇥ 32768

8192 ⇥ 512

Max. width⇥height⇥depth 3D texture

Max. width⇥height⇥layers for 2D texture

Max. width⇥height for 2D texture

Max. width⇥layers 1D texture
65536 ⇥ 65535

16384 ⇥ 2048

65536

1.2

8
1.3

1

2

4

4

32

2.0

16

2

2

8

8

48

2.1

65536 ⇥ 32768

65536

256

40963

16384 ⇥ 16384 ⇥ 2048

227

2 million

Max. width 1D texture (linear memory)

1

512 million

device dependent, 6-8 KB

512 KB

32

Max. instructions per kernel

8192

64K
63 (+1)

Cache working set per SM for texture

Max. width for 1D texture (CUDA array)

64

16
2048

1024

1024

232

3

3.0

48KB or 16KB

32K

1536

48

64 KB

32

64

3

2.x

8 KB

16 KB

16

16 KB

16 (+1)

16K

1024

32

1

1.3

Cache working set per SM for constant

Local memory per thread

Constant memory size

Number of shared memory banks

Max. shared memory per SM
( 2.0: configurable L1 Cache)

10 (+1)

Number of 32-bit registers per SM

Max. registers per thread

768

Max. resident threads per SM

512
8

216

2

1.2

512

1.1

24

1.0

Max. resident warps per SM

Max. resident blocks per SM

Warp Size

Max. threads per block

Max. z-dimension of a block

Max. x- or y-dimension of a block

Max. x-,y- or z-dimension of a grid

Max. dimensionality of block

Max. dimensionality of grid

Compute Capability

Technical Specifications

2

4

32

32

192

3.0

GF100, GF110

2.0

GK110 (GPGPU)

GK104, GK106, GK107

Yes

Texture

R

R

R/W

R/W

Block

Occupancy
#active warps per SM
=
(% ExcelSheet ”Occupancy Calculator”)
#possible warps per SM
Higher occupancy 6= better performance (it’s just more likely to hide latencies)
Potential occupancy limiters: Register usage, Shared Memory usage, Block size
Helpful nvcc compiler flag: --ptxas-options=-v(show memory usage of kernel)

Global Application
2.0 use L1 and L2 Caches.

Global Application

Global Application

Global Application

Block

R/W Thread

Surface
O↵-chip
Yes
R/W
*) Devices with compute capability

O↵-chip

Yes

Constant O↵-chip

N/A
No*

On-chip

No*

O↵-chip

Global

Shared

O↵-chip

Local

Thread

Thread

R/W Thread

On-chip

Register

N/A

Lifetime

- Dynamic Parallelism, Hyper-Q, Grid Management
Unit

”Kepler” - Polymorph Engine 2.0, GPU Boost,
TXAA, SMX (next-generation SM)

...

”Fermi” - ECC, Better Caches (L1 and L2),
GigaThread-Engine, better atomics, dual warp, unified address space, . . .

- Double-Precision, . . .

”Tesla” - Warp vote functions, . . .

- 32-bit Integer atomic functions for global memory,
...

”Unified Shader Architecture”
Supporting GPU programming with C.

Information

Memory Location Cached Access Scope

CUDA Memory

3.5

3.0

GF116,

GT200, GT200b

1.3

GF104, GF114,
GF108, GF106

GT218, GT216, GT215

1.2

2.1

G86, G84, G98, G96, G96b,
G94, G94b, G92, G92b

G80, G92, G92b, G94, G94b

GPUs

1.1

1.0

CC

Supported GPUs

