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* Parallel Programming
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Uses for Parallel Computing




Flynn's Taxonomy

v

= Single Instruction, Single Data (SISD):
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i Flynn's Taxonomy

= Multiple Instruction, Single Data
(MISD):

prev instruct prev instruct prev instruct
load A(1) load A(1) load A(1)
C(1)=A(1)" C(2)=A(1)*2 C(n}=A(1)"n §'
store C(1) store C(2) store C(n)
next instruct next instruct next instruct Y
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Flynn's Taxonomy

= Single Instruction, Multi
(SIMD):

Cray Y-MP

le Data

prev instruct prev instruct prev instruct
load A(1) load A(2) load A(n)
load B(1) load B(2) load B(n)
C(1)=A(1)"B(1) C(2)=A(2)"B(2) C(n)=A(n)*B(n)|
store C(1) store C(2) store C(n)
next instruct next instruct next instruct
P1 P2 Pn

Thinking Machines CM-2
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i Flynn's Taxonomy

= Multiple Instruction, Mu

(MIMD):

tiple Data

prev instruct prev instruct prev instruct
load A{1) call funcD do 10 i=1,N
load B(1) x=y*z alpha=w**3
C(1)=A(1)*B(1) sum=x*2 zeta=C(i)
store C(1) call sub1(i,j) 10 continue
next instruct next instruct next instruct

o D Opteron




Computer Memory
‘L Architectures

= Shared Memory

100 teraFLOPS supercomputer
Shared-memory multiprocessors
12,000 IBM POWERS5 microprocessors




Computer Memory
‘L Architectures

= Distributed Memory




* Parallel and Distributed Models

= [hreads Model
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‘L Parallel and Distributed Models

= Message Passing Model




* Parallel and Distributed Models

= Data Parallel Model

dn i=26,50
A(i)=B(i)*delta
end do




Designing Parallel and
Distributed Programs

e Factors to Consider:

wvoid main [int arge, char *fargvll] ' unkn. - unEn. -

int myrank, size ::E E ko ]
. S kD J__Eﬂ

MPLinit{ £argc, Eargvk iR -Hnfn.. |

MPI_Comm_rankiMPI_COMM WORLD, £myrank]; R P FToE S =

MPI_Comm_size{ MPIL COMM WORLD, &size); 7t

printf{ "Processor %ad of %d: Hello World!'n®™, myank, size)
MFPI_Finalize{k
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Example of Parallel Communications Overhead
and Complexity: actual callgraph from the simple
parallel "hello word" program shown. Most of the
routines are from communications likraries.




Parallel Examples

Systolic Matrix Multiplication
lHlustrated with two 3x3 matrices
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Parallel Examples

Systolic Matrix Multiplication
lHlustrated with two 3x3 matrices

alignments in time
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‘L Parallel Examples

Systolic Matrix Multiplication
lllustrated with two 3x3 matrices

b
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‘L Parallel Examples

Systolic Matrix Multiplication
lllustrated with two 3x3 matrices
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‘L Parallel Examples

Systolic Matrix Multiplication
lHlustrated with two 3x3 matrices

bE,E
-+ *b2.1 l b, =
By Bon B o | 8y:"bg, & A0 Doz
e Sl i = PR E——— T - T [t L
+'a'C-.E‘b‘2|3l +a|:| ?‘b‘.'.! 1
rbE.D 'b' . r b'l_[."
42| ™e"boae 8y 4| agtbg, By g a,0"by
— A, Lty | aay B,
+ay 2 by
. Do
lb o) v O v

= -
2.1 axp"bs &
| @by g b E'I;‘"




‘L Parallel Examples

Systolic Matrix Multiplication
IHHlustrated with two 3x3 matrices




Parallel Examples

Systolic Matrix Multiplication
IHHlustrated with two 3x3 matrices
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