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GPU Programming model

= MPI primitives can be used for communications between GPUs
» Host centric MP| with GPU awareness: ‘

= Host initiated communication:

= Pipelining or dma_buf (direct GPU memory access)

= | ocal GPU to GPU communication
= GPU kernels for collective operations (MPI_Allreduce, MPI_Reduce)
= GPU centric MPI:

= GPU kernel-initiated communication
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GPU Programming model. Where are we now?

Host initiated MPI GPU initiated MPI

Host centric
GPU Aware
Intel® MPI

* GPU buffers support
* Pipelining (in progress)
.  Allreduce GPU kernel (in progress)
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Intel® MP| Simplifies Programming for GPUs*

= Multiple GPUs with multiple Tiles require manual domain
decomposition or implicit scaling mechanism which ma#
not be always desirable

= Intel MPI| enables single GPU / Tile programming while
eaving distribution to the library

= Intel MPI allows to assign GPUs / Tiles to individual MPI
ranks

" Intel MP| allows users to pass GPU memory pointers to

. the library




Intel® MP| GPU Pinning
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Intel GPU pinning support

= Automatic Intel GPU resources  Default settings:

distribution
= No user code changes required SIS OIS LB E I
on different GPU configurations TOPOLIB=level_zero
CELL=tile
" NUMA aware DOMAIN_SIZE=-1 (auto)
DEVICES=all
E.g:

_MPI_OFFLOAD_TOPOLIB=level_zero
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Example — Default: 4 ranks

_MPI_DEBUG=120

[O] MPI startup(): ===== GPU topology on host] ===== ‘
[O] MPI startup(): NUMA nodes: 2
[O] MPI startup(): GPUs :2
[O] MPI startup(): Tiles 4
[0] MPI startup(): ===== GPU Placement on packages =====
[O] MPI startup(): NUMAId  GPUId Tiles Ranks
[O] MPI startup(): O 0 (o})) 0, rankio | fenka iz ) mnks
[O] MPI startup(): 1 T (2,3) 2,3 GPU O GCPU 1
rank 0 rank 1 rank 2 rank 3
| MP|_DEBUG=3

NUMA node O NUMA node 1

[O] MPI startup(): ===== GPU pinning on host] =====

[O] MPI startup(): Rank Pin tile

[O]MPI startup(O): O 0%

[O] MPIstartupQ: 1 313
]
]

MPlstartup(): 2 $2%
MPI startup(): 3 133

O
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Example — Default: 3 ranks

_MPI_DEBUG=3
_MPI_OFFLOAD_DOMAIN_SIZE=-1(auto) [default]

[O] MPI startup(): ===== GPU pinning on host1 =====

[0] MPI startup(): Rank Pintile rank0 | fank1 rank2 | rank2
[O] MPIstartup(): O 303 GPU O GPU 1
[O]MPIstartupO: 1 318 rank 0 fank 1 e

[O] MPIstartupQ): 2 32,35 NUMA node0 NUMA node 1
[0] MP startup(): ===== GPU pinning on host] =====

[O] MPI startup(): Rank Pin tile Ef | =R rank1 | rank2
[O] MPI startup(): O 30,1 ZPU0 E

O] MPlstartup(: 1 32% rank 0 rank 1 rank 2
O] MPIstartupQ: 2 23 NUMA node 0 NUMA node
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Example — I_MPI_OFFLOAD_CELL

I_MPI_OFFLOAD_CELL=device

| MP|_DEBUG=3

rank 0 rank 0 rank 2 ramk 2
[0] MPI startup(): ===== GPU pinning on host] ===== rank1 | rank1 rank3 | rank3
[0] MPI startup(): Rank Pin tile mi?:jm mﬁiur:ka
[O]MPIstartupQ: O 3018 NUMA node 0 NUMA node 1
[O] MPIstartup(): 1 30,13
[O] MPI startup(): 2 32,3}

]

'O MPI startup(): 3 12,33
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Example — I_MPI_OFFLOAD_DOMAIN_SIZE

| MPI_OFFLOAD_DOMAIN_SIZE=] ‘
| MPI_DEBUG=3
rank O rank 1 rank 2

[0] MPI startup(): ===== GPU pinning on host] =====

GFU O GPU 1
[O] MPI startup(): Rank Pin tile — - s
Ol eOF O <10k NUMA node 0 NUMA node 1
[O] MPI startup(Q): 1 1%
[O] MPl startup(): 2 32%
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Example - I_MPI_OFFLOAD_DEVICE

|_MPI_OFFLOAD_DEVICES=0
_MPI_DEBUG=3

[O] MPI startup(): ===== GPU pinning on host] ===== ::2 :-:; ><IX
[0] MPI startup(): Rank Pin tile mﬁﬂejm misur:ka
[O}MPIstartup(): O 205 NUMA node 0 NUMA node 1
[O] MPl startup(Q): 1 31%
[O] MPl startup(): 2 30%

]

'o MPI startup(): 3 313




Example — I_MPI_OFFLOAD_DOMAIN

| MPI_ OFFLOAD_DOMAIN=[B25 C]
reverse bit masks: [11010100.1010,0011]

| MPI_DEBUG=3
rank O rank O rank 2 rank 0
rank 2 rank 1 rank 3 rank 3
N o . s GPUO GPU 1
O] MPI startup(): = GPU pinning on host] o e

0] MP startup(): Rank Pin tile

[

[ NUMA node O NUMA node T
[O] MPIstartup(): O 30,1,3%

[

[

O] MPl startupQ: 1 $1%
O] MPl startup(): 2 30,2¢

.O MPI startup(): 3 12,33
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Intel® MP| GPU Buffers Support
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Explicitly enable Offloading Library

Syntax
|_MPI_OFFLOAD=<value>
Arguments
O - Disabled (default value)
1 - Auto, expects that libze_loader.so is already loaded
2 -Enabled. Intel MPIloads libze_loader.so
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Execution models

1. Naive (w/ OpenMP using map(tofrom) clause) d

Pl Pt At m  Ememm oo R T
! i1 . flafin P il TR
JFAoLopy-aata T om-NnostT -TO -device

#pragma omp target data map(to: rank, num_values) map(tofrom: values[B8:num_values])

'/ Compute on - GPU
#pragma omp target parallel for
for (1 = 0; i < num_values; i++) {
values[i] = values[i] + rank + 1;
Iy
'/ -Communicate on CPU: Send buffer to rank 0 after copy back from GPU to -host

l MPI_Send(values, num_values, MPI_INT, dest_rank, tag, MPI_COMM_WORLD);




Execution models

2. GPU buffer aware (w/ openMP using pointers) ‘

™ g i iy - = by iy P AorrT oo
S oLopy-aatda T om-nostT -TO -device

ey

Fr Pammarta  me . D
|_.|_.'l.||_'.'|_.1:|:' an I_Tl"l_-l

Zpragma omp target parallel fo
for (1 =0; 1 < num_values; i++)
values[i] = values[i] + rank + 1T

! PammiinSeata . . PO Cand . Ri1EEan P T i . Ae Ll Ernam . D
Communicate -on-CPU: 5end |.-'L-__T__TG'. to rank -8 without copy -DacH __T. om - PU

MPI_Send(values, num_values, MPI_INT, dest_rank, tag, MPI_COMM_WORLD);
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Execution models

= Build ‘

= Clanguage:
$ mpiicc -cc=icx -fiopenmp -fopenmp-targets=spir64 test.c -o test
» Fortran language:

$ mpiifort -fc=ifx -fiopenmp -fopenmp-targets=spir64 test.fQ0 -o test

= Fxecute
$|_MPI_OFFLOAD=2 mpirun -n 2 ./test

I




[}

Conclusion

» «GPU Pinning» and «GPU Buffers Support» features in Intel® MPI can‘
significantly simplify programming for GPUs

s Reference:

https://software.intel.com/content/www/us/en/develop/documentatio
n/mpi-developer-reference-linux/top/environment-variable-
reference/gpu-support.htm
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Demo




Questions?






