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Bl=E: JACOBI ITERATION

(while ( error > tol ) { \ A(i’j+1)

error = 0.0; ®

for (int j = 1; j < N-1; j++) {

for (int i = 1; i < M-1; i++) { N 9- o
Anew[j][i] = (A[3j][i+1l] + A[j][i-1] + A(Gi-1,7)  A(,])  A(i+1,])

A[j-1][i] + A[3j+1][i]) * 0.25;

error = max(error, abs(Anew[]j][i] - A[Jj]1I[i])): "

1) A(i,j-1)

for (int j 1; j < N-1; j++) {
for (int i 1; i < M-1; i++) {
A[jl[1i] = Anew[]][1i];

H}




1]
= 1—RY>F)L: C and Fortran

= Task[1-5]
— Y=RT71) (jacobi.[c|f90]) DNSZILH#
— ZERIC make & run, EITHER - [HEEZ TSR
— BRA(EOT. Y-RAI7( I\ 2ZEE
= MakefileDZFE (FAE (ZEELTEOK)
— make & run. ZERHIOEITHER - FREE LEER

» Task[1-5]-solution
— BEEH



GPU{ERIRRDIEEE T A (1)

= nvprof Z{EFE

$ nvprof ./jacobi
Time (%) Time Calls
44 .56% 2.55738s 1800
44 .43% 2.55007s 1800
7.00% 401.79ms 200
3.17% 181.95ms 200
0.84% 48.214ms 200
Time (%) Time Calls
46.90% 1.95212s 4796
35.09% 1.46060s 1400
10.83% 450.75ms 200
3.69% 153.70ms 1
1.13% 47.151ms 2400
0.74% 30.985ms 4798
0O 56% 23 224ms 1000

Avg
1.4208ms
1.4167ms
2.0090ms
909.74us
241.07us

Avg
407 .03us
1.0433ms
2.2538ms
153.70ms
19.646us
6.4570us
23 223us

Min
2.2400us
799ns
2.0079ms
908.75us
240.31us

Min
1.5120us
1.7290us
2.2430ms
153.70ms
7.5880us
2.4050us
10 041us

Max
1.5996ms
1.5980ms
2.0127ms
910.80us
242 .10us

Max
1.6080ms
1.6331ms
2.4390ms
153.70ms
54.392us
48.221us
35 §504us

Name

[CUDA memcpy DtoH]
[CUDA memcpy HtoD]
jacobi_48_gpu
jacobi_57_gpu
jacobi_48_gpu_red

Name
CUEventSynchronize
cuStreamSynchronize
cuMemcpyDtoHAsyncC
cuCtxCreate
cuMemcpy2DAsync
cuEventRecord
cuMemcbvHtoDASVNC




GPU{ERIRRDIES5E(2)
 IRIEZT2N PGl_ACC_TIME Z{HFE

$ PGI_ACC_TIME=1 ./jacobi

jacobi NVIDIA devicenum=0
time(us): 54,861
44: data region reached 200 times
44: data copyin transfers: 800
device time(us): total=11,278 max=22 min=12 avg=14
55: data copyout transfers: 800
device time(us): total=9,209 max=52 min=4 avg=11
44: compute region reached 200 times
48: kernel Taunched 200 times
grid: [32x4094] block: [128]
device time(us): total=4,672 max=96 min=21 avg=23
elapsed time(us): total=7,728 max=113 min=35 avg=38
48: reduction kernel Taunched 200 times
grid: [1] block: [256]
device time(us): total=1.763 max=1l4 min=6 ava=8




TASK 1

. :55'@ KernelsT1LJ7(J%{#E>T., 5TE%ZGPUICATO—-
~95

= KernelsT (L J71J%2&EFRICHRA
— ERFAnewDEFTI—T
— BCHIADOEI—T




COMPILER MESSAGE

$ make

44,

46,

48,

55,

56,
57,

Generating present_or_copyout(Anew[1:4094][1:4094])

Generating present_or_copyin(A[:]1[:])

Generating Tesla code

Loop 1s parallelizable

Loop 1s parallelizable

Accelerator kernel generated

46, #pragma acc loop gang /* blockIdx.y */

48, #pragma acc loop gang, vector(128) /* blockIdx.x threadIdx.x */
Max reduction generated for error

Generating present_or_copyin(Anew[1:4094][1:4094])

Generating present_or_copyout(A[1:4094][1:4094])

Generating Tesla code

Loop i1s parallelizable

Loop i1s parallelizable

Accelerator kernel generated

56, #pragma acc loop gang /* blockIdx.y */




TASK 2

n SRRl 1)\ A5y —2%Y - 0—- RIRIRT S

= KernelsT 1L J747

— DataZ0—X (pcopy, pcopyin, pcopyout)
= Loopd> ARSI b

— Reduction70—X

— GangZ0—X

— Vector/O0—X

= +a: Gang,VectorJO—XTB R RINIX-H%ZEHT



TASK 2 (NVVP)

NVIDIA Visual Profiler

File View Run Help

C el u._}-l- Ilb - D -’:1} v +1| _\ :\ R |K- .5- IF-

& *New Session &3

9.925 5 9.95 s 9.975 5 1

—| Process "jacobi” (6885) OneICYCle
—| Thread 3240314624
Driver AP EEEEEEEE B BN EEEEEEEEN B EE N
Profiling Overhead
=| [0] Tesla K40c
=| Context 1 (CUDA)
uME'm':pl.i'”:HtDD} -------J L
I MemCpy (DtoH) L A B R
+ Compute

+ Streams

[ Analysis 3

Update Anew[][] Update A[][]



TASK 3

“ R Data T/L T4 %fEDT. PCIT—Y4RiXElE - E%
]
— F—H%GPUICEETSE3

= DataT /L7147
— Data”’0—X (pcopy, create)




File View Run Help

& *New Session i3

=| Process "jacobi" (7258)
=| Thread 3261331200
Driver API
Profiling Overhead
—| [D] Tesla K40c
—| Context 1 (CUDA)
I MemCpy (HtoD)
I MemCpy (DtoH)
+ Compute

+ Streams

[ Analysis &3

TASK 3 (NVVP)

NVIDIA Visual Profiler - 0O x

= | by =Y

0.525 s
One cycle

I e | EI I T T T R T R I
HEEEE R .
T -~

Update Anew[][] Update A[][]



MPIi%Y (HALO EXCHANGE)

A(i,j+1)

A(i,J-1)

= JOVIEl
» 2O (F1T0v738 Y
= IR EF (halo)DF —H3HA




MPI JACOBI ITERATION

(;pragma acc data pcopy(A) create (Anew)
while ( error > tol ) {

pack data at boundary( send buf, A, ... )’

exchange data by MPI( recv_buf, send buf,

unpack data to_halo( A, recv_buf, ... );

#pragma acc kernels pcopy (Anew) pcopyin (A)
calc new A( Anew, A, ... );

#pragma acc kernels pcopy(A) pcopyin (Anew)
update A( A, Anew );




TASK 4

= E2%: MPIT.)— REl@(E9 37— DYULIE (packings
unpacking)ZGPU(CATO—R9 3
(*) ZEHMPIEITIDERZRODT, 170X TIESEE,

= IX{ET—HDpackingdLiB%, GPUICATO—R

= IX{ET —H%PCIE5iX (CPU €< GPU) ... copyout
CBREEEED (ATVIE—)XCPULTELT)

= {57 —H%ZPCIERIX(CPU > GPU) ... copyin

= 25T —FDunpackingLi8%, GPUICATO—R




TASK 4 (NVVP)

NVIDIA Visual Profiler
File View Run Help

= L \_n._.:- Ilb - D --':1} - + _\ tt F .K |5- IF-
% *New Session i3

0.535 s 0.536 5 0.537 s 0.538 s 0.539

=] Process "jacobi” (7394) One CyCle
—| Thread 3692513024

Driver AP mlll cuMemcpyDtoHAsync cuStreamSynch...

Profiling Overhead
=| [0] Tesla K40c
—| Context 1 (CUDA)
F MemCpy (HteD) o |
F MemCpy (DtoH) || | ||
+ Compute

+| Streams

[ Analysis B3



TASK 5DHi(C

= UpdateT (L J5717J
— Host(list) ... listlCHERUIET —A%ZGPUNSRA NCERIX
— Device(list) ... listicFERUIET —A%ZRA MBS GPUICERIX

= Collapse70—X
— Loopd> ARSI NAFFBRENTES., IEEHDIIN—TZ2FLHD




TASK5

" SR GPUN—FIVFEATEPCIT —HERIXZ A — )\ -3y TSE S, Async
J0—AEWaitT1LI7 17 2 {E

= AsyncZ/0—X

— KernelsT (L5714 DataT (L IT4 T AFFBIENTES

— Async(N) ... ID=NOF1—(JAEZIG AT D (EF1—ATEERZETT)
= WaitT 1L J717

— Wait(list) ... list(CiERUEF1—DAIENTE TIBETHFD




TASK 5 (NVVP)

NVIDIA Visual Profiler

File View Run Help
C . ﬂ. lﬂl-l.l Ilb = D -":ﬂ - +| _‘ t L] R |K- ls- IF-
% *New Session i3

D.48 s 0.481 s 0.482 s 0.483 s

+ Process "jacobi” (7565) One CyCle
—| [0] Tesla K40c ’

—| Context 1 (CUDA)
' MemCpy (HtoD)
¥ MemCpy (DtoH)

+ Compute

—=| Streams
Stream 13
Stream 14
Stream 15

T Analysis &3



