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1. Divide-and-Conquer(P)

2. if |P|<n0

3 then return(ADHOC(P))
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. for i1 to k //Parallelism Point
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. return(T)
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mpl = myid+1 mod p, mm1 = myid—1 mod p
fort =0top—1do
[ = s+myid mod p
tr 1 B
if i £ p — 1, send(B, mm1), recv(B, mpl)
end{ for}
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MPI (Message Passing Interface)
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. MPI¥IGEAL: EIEMPI IniteREEE AMPIIAEE I 58 sIT A BRI TAE .

v int MPI_Init( int *argc, char * * * argv )

. MPIZ5ER: JBiEMPI_Finalize R B M MPIFREE IR H

v int MPI_Finalize(void)

C RBGEREMISR S HAMPI_Comm_rank R B3R5 Y AT AR AR 18 il S T (1
Gis (0-n-1), HHES5HMERFEXS.

v int MPI_Comm_rank(MPI_Comm comm, int *rank)

KRB il AE AR A FIMPI_Comm_size R B3R BN A5 w2 il 5 5k 1 3R A

N RS B B e TS5 E il

v int MPI_Comm_size(MP1_Comm comm, int *size)

C BEE E T e E S 1 HAMPL_Comm_dup ek BekTE e il s k4T 2 i,
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v int MPI_Comm_dup (MPI_Comm comm, MPI_Comm *newcomm)

EfEE RS E]: EAIMPIL_Comm_splitef Bk 1R e il (S kAT 40 ), S

BB & HIEAE

v int MPI_Comm_split (MPI_Comm comm, int color, int key, MPI_Comm
*newcomm)
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v int MP1_Send(void *buf, int count, MPI_Datatype dataytpe, int dest, int tag,

MPI1_Comm comm)

8. VH B 32 :MPI_RecveR B T M A e AR —MH B

v int MP1_Recv(void *buf, int count, MPI_Datatype datatyepe,int source, int tag,

MPI1_Comm comm, MPI_Status *status)
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OpenMP (Open Multi-Processing)
OpenMPIfATEE: SCHFEs-F 6L ZENAF T N 2 LR IFATE
FATHELE: B&mnImtt. sy @i, HATREERPEYC. C++. FortranFsih
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#pragma omp parallel

Y VY

#pragma omp for

I PR SRR
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L |
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Implicit barrier

:

OpenMP H-4THELE

OpenMP 4H.%;
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#include <stdio.h>

. @’“4/\2 Dé:}: :
#include “omp.h” /lopenMP=k {4 frafnimsk

_ o Hello World! Thread 0 of 4

Int main(int argc,char *argv[] ){ 1 Hello World! Thread 2 of 4
int nthreads, tid; _ Hello World! Thread 3 of 4
omp_set_num_threads(4);4% & 317 X M 24 H Hello World! Thread 1 of 4
#pragma omp parallel  //9wiF4s S ER), QI —DNIHFATIX

{
1521 FHA7 X 3k P B ) 2% > >
IR B AT DX IR i ) 2R SR BT A }
nthreads = omp_get_num_threads( ),

I3 3 AT 2R bR RS
tid = omp_get _thread num();
printf (“Hello World! Thread %d of %d”, tid, nthreads);

}

return O;

}
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= Compute
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=) Streams
Stream 1

@ Analysis i Details &3 B Console W Settings

Name

VecThen(int*, int*, int*, int)
Vec50(int*, int*, int*, int)
Veclof32(int*, int*, int*, int)
Veclof32x(il
Vec32of32(int*, int*, int*, int)
VecEmpty()

*, int*, int)

VecThen(int*
Vec50(int*, int*
Veclof32(int*, int*, int*, int)

Veclof32x(int*, int*, int*, int)

*, int*, int)

M:SNO

Start Time
89.682 ms

91.208 ms
91.975 ms
92.742 ms
100.461 ms

101.228 ms

101.233 ms
102.757 ms

{ 103.522 ms

104.287 ms

Duration  Grid Size
1.522 ms‘ 1,11]
764.707ps|  [1,11]
764547 psi  [1,11]
7M7ms|  [111]
764706 ps|  [11,1]
1.921 ps (21,1]
152ms| [211]
762.979 ps [2,1,1]

762914ps|  [211]]

mms| (211

. VecThen(... Vec50(int*, in... VecTof32(int*."

Block Size Regs DRAM Write Throughput DRAM Read Throughput

[111]
11
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111
11
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[1,1,1]
L1
11
[1,1,1]

CEESS

= O || Properties il Detail Graphs & =g

VecTof32(int*.

16

30

41.05 MB/s
40.91 MB/s
40.91 MB/s
40.5 MB/s
40.91 MB/s
0B/s

81 MB/s
81.24 MB/s
81.16 MB/s
43.76 MB/s

.[Max 95.261 ms

7 Avg: 7.048 ms

17.85MS, pyin: 1.76 s
Duration

Max: 28.07 GB/s
17.52 GB/s

Avg: 4.66 GB/s

Min: 0 B/s
DRAM Write Throughput

Max: 155.49 MB/s
[Avg 8.75MB/s
8.31 MB/s==Min: 0 B/s
DRAM Read Throughput
M %
gos{ Max: 100
Avg: 35.8%
Min: 0%
% Global Memorv Store Ffficiency

LAY
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4.05K8Js 12.5%
4087KBJs 12.5%
08ss 0%

08/s 125%|

08/s 125%
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08B/s 12.5%

TAU: ParaProf: 3D Visualizer: /Users/georgercarrjr/work/noaa gsd/zeus/Tau/work/tau-run-tau-cp-mg-C-0008-1-723304.ppk
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€ Triangle Mesh
() Bar Plot

(U Scatter Plot

Height Metric
Exclusive - , PAPI_FP_O... | =
Color Metric
Exclusive PAPI_FP_O
<none>
Function
=) =T
o
Thread
=) <
Height value
Color value
[ Scales Plot Axes >
height: 0 | 0.519
counts
color: 0 | 0.519
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85.2 2 8 1554786 .TAU application => main i
85.2 2 8 1554786 main color: 0 0519
84.1 2 0 1535462 .TAU application => main => MPI_Init () counts
84.1 2 0
6.5 6 6
6.4 6 0 e — d,
0.9 2 0 TAU: ParaProf Manager
0.9 2 0 | @ Applications TrialField Value W
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0.0 2 0 v [ Default App bR 0
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N e @ GET TIME_OF DAY cp Genuinelntel
= /home/Raghu.Reddy/ps..
$Time Inclusive #Call #subrs Inclusive Name W PARLP.OFS 12288 KB
total msec usec/call @ PAPLTOT_CYC «./../bin/mg.C.8
@ PAPI_TLB_DM /home/Raghu.Reddy/ps...
iEE 8 ST s @ PAPI_TOT_CYC / PAPLFP_OPS 0
1EES 3;: L5 lgizfg: “TAL:application ;  PAPLTOT _CYC / PAPLFP_OPS paspct Facetlbrole
5.2 1 54786 .TAU ap main Ho! i
g2 e B oL ors pvior o
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e cube 4.1.5: scorep_bt-mz_B_4p4x4_trace_with_filter/trace.cubex

| Absolute

% | |Absolute

| |Absolute

‘ Metric tree

B [ 0.00 Time (sec)
=+ E 234.69 Execution
1.04 MPI
20.82 OMP
(1 0.00 Overhead
3.90 Idle threads
— [ 2.93e6 Visits (occ )

F

B calltree Flat view

=+ [ 0.01 MAIN__

B+ [ 0.00 mpi_setup_
— ] 0.00 MPI_Bcast
B+ [ 0.00 env_setup_
— [ 0.00 zone_setup_
B+ [ 0.00 map_zones_
— [ 0.00 zone_starts_

L)

‘ System tree .] Bo

B [ - generic cluster
B []-en1338
B [ - MPI Rank 0
15.32 Thread 0
15.09 Thread 1
11.96 Thread 2
15.16 Thread 3

B+ [ 8 Synchronizations (occ) — [l 0.00 set_constants_ 1 [1-cn1339
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