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Same program for Master and Worker =i

main

taskid = Master

Send to Worker
(MPI_Send)

Receive from Worker
(MPI_Receive)

—taskid = Master

Receive from Master
(MPI_Receive)

Send to Master
(MPI_send)
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Matrix Multiplication (2-3) OF APPLIED SCIENCES

NCA
NCB
A A B 1
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for (k=0; k<NCB; k++)
for (i=0; i<rows; I++){
- NRA T clflkr=0.0;
for (j=0; j<NCA j++) '
S {10 = clild + afill] * bGIKE:
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Matrix Multiplication (2-3)

S , e
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' | for (k=0: k<NCB: k++)
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- NRA | clij[k] =

for (j=0; j<NCA j++)
c[illk] = cli][k] + alil[] * b[J][k]
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Matrix Multiplication (3-3)
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matrix wa - NCA
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for (k=0; k<NCB; k++)
for (i=0; |<rows I++ )4

- NRA clij[k] =
for (j=0; J<NCA j++)

cli]tk] = c[il[k] + a[i]b] * b[J][k]
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HOW taSkS are aSSignEd tO WOrkerS OF APPLIED SCIENCES

" |deas to Parallel Matrix Multiplication:

® 1 single task: Multiplication of 2 row in matrix A to 1 column in
matrix B

® A xB with A (a xc)and B (c x b) will have in total a*b tasks
® Simple approach:

® Divide tasks based on number of rows in matrix A

® Rows are divided equally to each workers in cluster



Implementation
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How tasks are assigned to Workers

Average amount of rows and extra rows

averow = NRA / numworkers;
extra = NRA % numworkers;

rows = (dest <= extra) ? averow+1 : averow;

Example 1 4
numtasks = 18 2 <=11 4 4 x 11
numworkers = 17

11 4
NRA = 62 12 3
averow = 3 ~
extra = 11 L<=111]...| 3Xx6

17 3 8
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Send and Receive MPI functions S pppLe RSy

For each worker node from master node:

MP|_Send(&offset, 1, MPI_INT, dest, FROM_MASTER, MP|_COMM_WORLD);

MP|_Send(&rows, 1, MPI_INT, dest, FROM_MASTER, MP|_COMM_WORLD);
MP|_Send(&a[offset][0], rows*NCA, MP|_DOUBLE, dest, FROM_MASTER, MPI_COMM_WORLD);
MPI_Send(&b, NCA*NCB, MPI_DOUBLE, dest, FROM_MASTER, MPI_COMM_WORLD);

offset = offset + rows:

MPI_Recv(&offset, 1, MPI_INT, src, FROM_WORKER, MPI_COMM_WORLD, &status);
MPI_Recv(&rows, 1, MPI|_INT, src, FROM_WORKER, MPI_ COMM_WORLD, &status);
MPI1_Recv(&c[offset][0], rows*NCB, MPI_DOUBLE, src, FROM_WORKER, MPI_COMM_WORLD, &status);

For master node from each worker node:

MPI| Recv(&offset, 1, MPI_INT, MASTER, FROM_MASTER, MPI_COMM_WORLD, &status);
MP|_Recv(&rows, 1, MPl_INT, MASTER, FROM_MASTER, MPI_COMM_WORLD, &status);
MPI_Recv(&a, rows*NCA, MPI_DOUBLE, MASTER, FROM_MASTER, MPI_COMM_WORLD, &status);
MPI Recv(&b, NCA*NCB, MPI_DOUBLE, MASTER, FROM_MASTER, MPI_COMM_WORLD, &status);

<Calculation part>
MPI_Send(&offset, 1, MPI_INT, MASTER, FROM_WORKER, MPI_COMM_WORLD);

MPI_Send(&rows, 1, MPI_INT, MASTER, FROM_WORKER, MP|_COMM_WORLD);
MPI_Send(&c, rows*NCB, MP|_DOUBLE, MASTER, FROM_WORKER, MP|_COMM_WORLD);
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Test Case OF APPLIED SCIENCLS

Matrix A x Matrix B
Size matrix A: NRA x 10
Size matrix B: 10 x 10

® Test case varies 3 variables:
® NRA: 10,100,1000,10000,20000,50000,70000,100000
® Number of Nodes: 2,5,7,10,20,30,50,70,100
® MPIVariant: mpich, openmpi

® Execution time and memory consumption of each test case is
captured
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Execution time (log scaled) OF APPLED SCENCES

Execution time of mpich

MRA
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Execution time (log scaled)

Execution time of openmpi

NRA
10
s 100
s 1000
e 10000
s 20000
mmmm 50000
s JOO00
s 100000

100
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Execution time: Small problem size OF APPLED SUIENCE

mpich. 10x10, 10x10 openmpi. 10x10, 10x10

| Nl Time(s) { El Time(s)

=
=

13



mpich. 20000x10, 10x10

B Time(s)

100

Execution time: Medium problem size |
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openmpi. 20000x10, 10x10

B Time(s)
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Time {s)
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005

0.00 -
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Memory consumption

Memory consumption of mpich
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Memory consumption

Memory consumption of openmpi
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Ta keaway OF APPLIED SCIENCES

¥ Same code, different MPI library produces different
result

® OpenMPI is faster than mpich in general

® mpich is unexpectedly slow for nodes range: 5~10

-> Results not useful

® Optimal number of nodes for case 20000 x 10, 10 X 10

-> 20 nodes (OpenMPI)



Thank you for listening !



