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Global Address SpaceςRange of addressable memory, 
entirely accessible to all processors.
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Partitioned Global Address Space ςRange of 
addressable memory, entirely accessible to all 
processors; affinity exposed.
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·What is a programming model?
·Mental model for a programmer

·View of data and control (execution)

·Popular non-PGAS parallel programming models
·Message-passing model

·Shared-memory model

·Data-parallel model
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·What is PGAS?

·Discussion of Several PGAS Languages

·Co-Array Fortran

·Unified Parallel C

·Chapel

·Stencil Case Study

·Summary
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·What is Co-Array Fortran?
·An extension of Fortran 95 (and part of the next standard)

·The language formerly known as F--

·Features
·SPMD parallelism via replication of images

·Co-arrays for distributed shared data

·Benefits
·Syntactically transparent communication

·One-sided communication

·Multi-dimensional arrays
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·Definitions
·Co-arrays: any array with co-dimensions

·Co-dimensions: distributed dimensions defined by brackets

·Examples
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real :: A(6)

real :: B(6)[*]

real :: C[*]

A(1:6) A(1:6) A(1:6)

B(1:6)[1] B(1:6)[2] B(1:6)[3]

C[1] C[2] C[3]

No way to access A remotely



·Remote accesses
·Via co-dimensions

·Standard Fortran 95 array operations

·Remote get example
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A(1) = B(1)[3]

A(6)

B(6)[*]

C[*]

SPMD Execution: Remote gets
on all images other than 3.



·Remote accesses
·Via co-dimensions

·Standard Fortran 95 array operations

·Remote put example
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B( this_image ())[2] = A(2)

A(6)

B(6)[*]

C[*]



·Remote accesses
·Via co-dimensions

·Standard Fortran 95 array operations

·Shift example
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if ( this_image () < num_images ()) then

A(2:5) = B(2:5)[ this_image ()+1]

endif

A(6)

B(6)[*]

C[*]



Synchronization is supported via procedures:

·sync_all ( [wait ] )

·sync_team (team [,wait ] )

·notify_team (team [,wait ] )

·wait_team(team [,wait ] )

Argument team specifies images involved in the barrier.

Argument wait specifies images on which to wait.
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Reductions are supported via functions:

·co_sum(array [,team ] )
Also co_product, co_minval, co_maxval, co_minloc, co_maxloc

·co_count(mask [,team ] )

Also co_any, co_all

Argument array (or mask) must be a co-array. 

Argument team specifies images involved in the reduction.
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·What is Unified Parallel C?
·An extension of C99

·An evolution of Split-C, AC, and PCP

·Features
·SPMD parallelism via replication of threads

·Shared and private address spaces

·Multiple memory consistency models

·Benefits
·Global view of data

·One-sided communication

·Support for distributed pointer-based data structures

The PGAS Programming Model 17



C[2]C[1]

Shared qualifies array types to form one logical array:
·Layout is cyclic by default.

·Blocking factor can be specified for block-cyclic layouts.

Examples
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float A[6];

shared [6] float B[18];

shared float C[18];

A[0]

B[0]

C[0]

A[5] A[0] A[5] A[0] A[5]

B[5] B[6] B[11] B[12] B[17]

C[15] C[16] C[17]

No way to access A remotely

ά.ƭƻŎƪέ Ƴǳǎǘ ōŜ ŎƻƳǇƛƭŜ-time constant



Shared applies also to scalar types and pointers:
·Shared data is logically singular.

·Shared/private pointers point to shared/private data.

Examples
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float x, *p1 = & x, * shared p4 = & x;

shared float y, *p2 = & y, * shared p3 = & y;

x p1 p2x p1 p2

y

x p1

p3

p2

p4
Ǉп ƛǎ άƴƻǘ ŀŘǾƛǎŜŘέ



Remote accesses
·Via shared data, shared pointers, or pointers to shared data

·No syntactic clue (unlike CAF)

Remote get example
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A[0] = B[12];

A[6]

shared [6] B[18]

shared C[18]



Remote accesses
·Via shared data, shared pointers, or pointers to shared data

·No syntactic clue (unlike CAF)

Remote put example
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B[6+MYTHREAD] = A[2];

A[6]

shared [6] B[18]

shared C[18]



Remote accesses
·Via shared data, shared pointers, or pointers to shared data

·No syntactic clue (unlike CAF)

Array copy example
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upc_forall ( i = 1; i < 18; i ++; &C( i ))

C( i ) = B( i );

upc_barrier ;

A[6]

shared [6] B[18]

shared C[18]



Shared-to-private casts
·Cast pointer-to-shared to pointer-to-private

·Allow fast local accesses

Example
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if ( MYTHREAD== 0) {

float* p = (float*)&B[0];

for ( i = 0; i < 6; i ++) A( i ) = *(p++);

}

A[6]

shared [6] B[18]



Synchronization is supported via keywords/functions:
·upc_barrier

·upc_notify barrier_value

·upc_wait barrier_value

·upc_lock ( upc_lock_t *)

·upc_lock_attempt ( upc_lock_t *)

·upc_unlock ( upc_lock_t *)

tƭǳǎΣ ǘƘŜǊŜΩǎ ŀ ŎƘƻƛŎŜ ƻŦ ƳŜƳƻǊȅ ŎƻƴǎƛǎǘŜƴŎȅ ƳƻŘŜƭǎΗ
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Collectives are supported via functions:
·upc_all_reduce T(...)

·upc_all_prefix_reduce T(...)

·upc_all_broadcast (...)

·upc_all_scatter (...)

And many others...
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·What is Chapel?
·A new language from Cray as part of a DARPA program

·Features
·Support for data-, task-, and nested parallelism

·Separation of concurrency from locality (tasks from locales)

·User-defined data distributions

·Benefits
·Global view of data and computation

·One-sided communication

·Support for objects, generics, ...
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