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Omni XcalableMP
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Data Distibution Using Template X=r==MP

= Template
= virtual array representing data(index) space
= array distribution, work-sharing must be done using template

Example)

0 100
#Hpragma xmp nodes p(4) declare node set
#pragma xmp template t(0.:99) declare template

0 100
#Hpragma xmp distribute t(BLOCK) on p distribute template
#pragma align array[i] with t(i) distribute array : owner of t(i) has afi]

0

25 50 75 100
et p(1) PN
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| z=o-MP
Data Synchronization of Array(shadow) X

= Shadow Region
= INn XMP, memory access is always local
= duplicated overlapped data distributed onto other nodes
= data synchronization: reflect directive

o 1 2 3 4 5 6 7 8
2 |

#pragma xmp shadow afl:1] declare shadow

NODE3 N

NODE4

9 10 11 12 13 14 15

#pragma xmp reflect a synchronize shadow
Z 7[6]XcalableMP 7 —2<32
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Data Synchronization of Array(gather)

gather array data (collect entire elements)

#pragma xmp gather(var=list)

#pragma xmp gather(var=array)

o 1 2 3 4 5 6 7
array(] |

process3 w |

8 9 10 11 12 13 14 15

& 7[alXcalableMP 7 —2 <3

all elements of the array get correct data
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Put operation in tasklet

o put_ready clause: indicates that the specified data may be written by the
associated PUT operation

e This clause has the dependence-type out for the specified data on a node since its values are
overwritten by the remote node.

o put clause: indicates that the PUT operation may be performed in the
associated structured block.

o At the beginning of the block, the task waits to receive the post notification with the tag by the
put_ready clause to indicates that the data is exposed in the target node for the PUT operations.

Node 1 Node 2
#pragma xmp nodes P(2)
*  When output dependencies for the data are satisf int A:[*],B,C, D, tag;
ied before executing the block, the clause expose
s the data for the PUT operation from the specifie
d set of nodes by sending the post notifications to
these nodes, starting the PUT operations eventua
lly in remote nodes. Then, it waits until remote op
erations are done. When the task receives the co #pragma xmp tasklet in(A) out(C) on P(1)
mpletion notification of the PUT operation, the bl C=A: /% task B */
ock is immediately scheduled. ’
*  When the post notification is received, the task is
scheduled to execute the calculation and PUT ope ~ #pragma xmp tasklet out(A) put(tag) on P(2)
ration in the block. When the execution of the blo A:[1]=1; /* taskC */
ckis finished, the data written by the PUT operati
on is flushed and the completion notification is se
nt to the node matched by the tag.

#pragma xmp tasklet in(A) out(B) on P(1)

B=A; /* taskA */ A start

complete

\
put

10

#pragma xmp tasklet in(A) out(D) ¥
put_ready(A, P(1), tag) on P(1)
D=A; /* taskD */




Block-Cholesky Benchmark: Results on OFP

o Comparison with “Parallel Loop” (PL) and Task-based
o “Put” and “Send/Recv”
o (OMPSS)

m MPI+OMP, PL, Send/Recv
7000 — mMPI+OMP, PL, Put
6000 m MPI1+OMP, Task, Send/Recv

m MPI+OMP, Task, Put
5000
B MPI+OMPSS, Task, Send/Recv
3000
2000
1000 II
.
1 2 4 8 16 32

# of nodes

Performance [GFLOPS]
D
o
o
o
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XcalableACC (XACC)DERNIBZZEZH
XcalableACC = XcalableMP + OpenACC
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Processing model of XACC

Array/Work

Distribution among nodes

between CPUs

—

Direct Comm.
between ACCs

# 7[aXcalableMP 7—2> 3w~
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R Comm.

#pragma acc device d = nvidia(9:3)
#pragma xmp reflect init (a) device

#pragma xmp Loop (1) on t(i)
for (int i = 9; 1 < 100; i++){
#pragma acc kernels Loop on device(d)
for (int j = 0, j < 100; j++){
aft][j] = ...
}
}

#pragma xmp reflect do (a)




Example of XcalableACC program

double u[XSIZE][YSIZE], uu[XSIZE][YSIZE]; 2-D [aplace Eq.

{
for(k=0; R<MAX_ITER; R++){

for(x=1; X<XSIZE-1; x++)
for(y=1; y<YSIZE-1; y++)
uulx]J[y] = ulx][y];

for(x=1; X<XSIZE-1; x++)
for(y=1; y<YSIZE-1; y++)
ulx][y] = (uu[x-1][y]+uu[x+1][y ]+
uu[x][y-1]+uul[x][y+1])/4.0;
} // end R




Example of XcalableACC program

double u[XSIZE][YSIZE], uu[XSIZE][YSIZE]; 2-D [aplace Eq.
#pragma xmp nodes p(x, y)

#pragma xmp template t(0:YSIZE-1, ©:XSIZE-1)
#pragma xmp distribute t(block, block) onto p _| _ SR r “ »
#pragma xmp align [F][1] with t(i,3) :: u, uu arraydls?trzbutzon and “sleeve
#pragma xmp shadow uu[1:1][1:1] declaration

for(k=0; R<MAX_ITER; R++){
#pragma xmp Loop (y,x) on t(y,x)

for(x=1; X<XSIZE-1; x++)
for(y=1; y<YSIZE-1; y++)
uulx]J[y] = ulx][y];

#pragma xmp reflect (uu) exchange sleeves on array “uu’

)

#pragma xmp Loop (y,x) on t(y,x)

for(x=1; X<XSIZE-1; x++)
for(y=1; y<YSIZE-1; y++)
ulx][y] = (uu[x-1][y]J+uu[x+1][y ]+
uu[x][y-1]+uul[x][y+1])/4.0;
} // end R




Example of XcalableACC program

double u[XSIZE][YSIZE], uu[XSIZE][YSIZE]; 2-D [aplace Eq.
#pragma xmp nodes p(x, y)

#pragma xmp template t(0:YSIZE-1, ©:XSIZE-1)
#pragma xmp distribute t(block, block) onto p _| _ SR r “ »
#pragma xmp align [F][1] with t(i,3) :: u, uu arraydls?trzbutzon and “sleeve
#pragma xmp shadow uu[1:1][1:1] declaration

#pragma acc data copy(u) copyin(uu) copy partial (distributed) array to
device memory

for(kR=0; k<MAX_ITER; k++){
#pragma xmp Loop (y,x) on t(y,x)
#pragma acc parallel Lloop collapse(2) ™———__| distributed array by XMP is

forJ(c);%;/_)1<<X;£\Z/§}éz__)l(++))/ ++) 7 processed according to OpenACC
=0 J

uulx][y] = ulx][y]; / directive

#pragma xmp reflect (uu) acc / exchange sleeves on array “uu”

#pragma xmp Loop (y,x) on t(y,x)
#pragma acc parallel Loop collapse(2)
for(x=1; X<XSIZE-1; x++)
for(y=1; y<YSIZE-1; y++)
ulx][y] = (uu[x-1][y]+uu[x+1][y ]+
uu[x][y-1]+uu[x][y+1])/4.0;
} // end R

} // end data

“acc” clause indicates to target
the array on device memory




Example of XcalableACC program

double u[XSIZE][YSIZE], uu[XSIZE][YSIZE]; 2-D Lap/a(;e EC].
#pragma acc data copy(u) copyin(uu) copy partial (distributed) array to
{ device memory

for(k=0; R<MAX_ITER; R++){

#pragma acc parallel Loop coLLapse(Z)\ distributed array by XMP is

=1; X<XSIZE-1; .
forj(cgr (J)/=)1(‘ y<YS IZ)E-TI(T-F_))/ ++) processed according to OpenACC
J J

uulx][y] = ulx][y]; directive

#pragma acc parallel Loop collapse(2)
for(x=1; Xx<XSIZE-1; x++)
for(y=1; y<YSIZE-1; y++)
ulx][y] = (uu[x-1][y]J+uu[x+1][y ]+
uu[x][y-1]+uul[x][y+1])/4.0;
} // end R

} // end data
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XACC on FPGA

FPGA for HPC tAEAEHEIELDDH B

FPGAIZBIEKEE TGPUE SR > THFLOPSBEYZA MBS B (E 730
= GPUEFPGAZ@RZENICEZDDTIE?
= AiS (Accelerator in Swtich): FPGA%Z accelerator &
interconnection @A ICES
= FPGAD BENFHEICK D GPU memory®DMAE / — REHBRIEEX T
ZITDCETIERDAELDELA TV

= ORNL (by J. Vetter‘s group) COpenACCH 5 0OpenCL for
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Omni-OpenACCODILER (5

= Omni-OpenACC: XcalableACCE3%

= multi-device support DTz & DFiEse

“#pragma accomn ondevice(...)"

= Device option: V100, Stratix10, ...

= PGl OpenACC compiler for GPU
= ORNL’s OpenARC research compiler for FPGA (under collaboration with

ORNL)
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Multi-device OpenACC compilation

openacc.c
int main() {

YL VLNV NP VNI N N 7 )

YL VLNV NP TN N N 7 )

YL VLNV NP TN N N 7 )

YL VLNV NP NTNT N N7 7 )

YL VLNV NP VNI N N 7 )

()

OpenACC

gpu

.C
—

—_
=k

—

————/

OpenACC translator to split
each part for GPU and FPGA
(based on Omni OpenACC
compiler for XcalableACC)
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PGI Compiler

f objects ‘

OpenCL
host code

fbga
.cpp fpga.o
OpenARC  g++

o

(pgctt-c N
V]

> | gpu.o

GPU
executable

pgct+
E> a.out

OpenCL
kernel

Intel OpenCL SDK for FPGA

aoc -¢
fpga.c $
/ \

fbga
.doco

aoc

fbga
.docx

FPGA
module




MM & MV on GPU and SpMV on FPGA

#pragma acc data copyin(VAL[0:VAL_SIZE], COL_IND[O0:VAL_SIZE],
ROW _PTR[O:N+1], B[O:N], N, K, VAL_SIZE) copyout(X_result[0:N])

#pragma acc data copyout(c[:N*N]) copyin(a[:N*N], b[:N*N])
#pragma acc kernels

{ #pragma acc parallel num_gangs(1) num_workers(1) vector_length(1) {
#pragma acc loop gang(N/32) vector(32) independent ~ /LG E
for (1= 0; 7 < N; ++f) #pragma acc loop
{ for(inti = 0y i < K; ++i){

#pragma acc loop gang(N/32) vector(32) independent

temp_pap = 0.0f;
for(Gj=0,j<N; ++j) p-pap

intj=0,1=ROW_PTR localf0];

f float sum = 0.0; #pragma acc loop reduction(+.:temp_pap, temp_sum)
#pragma acc loop reduction(+:sum) for(int m = 0, m < VAL_SIZE-ROW_PTR_local[0]; ++m){
for (k = 0; k < N; ++k) temp_sum += p[COL_IND_localll]] * VAL_localll];
sum +=afi *N + k] * bfk * N + jj; s

c/i *N + j] = sum;

if(l == ROW_PTR_locallj + 1]) {

MM on GPU ylil = temp_sum;

temp_pap += p[j] * temp_sum,

I}

temp_sum = 0.0f
++j;
!/ = ROW_PTR localfj]; } }

SpMV on FPGA

Making matrix by MM on GPU, MV on GPU then transferred to FPGA for SoMV on FPGA
(Sp matrix data is kept on FPGA, only vector is transferred)

(by R. Tsunashima, U. Tsukuba)
#7[EXcalableMP 7 —2 232
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CUDA/OpenCL vs Multi-Device OpenACC

16000
14000 wGPU 12000
(2000 WFPGA 10000 g2 host CUDA
) lgggg ﬁ 8000 host OpenCL
: ¥ w kernel GPU
6000 6000 m % u kernel FPGA
4000 others
2000 4000
0 5,502 5,830
CUDA+OpenCL  OpenACC 2000
0
CUDA+OpenCL OpenACC
Execution time #chars in code

(by R. Tsunashima, U. Tsukuba)

Omni-OpenACC NDFPGA XTI #8AAAZ 1T, XcalableACC/Z /&
= FPGA BT E15/CFPGA L D 1> 24— K I & B FI/H
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Cygnus — multi-hybrid accelerated N
supercomputer at U. Tsukuba

# 7/[aXcalableMP 7—2< 3>
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Single node configuration (Albireo)

« Each node is equipped with
both IB EDR and FPGA-
direct network

« Some nodes are equipped
with both FPGAs and GPUSs,

and other nodes are with
GPUs only

# 7[aXcalableMP 7—2> 3w~
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SINGLE Network switch Network switch
NODE (100Gbps x2) (100Gbps x2)
(with FPGA)

PCle network (switch)

Inter-FPGA
direct network
(100Gbps x4)

PCle network (switch)

Inter-FPGA
direct network
(100Gbps x4)




Two types of interconnection network A3

Inter-FPGA direct network InfiniBand HDR100/200 network for parallel processing
(only for Albireo nodes) communication and shared file system access from all nodes

IB HDR100/200 Network (100Gbps x4/node)

FPGA FPGA FPGA
comp.
g, node
PN 71 W s FPGA
| J \ J
Y . Y s nier- orus neiwor,
I I I Deneb nodes Albireo nodes Inter-FPGA t twork
64 of FPGAs on Albireo nodes For all computation nodes (Albireo and Deneb) are
(2 FPGAS/node) are connected by full-bisection Fat Tree network with 4
connected by 8x8 2D torus channels of InfiniBand HDR100 (combined to HDR200
network without switch switch) for parallel processing communication such as
MPI and also used to access to Lustre shared file
system.

# 7[aXcalableMP 7—2> 3>
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