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PGAS (pégas) n. —

Address Space Range of addressable memory.




PGAS (pégas) n.

—

Global Address SpaageRange of addressable memory,
entirely accessible to all processors.




PGAS (pégas) n. T

Partitioned Global Address SpaceRange of

addressable memory, entirely accessible to all
processors; affinity exposed.




Programming Models

- What Is a programming model?
- Mental model for a programmer
. View of data and control (execution)

. Popular noAPGAS parallel programming models
. Messagepassing model
. Sharedmemory model
- Dataparallel model
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Outline

. Discussion of Several PGAS Languages
- CoArray Fortran
. Unified Parallel C
. Chapel

. Stencil Case Study

. Summary
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Co-Array Fortran

- What i1s CéArray Fortran?
- An extension of Fortran 95 (and part of the next standard)
- The language formerly known as F

- Features
- SPMD parallelism via replicationiofages
. Coarrays for distributed shared data

. Benefits
. Syntactically transparent communication
- Onesided communication
- Multi-dimensional arrays
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Co-Arrays and Co-Dimensions

. Definitions
. Coarrays: any array with edimensions
- Codimensions: distributed dimensions defined by brackets

. Examples
real :: A(6) h No way to access A remotelly
real :: B(6)[*]
real . C[*]
1 1
: :
A(1:6) ! A(1:6) : A(1:6)
(I O I
B(1:6)[1] i B(1:6)[2] i B(1:6)[3]
| |
cl1] I el el
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CAF Communication

. Remote accesses
- Via cedimensions
. Standard Fortran 95 array operations

. Remote get example

A1) =B@)E] |

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

A(6) -\

Be)*

crl M

:L
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CAF Communication

. Remote accesses
- Via cedimensions
. Standard Fortran 95 array operations

. Remote put example

B(this_image ())[2] = A(2) ]
| |
e
1 |
e I { [T 1]
| |
| |
crl M i i
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CAF Communication

. Remote accesses
- Via cedimensions
. Standard Fortran 95 array operations

. Shift example

if (this_image ()< num_images ()) then}

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

endif
| |

N %ﬁ
| |

Be) I i
| |
| |

crl M | |
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CAF Synchronization

Synchronization is supported via procedures:

- sync_all ( [walt ])

. sync_team (team [wait ])

- notify_team  (team [,wait |)

. wait_team(team [,wait ])

Argumentteam specifies images involved in the barrier.
Argumentwait specifies images on which to wait.
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CAF Reductions

Reductions are supported via functions:

. co_sum(array [,team ])
Alsoco_productco_minval co_maxval co_minlog co_maxloc

. co_count(mask [,team ])
Alsoco_anyco_all

Argumentarray (or mask) must be a carray.
Argumentteam specifies images involved in the reduction.
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Unified Parallel C

- What is Unified Parallel C?

- An extension of C99
. An evolution of SphC, AC, and PCP

- Features
. SPMD parallelism via replicationtbfeads
. Shared and private address spaces
- Multiple memory consistency models

. Benefits
- Global view of data
. Onesided communication
- Support for distributed pointebased data structures

The PGAS Programming Model 17



Shared Arrays

Sharedqualifies array types to form one logical array:
- Layout Is cyclic by default.
- Blocking factor can be specified for blexfclic layouts.

Examples —1[a 281 ¢ Y dziliiie conStanth 2 Y|

shared float C[18];

float  A[6]: /
shared [6] “float  B[18]; / No way to access A remotely

1 1
1 1
A[O] Al5] | A[O] Al5] | A[O] Al5]

B[O] B[5] ; B[6] B[11]; B[12] B[17]
| |

C[0] C[15]' C[1] C[16]' C[2] C[17]
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The Shared Type Qualifier

Shared applies also to scalar types and pointers:
Shared data is logically singular.
Shared/private pointers point to shared/private data.
Examples

float x,*pl=& Xx,* shared p4=& Xx;
shared float vy,*p2=& vy,* shared p3=& vy;

| |
- .‘:.::‘---.-.....:.‘-‘__._..----]:::5::5;'1_:ff;7“|--,;.-................. ................. I ............ My,
|4 F e e |.-". v a T, : I S .
- B ; o _
xopl p2 | x pl p2 | x pl p2
s i I
s Al l
\ A I
H EH B !
I
y p3 p4 l 1 é .
- LJn Aa aypPUuU | ROAaSRe
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UPC Communication

Remote accesses

- Via shared data, shared pointers, or pointers to shared data
- No syntactic clue (unlike CAF)

Remote get example

A[0] = B[12]; ]

A[6] -\

shared [6] B15] M .

shared C[18] |INNNIININN

h
“L
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UPC Communication

Remote accesses
- Via shared data, shared pointers, or pointers to shared data
- No syntactic clue (unlike CAF)

Remote put example

B[6+MYTHREAD] = A[2];, |

e
shared [6] B[18] [FEIEITITT [TTTTT]

shared C[18] |INNNIININN
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UPC Communication

Remote accesses

- Via shared data, shared pointers, or pointers to shared data
- No syntactic clue (unlike CAF)

Array copy example

upc_forall (i =1; i <18; i++ &C( i))}

C(i)=8B( 1)
upc_barrier

Al6]

shared [6] B[18]

“V (8 N N N N N ]
‘A----

shared C[18] - -
| |
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Optimizing UPC

Sharedto-private casts
. Cast pointetto-shared to pointetto-private
. Allow fast local accesses

Example

if (MYTHREAD==0) { A
float* p = (float*)&B[0];
for( i =0; i <6, i++)A( i)=*p++),

}

. m
shared [6] B[18]
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UPC Synchronization

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 *)

A - A\

t fdza> O0KSNBQa || OK2A0OS 2-
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UPC Collectives

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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Chapel

- What is Chapel?
. A new language from Cray as part of a DARPA program

- Features
- Support for datg task, and nested parallelism
- Separation of concurrency from locality (tasks from locales)
. Userdefined data distributions

. Benefits
- Global view of data and computation
- Onesided communication
. Support for objects, generics, ...
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