Dense Matrix
Multiplication

Made by A-PDF PPT2PDF "



COCC Phillip Colella’s "Seven dwarfs”

The Supsroompating Peopls

HPE: MPT-IT and Assichiments

High-end simulation in the physical sciences = 7 numerical
methods:

- Structured Grids (including adaptive block structured)

- Unstructured Grids

- Spectral Methods

- Dense Linear Algebra

- Sparse Linear Algebra

- Particle Methods + A dwarf is a pattern of
- Monte Carlo computation and communication

« Dwarfs are targets from
algorithmic, software, and
architecture standpoints

T - mt=f- = T -tetific Computing”, Phillip Colella, 2004 and Dave Patterzon,
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COCC Dense linear algebra

The Supsroompating Peopls

HPE: MPT-IT and Assichiments

* Arises in some of the largest computations
‘It achieves high machine efficiency
* There are important subcategories
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@ ca Naive Matrix Multiply

The Supsroompating Peopls

HPE: MPT-IT and Assichiments

+ Implements C =C+ A™B
for i=1ton
for j=1ton
fork =1ton
CGi.3) = €Gi.j) + AGLk) ™ Bk.§)

- Algorithm has 2*n® = O(n®) Flop complexity

CAig) C(i,j) AllL:)
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+
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COCC Naive Matrix Multiply on RS/6000

The Supsroompating Peopls

HPE: MPT-IT and Assichiments
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O(N) performance would have constant cycles/flop
Performance looks like O{MN*")
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uniprocessors—A Case Study in Matri= sultiplication,
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@ ca Blocked (Tiled) Matrix Multiply

The Supsroompating Peopls

HPE: MPT-IT and Assichiments

Consider A B.C 1o be N x N matrices of b x b sub-blocks
where b=n/N is called the bleck size

fori=1+% N
for j =1t N
{read block (i j)}
fork = 1 ¢ N
{read blocks A(i k) and Bk j)}
Clijg) = €lig) + Al k) ™ B(k,j) {do a matrix multiply on blocks)}
{write block C{i_j)}

L) L) AlLK]
O 0 -
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Made byr A_F)DF PPszDF hudy inMatrix Maltiplication, Katherine Yelick 5



@ ca Basic Linear Algebra Subroutines

The Supsroompating Peopls

HPE: MPT-IT and Assichiments

Optimized implementations by Industry and Vendors
History
- BLAS1 (1970s):
+ Vector operations: dot product, saxpy (y=c"x+y), etc
- BLAS2 (mid 1980s)

+ Matrix-vector operations: matrix vector multiply, etc
+ Somewhat faster than BLAS1

- BLAS3 (late 1980s)

+ Matrix-matrix operations: matrix matrix multiply, etc
+ BLASS is potentially much faster than BLASZ

+ Good algorithms used BLAS3 when possible (LAPACK)
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CIOCC  BLAS speeds on an IBM RS56000/590

Thi Supsroompiting Pecpls

HPE: MPT-IT and Assichiments

Feak speed = 200 Mflops

RE2: Leval 1, 2 and 3 ELAS
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Order of veamaramatices

BELAS 3 (n-by-n matrixz matrixz multiply) vs
BLAS 2 (n-by-n matrix vector multiply) ve
BLAS | (saxpy of nvectors)
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@ e - Search Over Block Sizes

The Supsroompating Peopls

HPE: MPT-IT and Assichiments

+ Performance models are useful for high level algorithms
- Helps in developing a blocked algorithm

- Models have not proven very useful for block size
selection

+ too complicated to be useful
— See work by Sid Chatterjee for detailed model
+ too simple to be accurate
— Multiple multidimensional arrays, virtual memory, etc.
Some systems use search

- Atlas - being incorporated into Matlab
- BeBOP - http://www.cs. berkeley. edu/~richie/bebop
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@ ca Strassen's Matrix Multiply

The Supsroompating Peopls

HPE: MPT-IT and Assichiments

* Traditional algorithm (with or without tiling) has O{n®) flops

+ Strassen algorithm has asymptotically lower flops: OfnZ 1)
- Current world's record is Ofn®*™) (Coppersmith & Winograd)

* For 2x2 matrix multiply, it takes 8 multiplies, 7 adds
- 5Strassen does it with 7 multiplies and 18 adds

Let # o mll ml2 | = all al k11 bl
mel me a2l a22)|_ b2l b22

Let pl = (al2 - 022) = (b21 + b22) p5 = all * (B2 - b22)
pZ = (all + a22) = (b1l + b22) pt = 022 * (b21 - b}
p3 = (all - a21) * (b1l + b12) p7 = (a2l + a22) * bil

pd = (all + al2)* b2e
Then mll =pl +p2 - pd + p&
ml2 = pd+ ph& Extends to nxn by dividedconquer
mzl = pa+ pf
m2e =pe-p3 +ph-p?
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COCC Parallel matrix multiplication

The Supsroompating Peopls

HPE: MPT-IT and Assichiments

The master process is the controller process that

- Distributes Matrix A (row-wise) to each worker process

- Communicates complete Matrix B to each worker process
* Each worker multiplies assigned rows with matrix B

Master process collects resultant Matrix € from each worker
process

on all processes

B Lo el o Bl oty TIRNIRNIR IR ' . Zy
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Matri= A Matrix B Matrix C

Note: Mot an efficient algorithml
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COCC Example program 9: Defining variables

The Supsroompating Peopls

HPE: MPT-IT and Assichiments

#define HRA 50 /* Rows in Matrix & */
#define HCA 40 /* Columns in Matrix A */f
#define HCB 30 /* Colunms in Matrix B *f
#include "mpi.h"

#include <stdio.h-

int main{int argc, char **argv)

{
int numtasks,tasgskid; /* Ho.of tasks and task identifiexr *f
int source,dest f* Task id of message source and destination*f
doubhle a[HRA] [HCA] ,h[HCA] [HCB] ,c[HRA] [HCB];: /* Matrix A, B, ¢ */
int rows,arerow,extra,offset ,numworkers,i,j . k,xc; /* Miscellaneous */
MPI Status status;

rc = MPI Init(&argc , &argr) ;

rc|= MPI Comm size (MPI COMM WORLD ,&numtasks) ;

rc|= MPI Comm rank (MPT COMM WORLD  &taskid) ;

if {rc = 0)printf("\nExrroxr initializing MPI or Task IDYn") ;
else printf("\nTask ID Fd\n", taskid):

numvorkers = numtasks-1;
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COCC Master process

The Supsroompating Peopls

HPE: MPT-IT and Assichiments

if(taskid == 0)
{
printf ("Humber of worker tasks = %d\n" ,numworkers) ;
for (i=0; i<HBRA: i++) f* Generate data for Matrix R & B *f
for (j=0; J<HCA; jJj++)al[illjl= i+j;
for (i=0; i<HCA; i++)
for (j=0; J<HCB; Jj++)b[i]l[j]l= i*j;

averow = HRA/mummworkers

extra = HRATmumworkers ;

offset = 0;

for (dest=1; dest<=numworkers; dest++)

{
rows = (dest <= extra) ? averow+l : averow;
printf{*ynSending %d rows to task %d\n" ,rows,dest):;
MPI Sendi{&offset, 1., MPI INT, dest ,1 MPI COMM WORLD) ;
MPI Send(&rows, i (7 MPI INT, dest ,1 MPI COMM WORLD) ;
MPI Send({&al[offset] [0] ,xows*HCA MPI DOUBLE,dest ,1 MPI COMM WORLD) ;
MPI Sendi(&h, HCA*HCB, MPI DOUBLE,dest ,1 ,MPI COMM WORLD) ;
offset = offset + rows:

}
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COCC Master process (conti.)

The Supsroompating Peopls

HPE: MPT-IT and Assichiments

for (i=1: i<=numworkers: i++) f* Wait for results from workers */

{
source = 1i;
MPI Recyr(&offset,l MPI IHT,source,2 MPI COMM WORLD,&status);
MPI Recvr(&rows, 1,MPI IHT,source,2 MPI COMM WORLD,&status);
MPI Recvy(&cl[offset] [0] ,xows*HCEB MPI DOUBLE,source,2,
MPI COMM WORLD, &status):

printf{"Here is the result matrixn"); /* Print Results */
for (i=0; i<HBRA; i++)

i
printf{"yn"}) ;
for (j=0; J<HCB; j++)
print£{"%6.2f *, c[il[J]):
}
printf ("\n");

14
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COCC Worker process

The Supsroompating Peopls

HPE: MPT-IT and Assichiments

if (taskid > D) f* Worker Tasks *f

{
MPI Recr(&offset 1, MPI INHT, 0,1 MPI COMM WORLD, &status) ;
MPI Recr{&rows, 1, MPI INT, 0,1 MPI COMM WORLD, &status) ;
MPI Recvika, rows*NCA ,MFI DOUELE, 0,1 MPI COMM WORLD, &status) ;
MPI Recv (&b, HCA*NCB, MPI DOUBLE, 0,1 ,MPI COMM WORLD,&status) ;

for (k=0; k<HCB; k++)
for (i=0; i<rows: i++)

{
c[il[k] = 0.0;
for (j=0; j<HCA; j++)
c[i][k] = c[il[k] + alil[3j]1 * b[j1[k]:
}
MPI Send{&offset, 1, MPI_IHNT, 0, 2, MPI_COMM WORLD) ;
MPI Send{&rows, 1 MPI_IHT, 0, 2, MPI_COMM WORLD) ;
MPI Send{&c, rows*HCB, MPI DOUBLE, 0, 2, MPI COMM WORLD) ;

MPI Finalize();
} /* End main *f
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