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Introduction

•
Previous parts covered

−
processors

−
m

em
ory

−
I/O

•
N

ow

−
advanced topics

−
use of parallelism

 to increase speed

−
parallel hardw

are, taxonom
y,lim

itations etc.

•
Parallel and pipelined architectures

−
tw

o fundam
ental techniques or basis of increasing speed
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C
haracterizations of P

arallelism

•
Parallel and non-parallel are the extrem

es

•
T

he grey
region in-betw

een describes am
ount and type of

parallelism

−
m

icroscopic vs m
acroscopic

−
sym

m
etric vs. asym

m
etric

−
fine grain vs coarse-grain

−
explicit vs. im

plicit
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M
icroscopic V

s M
acroscopic

•
M

icroscopic

−
parallelism

 in a com
puter rem

ains hidden inside
subcom

ponents

−
parallel hardw

are w
ithin specific com

ponent

•
M

acroscopic

−
parallelism

 is a basic prem
ise around w

hich the system
 is

designed
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E
xam

ples

•
M

icroscopic

−
A

L
U

, registers, physical m
em

ory,parallel bus
architecture.

•
M

acroscopic

−
use parallelism

 across m
ultiple large-scale com

ponents of
a

com
puter system

s, m
ultiple identical processors,

m
ultiple dissim

ilar processors
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Sym
m

etric V
s. A

sym
m

etric

•
Sym

m
etric

−
replication of identical elem

ents

−
e.g. dual processors

•
A

sym
m

etric

−
m

ultiple elem
ents that function at the sam

e tim
e but differ

from
 each other

−
PC

w
ith graphics coprocessor and m

ath coprocessor
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F
ine G

rain V
s C

oarse-grain

•
Fine G

rain

−
parallelism

 at the levelof
individual instructions or

individual data elem
ents

−
e.g. graphics processor that uses 16 hardw

are units to
update 16 bytes of an im

age at the sam
e tim

e

•
C

oarse-grain

−
parallelism

 on the levelof
program

s or large blocks of
data

−
e.g. dual processor,using a processor each to print and
com

pose an em
ail sim

ultaneously
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E
xplicit V

s. Im
plicit

•
Im

plicit

−
hardw

are handles parallelism
 autom

atically w
ithout

requiring a program
m

er to initiate or control parallel
execution

•
E

xplicit

−
program

m
er m

ust control each parallel unit

C
S250 -- Part V

10
D

r.R
ajesh Subram

anyan, 2005



P
arallel A

rchitectures

•
Parallel architectures: parallelism

 of the central features
around w

hich the entire system
 is designed

•
Flynn’s

classification

N
am

e 
M

ean
in

g
S

IS
D

 
S

in
g

le
In

stru
ctio

n
 S

in
g

le D
ata stream

S
IM

D
 

S
in

g
le

In
stru

ctio
n

 M
u

ltip
le D

ata stream
s

M
IM

D
 

M
u

ltip
le

In
stru

ctio
n

s M
u

ltip
le D

ata stream
s

Term
inology used to characterize com

puters according to the
am

ount and type of parallelism
.

N
ote, hybrids that span

m
ultiple types also exist.
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SISD

•
Single Instruction Single D

ata stream

•
A

lso called sequential or uniprocessor architecture

•
Follow

s V
on N

eum
ann’s

architecture

•
D

oes not support m
acroscopic parallelism

, can use
parallelism

 internally
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SIM
D

•
Single Instruction stream

s M
ultiple D

ata stream
s

•
E

ach instruction specifies a single operation applied to m
any

data item
s sim

ultaneously

•
V

ector,array processors

for i from
 1 to N

 {

V
[i]

←
V

[i]
×

Q
;

}

A
lgorithm

 for vector norm
alization in a sequential com

puter.

•
Sam

e in a SIM
D

 com
puter

V
<

-
V

X
Q

•
G

raphic processors
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M
IM

D

•
M

ultiple Instruction stream
s M

ultiple D
ata stream

s

•
E

ach processor perform
s independent com

putations at the
sam

e tim
e

•
E

xam
ple of M

IM
D

−
sym

m
etric m

ultiprocessors (SM
P)

−
asym

m
etric m

ultiprocessors (A
M

P)

−
m

ath graphics coprocessors

−
I/O

 processors

−
C

D
C

 peripheral processors
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Sym
m

etric M
ultiprocessors

M
ain

M
em

o
r y

(vario
u

s
m

o
d

u
les)

D
evices

P
1P
i

P
2

P
i+1

P
N

P
i+2

Sym
m

etric m
ultiprocessor w

ith N
 identical processors. E

ach
processor has access to m

em
ory I/O

 devices.
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P
erform

ance of M
ultiprocessors

•
Speedup =

 execution tim
e on a single processor/execution

tim
e required on a m

ultiprocessor

C
P

U

I/O
 d

evices

P
P

1

P
P

2

P
P

3
P

P
4

P
P

5

P
P

6

P
P

7
P

P
8

P
P

9

P
P

10

Illustration of the ideal and typical perform
ance of a

m
ultiprocessor as the num

ber of processors is increased.
V

alues on the y-axis list the relative speedup com
pared to a

single processor.
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P
erform

ance of M
ultiprocessors

•
R

easons w
hy

m
ultiprocessor architectures have not fulfilled

the prom
ise of scalable, high perform

ance com
puting.

−
O

S
bottlenecks

−
m

em
ory contention

−
I/O

 bottlenecks

W
hen used for general-purpose com

puting,a
m

ultiprocessor does not perform
 w

ell. In som
e cases,

added overhead m
eans perform

ance decreases as m
ore

processors
are added.
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C
onsequence for P

rogram
m

ers

•
L

ocks and m
utual exclusion

•
Program

m
ing explicit and im

plicit parallel com
puters

•
Program

m
ing sym

m
etric and asym

m
etric m

ultiprocessors
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L
ocks and M

utual E
xclusion

•
Shared variables in m

ultiprocessors face the follow
ing

problem
.

−
W

hat happens if tw
o

processors attem
pt to increm

ent at
the sam

e tim
e?

−
V

ariable is increm
ented only once instead of the correct

tw
o

tim
es.

•
O

ne solution: locks
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L
ocks and M

utual E
xclusion

loadx, R
5

incrR
5

storeR
5, x

A
n exam

ple sequence of m
achine instructions used to increm

ent
a

variable in m
em

ory.In
m

ost architectures, increm
ent entails a

load and store.
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L
ocks

lock17
loadx, R

5
incrR

5
storeR

5, x
release 17

Illustration of the instructions used to guarantee exclusive access
to a variable. A

 separate lock is assigned to each shared item
.

•
O

nly one copy
of

lock exists, only one processor can gain
access to lock at a tim

e.
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L
ocks

•
Problem

s

−
program

m
ers forget to apply locks to shared variables

−
errors due to sim

ultaneous access depend on tim
ing and

are rare to detect

−
locking can reduce perform

ance

−
locking adds overhead
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P
rogram

m
ing E

xplicit and Im
plicit P

arallel C
om

puters

F
r om

a
pro gram

m
er’s

point of view
, a system

 that uses explicit
parallelism

 is significantly m
ore

com
plex

to
pro gram

that a
system

 that uses im
plicit parallelism

.
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R
edundant P

arallel A
rchitectures

•
U

se of parallel hardw
are to im

prove reliability and prevent
failure

•
M

ultiple copies of a hardw
are unit that operate in parallel to

perform
 an operation (sam

e data and sam
e operation on all

units)

•
W

hat happens if redundant copies of hardw
are disagree?

−
votes?

−
error m

essage.
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D
istributed and C

luster C
om

puters

•
T

ightly coupled

−
parallel hardw

are units are located inside the sam
e

com
puter system

•
L

oosely coupled

−
m

ultiple com
puter system

s that are interconnected by a
com

m
unication m

echanism

−
e.g. distributed architectures, cluster com

puter

C
S250 -- Part V

25
D

r.R
ajesh Subram

anyan, 2005



D
istributed and C

luster C
om

puters

•
D

istributed architecture

−
set of com

puters connected by a com
puter netw

ork or
Internet

•
C

luster com
puter

−
set of independent com

puters connected by a high-speed
com

puter netw
ork that are all dedicated to solving one

problem
 at a tim

e

−
also called netw

ork cluster
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Sum
m

ary

•
Parallelism

 is one of the fundam
ental optim

ization techniques
used to increase hardw

are perform
ance

•
E

xplicit parallelism
 gives

a
program

m
er control over

the use
of parallel facilities; im

plicit parallelism
 handles parallelism

autom
atically

•
SIM

D
 architecture allow

s an instruction to operate on an
array of values

−
vector processors

−
graphic processors
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Sum
m

ary

•
M

IM
D

 em
ploys m

ultiple, independent processors that
operate sim

ultaneously and can each execute a separate
program

.

−
sym

m
etric m

ultiprocessors

−
asym

m
etric m

ultiprocessors

•
Speedup

−
theoretically m

achine w
ith N

 processors should perform
N

tim
es as fast as a single processor

−
in

practice, speedup does not increase linearly w
ith

num
ber of processors due to m

em
ory contention and

com
m

unication overhead.

•
A

lternatives
to

SIM
D

 and M
IM

D
 are redundant, distributed,

and cluster architectures
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