Creating Multi-GPU Programming - Scale-
e Up and Scale-Out
it c made easy, using the

Intel® MPI Library

intel.
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How to Program Intel GPUs in HPC



* Multiple GPUs with multiple Tiles require manual domain-
decomposition or implicit scaling mechanism which may
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 MP|
ranks

= Intel MPI allows users to pass GPU memory pointers to the
! Iibrary

Intel® MPI Simplifies Programming for GPUs*




Intel GPU pinning support

= Automatic Intel GPU resources Default settings:
distribution

|

. |_MP|_OFFLOAD_ * family:
« No user code changes required on — - _* family

different GPU configurations TOPOLIB=level_zero
| CELL=tile
* NUMA aware DOMAIN._SIZE=-1 (auto)
DEVICES=all

E.g:| MPI_OFFLOAD TOPOLIB=level zero



Example — Default: 4 ranks

|_MP!_DEBUG=120

|0] MPtstariup(): =====GFLll topology on hosil ==== i
[01 WP} startup(): NUMA nodes = 2
B] MPl sartupl): GPUs P
[C] MPLstartupl): Tikes 4
0] MPL.startup(): ===== GPU Piacement on packases =—===
gD] MPy :_st_'ar!uﬂl:l: ﬂLMA Id  GPU Ties Fanks ko | ——n
8] Mt sarsupl): O {) (3,1) 0,1
Gl ML startuol): 2 1 {2.3] a3 GPU O GPL 1
rank 0 Gk fank 2 rank3

|_MP|_DEBUG=3

(01 MP] startupl): =====GPU pinning an hostl ===—-=
1G] MP sartupl): Bank Pin tile

[G] MPLstartuol: @ 1G]

|0] MPLstartup(): 1 (1)

QIMPIstartupl): 2 [2)

Gl ssartup(): 3 (3]

NUMA node 0 NUMA node 1




Example — Default: 3 ranks

|_MP|_DEBUG=3
|_MPI_OFFLOAD DOMAIN_SIZE=-1 (auto) [default]

shine’d raish X

GPL

=ra ]

NUMA node 1

[O0] MPI startupl): ===== GPU pinning on hosti =====

iG] MPI startup{); Rank Pin tile @m0 | ekl
0] MPI startup(); O {0} GPU O

[0] MPI startupl): 1 {1} s

[O] MPI startupl): 2 (2,3} NUMA node O
[0] MPI startup(): =====GPU pinning on hostl —==—=

[0] MPI startupl): Rank Pin tile rko | tnko
(0] MPI startup(): O (0,1} GPUO

makl | =akd

GPU 1

=] raokh3

0] MPI startup(): 1 {2} tank O
0] MP| startup(): 2 {3) NUMA node O

NUMA node 1

i



Example -1 MPI_OFFLOAD CELL

|_MPI_OFFLOAD CELL=device
|_MP|_DEBUG=3

i

marge 0 rank'o rarw 2 rank 2
[0] MPI startunl): ===== GPU pinning on hostl ===== ke | fEnkY mankd | rank3
. | | | GPU D GPU 1
(0] MP) startupl): Rank Pin tile - B P
MPI i : :
OVl St UR R T, NUMA node 0 NUMA node 1

[0 MP! startupl): 1 (0,1}
[O] MPI startup();: 2 {Z.3]

-D] MPI startupl): 3

——

2.3)



|_MPI_OFFLOAD DOMAIN_SIZE=1 =
|_MPI_DEBUG=3

Example — |_MPI_OFFLOAD_DOMAIN_SIZE

ank o | @nkl rank 3
[0] MPI startunl): ===== GPU pinning on hostl =====
, | GPU 0 GPU 1
[0 MP] startupl): Rank Pin tile —_— P
|OJjMPi staTtupf)s G H10) NUMAnode0 NUMA node 1
[0 MP! startupl): 1 {1}
[0] MPI startup(); 2 {2}

N
— "



Example — 1 _MPI|_OFFLOAD DEVICES

|_MPI_OFFLOAD _DEVICES=0
|_MPI_DEBUG=3

i

mRok0 | @ekY S "'E.Rf"*
[0] MPI startunl): ===== GPU pinning on hostl ===== fara | ranks f*"'“‘-nk____.-f’ ~
. | | | GPU D GPU 1
(0] MP) startupl): Rank Pin tile p— e
MPI L 4
Hl kI ST aph S O, NUMA node 0  NUMA node 1

[0 MP! startupl): 1 {1}
[0] MPI startup(); 2 {0}

-D] MPI startup(): 3 {1}



Example -1 _MPI_OFFLOAD DOMAIN

|_ MPI_OFFLOAD DOMAIN=[B,2,5,C]
reverse bit masks: [1101,0100,1010,0011]
|_MPI_DEBUG=3

i

rank © fank o fank 2 rank 0
Eee2 | ey ks | rzeKs
L . GPU O GPU 1
¢ ' 4t 3
[O] MPI startupl) GPU pinning on hostl — . RS G

(0] MPI startupl): Rank Pin tile
NUMA node 0 NUMA node 1

[0} MPI startup(): O {0,1,3}

[O] MP] startupl()l: 1 {1}

[0] MPI startunl): 2 (0,2}

!ﬂ] MPIstartupl)}: 3 (2.3)



|

Intel® MPI GPU Buffers Support

N
I P



Explicitly enable Offloading Library

Syntax
| MPI_OFFLOAD=<value>

|

Arguments
0 - Disabled (default value)
1 - Auto, expects that libze loader.so is already loaded

2 - Enabled. Intel MPI loads libze_loader.so

I P



Execution models

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

-

e T ey il Al -
i eV .4t

pgragns omp target data map(to: rank, nom_values

e map(tofrom: values[O:num_values])
i
Epragma omp target parallel for
for (1 = 0; 1 < num_values; i++) {
values[i] = values[i] + rank + 1;
b
}

£ P : = 1 - .
TR R i &) a E b | F gl 2 p = L =T 1 1 MY R
'i [ @ - W f C rh st b L |F L e’ o e T e ud sl

MPI_Senda(values, num_values, MPI_INT, dest_rank, taq, WMPI_COMHA_WORLD);




Execution models

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

-

=pragus omp target data map(to: rank, num_values, values{O:num_values])f use_device_ptr(values)

J9d omp target parallel fo
for {1 = @; 1 < num_values; i++)
values{i] = valves[i] + rank # 1

}

S , .
H e =110 . L] v I 1 - { . ik ' i Dip: (N K

MPI_Send{values, num_values, MPI_INT, dest_rank, tag, MPI_COMM_WORLD);




Execution models

= Build

|

« Clanguage:
S mpiicc -cc=icx -fiopenmp -fopenmp-targets=spir64 test.c -o test
» Fortran language:
S mpiifort -fc=ifx -fiopenmp -fopenmp-targets=spir64 test.fo0 -o test

= Execute
S| _MPI_OFFLOAD=2 mpirun -n 2 ./test

R T



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

Conclusion

= Reference:
https://software.intel.com/content/www/us/en/develop/documentation
/mpi-developer-reference-linux/top/environment-variable-

reference/gpu-support.html

—



|

Demo




Questions?






