MICROPROCESSOR AND
COMUTER ARCHITECTURE

advancet in avchitecture ®
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ADVANCED AR(HITECTURE

© M1 —system on hip, ARM (RISC) avchitecture, levele of tache
tache levele exist even for SOC
+ ? coves | 8 GPUs on dnip

Muticove, multiprocessing, pavallel computing

* Efficient oloprithms on computers
Capable of hiahes{' performance
* To solve wost demanding  prolems

D Higher Speed
2 Higher Throughput
) Hiah t.om?u’mﬁom\ Power

Quanituing Capallity Yo Solve Problem

. F\oaﬁo\od Poink  Operokions Per Second

Name Unit Value

10¢
kiloFLOPS KFLOPS

100
megaFLOPS | MFLOPS

10¢
gigaFLOPS |GFLOPS

teraFLOPS | TFLOPS

petaFLOPS |pFLOPS

10%
exaFLOPS |EFLoOPS

102
zettaFLOPS | zrFLoPs

102

yottaFLOPS |yFLOPS
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Super Scalar/Vector/Parallel

Parallel

wu\kicove |
mu\\-iv\ e
processeve

1950 1960 1970 1980 1990 2000 2010

Moore's Law

No. of ivamsittovs [ Chip doudles every 2 years
Lost of computer halved

roLessing  power
TRUATION ?in \ozé?nv‘\:ir\s vear
Pr= o 2" number of years
/ to deveop a new
processing power ricroprocessey divided

wn fukuce years by 2 o of 2-yeave)



Q. In 1988, the number of transistors in the Intel
386 SX microprocessor was 275,000. What were
the transistors counts of the Pentium II Intel
microprocessor in 19977

n= 14997-198¢ - 9
a b

%, = Q75000

.5
Ph = Q7SD00 x 2 = 6322539

= 6.2 mil\{on

10’ + Intel 48-Core [

Transistors

Prototype § (Thousands)
6 AMD 4-Core [F . )
10 ¢ Parallel Proc
Opteron Performance
105 F Intel FAEE Sequential
Pentium 4 Processor

Performance
10" | DEC Alpha

3 Rt (Fhl;lel_?zu)ency T\ Denavd Scaling:
10°F mips R2k 0§ Arawntittne
102 | (Tm'ft:; Fomer get smaller,

1 Number P()WCF dengiy
10 of Cores G“'&lﬁ& UW\“\’Q V\‘\'
10° | v

1975 1980 1985 1990 1995 2000 2005 2010 2015



Shift 4 Parallel ?rot.essiv\%

* (10p between processor and wiemeny performances

+ Gap increasin

© Memory lotenyy and bandwidth intufficient ; acks as boHlenede
¢ Processers stal\

Power delivery ond dicsipation
* Difficutty in scaling pecformance of chipe ond systeme
* fFoster omputers ger very hot

Speedup = I
P p Th - _g_

g= s?eeo\ up Lackox
f = fmction of pmamm Mot con e ovﬁmiseo\

|-4 = Prackon of prgram Hak cannot e optimised

* more on ponye 29



Parallel Computina

. Mu\h‘p\e CPVL fox sirgje program

instructions
w 13 2 [

von Neumann Archireckure

problem

- Sequence of inStructions stoved i mem ey
* Brewuted  tequentially

S&med"xobmm oncept : seguence of read-write operotiont on
memery

Data and inttruchont bvotn Stoved wn o s&n@e mewm'a

Main Memory System

Address ‘ [ Data/ Instruction

Central Processing Unit

Operational
Registers
Arithmetic and
Logic Unit

Program Counter

Control Unit

Input/Cutput System

Von Neumann Architecture



Hoarvard Arewitecture

* Sepovote Storaoe and butes for inttvuckions and  dada (moderv)
* (an fetch ond load|store ot dhe same Hme (pipeining

Main Memory System

Instruction

0
Instruction Data
Address

Data Address

Central Processing Unit

Operational
Registers
Arithmetic and
Logic Unit
Program Counter
Control Unit

Input/Output System

Harvard Architecture

. Bit-level Paralleliswm
* 8-bit processor o odd 1b-bit numbers

. Tnttruetion- Level Parallelitm
* Pipelining LdiFerent stogps)

3. Loop-Level Paralleliswy
* No depmo\cn% — sp\i¥ acrost  Cores

* Loop wavolling for  dependency



‘ %" ‘FU‘ Li'—\') '\L:IOOO} .\..\.]) {
x(id= x[id + yGl,
§

load (o)
(ood 3(03
add xCol, ylol
$hure x(o0l

Loop  Unvolling

load x(o0)
lood 3(03
add (o], ylol
$ture  x(ol
load %€1)
lood 3(\3
add 013, yhid
Shure x(1]



Hne-b(o\'ma\ snread G (onrte- amined Mread

Core

-

\

evewntion stoxe of program (lteb,i’c, Stock pointer)
inYerrupt logic

execuhon unite

whe

s'mb\e yeaded Pfocessor

CPU State
Interrupt Logic

Execution
Units Cache

Mulricore

multiple coves on single die | chip

thip Muiiprocestef CCMP)

tweead level ¢ tast level paralielism

eadn cove independenty executet o task (ov thread)
cores con share yvesoucces

multithreading  and wm\’dprocemn@ supported

CPU Stote
InYerrupl Logic

CPU Stote
Interrupt Logic

Execution

execution
Units Cache

Units Cache

o = —— - - —— - —




H@geﬂh {eading

Simultoneous mulhi Horeading  (SMT)

wread  defined ovchitecture stote Cinverrupr logic, ves)
shared exewnhion wnitc ond wche

Intel

CPU State CPU State

Interrupt Logic Interrupt Logic

execution
Units Cache

Awrdan's law for WT

s?eeo\u? = |
$+ (1-8) + H(n)
0.61n

dif€erent parts of pregram fun  pavaiiel
?roaf“:\;v\mm explicify spectfy parks of  program to  cun
para

* hardware edvact parallelioym and dynamically schedules

compiler o\&nam'\cmls scheduwies

oS fesponsibie Lol scheo\ulinb tacks on  differeny coves

0¢ or  proprammer
* processes, Yaks, yols



— CLASAFICATION fPARhLLEL COMPUTERS

Flynn's Taxonomy of Cowrpurer Avchiteciure
wo independent dimensions: intivuciions and  data

SISD SIMD

Single Instruction stream Single Instruction stream
Single Data stream Multiple Data stream

MISD MIMD

Muitiple Instruction stream | Multiple Instruction stream
Single Data stream Muitiple Data stream

W SUsp : Siv\O\e Instruchim | Sif}f)ﬂe, Dato.

. S“"&“ mstructon: on\g) one intiyuthen  Stveam bewb actessed
by (8.4V) duﬁng s'm%\e cloce uode

Sir\b\e data . °“"6 one dofa stveam bu’mb oceecsed by PV
o\urir\(s sinb\e clock uoo\e

Deterwinishc

* Tntel Aom fowily CSilverthorne, Lincroft, Diamond vile,
Pineview) — fuvely found

Older ; segquential execulion



instrucHon
[ cache

SISD I Instruction Pool l

aw )

Data Pool

@) SIMD: Sinple Tnthruchion, Multiple Daton

. Speaa\iud provlemc with \:\'\%k o\ebvee of recbu\arihs (eb:
%wwbg ‘xocesstn@

« fwo voriehet: processey orfa“s Yy vector P‘pe\Mts

* Procetsor Arvays. Cowneckion Macnine CM-1, Maspar MP-| ,MP-2
Vecror Pipelines: &M 000, Cray €90, Fujirsv VP , NEC $X-1

prev instruct prev instruct
SIMD Instruction Pool load A(2) load A(n)
_ load B(2) loadB(n) | |=
PU |+~ c2=a@rB@)|  |cim=AmrBm)| :
_ store C(2) store C(n)
l__é—-PU'— xt instruct next instruct noxtinﬂmct“
El P P2 Pn
A[——|PU |+
=7 P T O ),
B + 5 +
= (7 vo(E 1]yl w]

Y xpevn (analxenz] xisyt [x0+yo))




Prrmb ProcesseX

MAR

MEMORY

sl
ALY cem ALY

!
i
|
I
i

@) MIMD - Multiple  Instvuehion, Muliple Dovo
Motk cowmwon type of parallel cowputer

: &onc\r\rov\m oY M\Anc\mronws, determinishe & non- detrerminithc
execnhion

MIMD I Instruction Pool |
I ———— prev instruct prev instruct
—|PU 4—-—|—0 PU |+ call funcD do 10 i=1,N
| x=y*z alpha=w**3 -
“8‘ — [ i sum=x*2 zeta=C(i) 2
g —|PU ._—l_. PU | call sub1(ij) 10 continue |
gy next instruct next instruct
—— —
_ul Ly ) o




@ MISD: Muliple Tnctruction, Singje Dot

© Few exitt \n feal \ife Cexperimentnl one of (MU); practical
pUrposes — doet notr exitt

. Smb\e dota civeam fed YD wuld pe fcocessi\r\ﬁ unite

. S‘A:’m\ic arrags

MISD | Instruction Pool
. prev instruct. prev instruct prev instruct
| load A(1) load A(1) load A(1)
- C(1)=A(1)"1 delta=A(1)"4 mat(n)=A(1)
"S PU PU store C(1) B(i)=psi+8 write(mat(n))
5 next instruct next instruct next instruct "
P1 P2 Pn

¢ Parallelitvm com be achieved in two wowye

M Dara Parallelism
- opem-&ir\(s on wmulhiple doton in porallel

@) function Pavallelitm

- performing many functions in paraliel Ceontrol povalielism,
tost parallelisw)



DATA PARALLEL\IM

. %6: Mt IR mu\\"\?\im\-ion s\

1 2 3 o 1 1%10+2%7+3%2 1%1142%5+3%4
T \i 7 5 1

- 5 6 — 4%10+5%7+6%2 4%11+5%5+6%4
| ' 2 a < - -

1 3 2 1%710+43%7+2%2 1%11+43%5+42%4

w
>
w
w
>
N
w
>
~N

— FUNCTIONAL PARALLELILM

funcrional ?robmmmmﬁ-. big fotl broken into swaller
roske fhot are independently executed in  pavallel and \ater
ombined o 3iv¢ e Hoal cetuwr

Function-parallel
architectures

It e

Instruction level Thread level Process level
Parallel Arch Parallel Arch Parallel Arch
(ILPs) tnread: prowesssy (MIMDs)
stode , inerrupt \ogic
ond execuhon wnit.
one  process o e
Pipelined  VLIWs Sligzzss?;?; ereued, Shared
processors ey \o P Memory MIMD Memory

pipelined  incvuchom MNP

inchruchond wevde :
dub 2-4
nexy an
execute



© Consicks of oddress space, lavoe ek of process sratre
volues , one  thread of exeturion

* Tosk of kernel: create processes and  dispatch them to different
CPUs 40 maximise sysrem uhilisahion

Uassificokion of  MMID  (ompwhevs

MIMD Computers

/////\

Single Address space Multiple Address space
shared Memory distributed Memory

e

Physically Virtual
Shared Memory (Distributed )
/ Shared memory

P NUMA COMA CC-NUMA



PARALLEL COMPUTER MEMORY ARCH\TECTURES

+ Shaved wewm
© Distributed memey
. \—\\o\oﬂd Distribured - Shared Mew
Note: heve memery it tthe and not main mewmﬁ

0 Swared Memm‘j Avhtedure

g | Data ag | Data Tag | Data

Cache ! Cache ! Cache!
Ta T:
|

i i i

I Interconnect l

« Add per-core
(write-back caches) sg:::: Tag | Data State
[ * Reduces [atency

* [ncreases throughput
.  Decremsssensrgy oo
B

* AW CPUs  share meW\GYb
* Shared memery povallel  Computers
* AIL processes tan  mceess memeYy 0s ool oddress space
Trocessels  opevate 'mde?em\em\\a but thwave Nﬁ“""& cesources
- TWo dastes bated on access rimes:
ownd

- Today's S\ommeMc Multiprocestsl macdhines  CLsMPs)

- Sowe time Lor o\ C(PUg (processers) o nctess wewmevy

- Ao called

T¢ one processsy updatec looadion in Shared wmowdry (wche),
Ol processss ¥now  obowr update

(ache coherencyy Octomplished ot hardware level



Processor 1

Processor 2

Processor n

System, Interconnect (Bus, Crossbar, Multistage network)

170 :::;i(:yl ® o o 0o a'?;t:z?y m
~  Ofken: (iv\una & of more SMPg
- Memn‘g ocess Hime  aevost ik 1K Slow
- (nche wherevxcva molnrainesd
;f;'ory g Processor 1
ho:;lory 2 Processor 2
Inter -
connection
Network
°
°
Lacal

Memory n

Processor n




advanbages

¢ blobal address space s user friendly fox w\emﬁu
+ fogx dala S\r\u\'\v\% between togks

Aifadvanta cées
* Lotk of selalility Cmove CPUs = %wme’crim\\'a move 4vofbic on

shaved ?m\'h
. Respom‘sbiq on roﬁto\wmer Yo ewnduvre covvect actess *o B\Oba\

fmemovy
© Expensive 4o produce for mwove no. of processevs

(v Disiribured Me,w\mé Avomreckure

network

* Boath RV hat ke local WewioYy ot an occess ol

* (ommunicakion network to cownect inter- proceste! meweny

* No oloal oaddress space 3 Mo wapping of wewory addresses

* NO concept of cache Lonerency

. Progmvv\mer’c vespontibility to oceest dato from another processer

* Synthvonisodion between Fatks programmers vesponcibility
tiniHore communicakion, havdswake, free netwevlc eke)

* Network fobric varies; can be ethernet



advanbages

© Swlobe Wemtry With inwease W no. of procetsove
- Ropid occess ‘o procestort memory 5no cathe woherenwy overhead
+ lost effeckive -, an wie off-shelf processeve and networking

dmadVanta%es
* Proprammer vesponsible fof doto Commwnicaxion letween

processeys
© NUMAR Yimes

* towld be hard to wap data structures boted own 6lobo\\ memevy

© \‘\%\:rio\ Avthitecture

Bus Interconnect ‘
|

* Shaved wewmny tomponent: cache -conerent SMP wachine
* Al processors on given SMP acets memery os  global
* Distributed tomponent 1o wetworking of muWiple SmPs

« SMPs ovx\\s wnow abowt Waeir mew\on\;)
Network wmmunicohiond mMust dvanifer daro betweenn SMPs



PARALLEL PROGRAMMING LANGUAGES

* Shared wmemery GP\s: — ¢/t++, Forivan, Python

« Distribured meb APle: —_—
C[x+, Pothvan, Java, Python, R, Ocawl ere

Habrid memery : towbination of and

OpenMP




. 0?¢nMP fP\ n C

#include <omp.h>
#include <stdio.h>

int main(int argc, charkx argv) {
int iam, np;
#pragma omp parallel default(shared) private(iam, np)
{
np = omp_get_num_threads();
iam = omp_get_thread_num();
printf('Hello from thread %d out of %d\n", iam, np);

b

return 0;

Exetured v Mpe0S

» Unit 5 gcc -Xpreprocessor —fopenmp sharedmem.c —lomp —o sharedmem
-+ Unit 5 ./sharedmem

Hello from thread out of
Hello from thread out of
Hello from thread out of
Hello from thread out of
Hello from thread out of
Hello from thread out of
Hello from thread out of
Hello from thread out of

00 0O 0O 00 OO C0 OO




txewdred W Uvunyu &0

$ gcc -fopenmp sharedmem.c -o sharedmem
S ./sharedmem

Hello from thread © out of 2
Hello from thread 1 out of 2

—  Ditdvinred (Y\emmrzj Pm&(ammivg
- WP AP w(

#include <mpi.h>
#include <stdio.h>

main( argc, **x argv) {
MPI_Init(&argc, &argv);
numprocs, rank;
MPI_Comm_size(MPI_COMM_WORLD, &numprocs);
MPI_Comm_rank (MPI_COMM_WORLD, &rank);
printf("Hello from rank %d out of %d processors\n", rank, numprocs);
MPI_Finalize();

execured on Mac0S

t 5 mpicc distmem.c -0 distmem
+ Unit 5 mpirun ./distmem
Hello from rank ©® out of 4 processors
Hello from rank 1 out of 4 processors

Hello from rank 2 out of 4 processors
Hello from rank 3 out of 4 processors

executred on  Ubuntin

$ mpicc distmem.c -o distmem

S mpirun ./distmem




Lotih OMP and P

#include <mpi.h>
#include <omp.h>

#include <stdio.h>

int main(int argc, charkx argv) {
MPI_Init(&argc, &argv);
int numprocs, rank;
MPI_Comm_size(MPI_COMM_WORLD, &numprocs);
MPI_Comm_rank (MPI_COMM_WORLD, &rank);

int iam, np;
#pragma omp parallel default(shared) private(iam, np)
{
np = omp_get_num_threads();
iam = omp_get_thread_num();
printf("Hello from thread %d out of %d and rank %d out of %d processor\n', iam, np, rank, numprocs);

MPI_Finalize();

Exewted ‘wm Ubuntu

S mpicc -fopenmp hybrid.c -o hybrid
2 S mpirun ./hybrid
Hello from thread ©® out of 2 and rank ® out of 1 processor
Hello from thread 1 out of 2 and rank © out of 1 processor




Cyetutred in Mac0S

Hello
Hello
Hello
Hello

from
from
from
from

mpicc -Xpreprocessor —fopenmp

mpirun ./hybrid
thread @ out of 8
thread 1 out of 8
thread 2 out of 8
thread 4 out of 8

hybrid.c

rank 1
rank 1
rank 1
rank 1

out of
out of
out of
out of

—Llomp -0 hybrid

processor
processor
processor
processor

Crruncated)

+ (avnot vge on\g OMP S MPI

CUDA




Mulliple  Progrom Mulkipe Dota

Thread-level Parallelism

A A A

swn

A

r . 4 pe—— Y

= |

Task 1 Task 2 ask 3 Task 4

Thread Thread Thread
. - . 3 i

Thread




Arondtecturol Tvinovoarions  foy Tmproved Performance

Architectural method Improvement factor
Y & 1. Pipelining (and superpipelining) 3-8
% B 2. Cache memory, 2-3 levels 2-5
= = < 3.RISC and related ideas 2-3
22 | 4. Multiple instruction issue (superscalar) 2-3
H . 5. ISA extensions (e.g., for multimedia) 1-3
» [ 6. Multithreading (super-, hyper-) 2-57?
s 38 7. Speculation and value prediction 2-37
3 = < 8. Hardware acceleration 2-10 ?
ol - 9. Vector and array processing 2-10 7

\. 10. Parallel/distributed computing 2-1000s ?

Diffecent Tupes of Muticore Mrenitecture

|___cPusmte | |___cruse |
[Tremimttoge | | | [t toge ]
Executior Exncution Execution
(] caoe | e N | S

v,
A) Single Core B) Muitiprocessor

CPU State CPU Statn
Interrupt Logie InteTupt Logle

Execution [
| Egeton | cacne |

CPUSHE | CPUSHte |
| ThterTupt Logic 1 : | Tierrupt Loge | &W\S(C
Emcubon” Sitha [ [ ” caml 1 CNP

C) Hyper-Threading Technology D) Multi-core

[L cpusm.jél cvusun—;}
[UInterrupt Logic | ; | Intermupt Logie |

Exocution Units | | [Execution Units
*

E) Multi-core with Shared Cache

| Interrupt Logic | | interrupt Logic | | | interrupt Logic | | Interrupt Logio |

Execution 5 Exncution
Units ‘ Units

F) Multi-core with Hyper-Threading Technology

[CcPusaw | [ cruswme |:[ crusmw | [ CPuSan ]]




© SMT Dwal-Core

K\IL/)'

\ | | /‘k

Intager || Floajifig Point
AL/
\\l I
!
[ Hr oo |-

Integer || Floatifg Point
b | | /
\\ 1 J A
|
= HAe |-

Thread 1 Thread 3

@ Scalay

Thread'4 Thread 4




Q) Pi‘n\‘m't V\&

1 2 3 4

10

(i Supcr- Seday

- mudiple  ferh o once ; wore vhan 4 inet per (C

" povalel execution unidg

10

11

12

13

14

15

Think of Executing following loop

for(i=1;i<=6;i++)
Out=i+i;




W) Super ?i?diniv%
* increase o\e[;-\h Cmore ?\?a\'\ne. ﬁ'&ﬁ&@

© 05 ¢cC for one &Sge 67 L stosec per (¢ here

1 2 3 4 5 6 7 8 9

10

Original Source Sequential Machine
Code Code Hardware

COMPIEra - - parallelized
— code

multpie)

Execution Units Available™

the execution units are not
used efficiently




Original Source Better Parallel machine Code

Code
- Compile g é g

Hardware T 7
i)z fugetoszl Uslts

Views Wider

Scope Get more efficient use
of execution resources

VUIW: Very Long Tnstyuckon Wevd

© Maltiple independent inthuctiont bundled ‘ogether os o
single longy inctruction

* Done bn ww\y'\\er

ww —— [T

Different paris 1 pavaliel



VUW vt SuperSm\M

‘ Su.pmm\ar: eath intivuckion fetthed (mudiple fetdh) ond
executed in  parallel

Multiple Instructions

L B

VUW: decode  single  ingivuction info  multiple  inttructions
ond exewre poraliely
Compiler identifies independent inctr % bundles

Long Instruction

"mmT ——

(A V\avvuc
More wmp\ex

na\ware)



No independent inStruchions found: no-ops inserted and
recompile

Tmprovement: EPLC- Exglicit Pavolel Tustruchion Compurer Cuses
speculative loading & prediekiond

€pPIC

6l -bit+ miwoyrocesrmr inttywction set

128 %ev\eml Q, ﬂoo\-Hnﬁ point unit rea'\s\—m

* Speculative lomﬂv\a: fetth inttruthion ond execute but do  wot

(‘MGV\GC MQMIYH wnkert  unhil branth  decition xnown

* Prediction: ferth vut May not execute 08 lromch dedision it

known

Uses speculotive loading, predickim and explicit  pavallelizm

Growp of inttvuctiont — vwundle

Eath bundle was stop bt if Swbtequent instvuction bundie
depends on it

Dependency informadion dettrmined by tompiler , not wardware

Preferdning  inttruckions: Softwore prefekcn  nstruction



* Unece load instrudhion: checke  whetnaer o tpeculative load
wot dependent On o loker thve inttruckion and wwer b
relooded

ADVANCEMENT 4w PARALLEL COMPUTING

Adding Two Madyices
V)

for(i=0; i<row; i++)
for(j=0;j<col;j++)
Alil[j]1=Blil [j1+CI[i][j]

ANl B[](] cnn B[illj]

Uni Processor



ALl B0 cin

B(il(j]
chil

ALI(I]

SPeepup

* Ts: best poscible serial ¥ime

© Tq: time +aken by parallel olgoritww on n  procecsors

* Speedup = Ts

n
: /
Superlinear Speedup P
= " Linear Speedup
= // 5
3 // ,/"/7/7/
// -~ Tipical Speedup

Number of Processors



fcoptam con ‘oe spiv into 4wo  paris: Pam\\e\iaab\e. and
non—?ara\\e\isub\e paﬂ-:

© T:= total +ime Of gecial exewion
F = total Yime of povallelitable part when executed serially
< T >
T-F F

when exewted pavaliey with N processors

totol evewtion time = (T-Fd + €
n

6. The total time to execute a program is set to
1. The parallelizable part of the programs
consumes 60% of the execution time. What is the
execution time of the program when executed on
2 processors?

T=\ F=006 N =2

exeurtion ¥ime > (-06) ¥0.6 <« O4¢03
2
<= 0.7



Parallel Cowputing — Procesy Topology

. Linear

EEEEEE

A Tree

3. Km&




4. Mesh

S. H((yem\oe

- look ot slides o hpercube § meth  examples



AMDAHL'S LAW

Speedup = g = Te :
TN (Tg-¢) + € (-F)Te + %'E
N

&peeo\up = ) ‘1— -
n

W n= Speedup factor s, more  penevally

speedup = I
a-f) + £
$

$= speedup factov
{ = fraction of program tat can e optimised

I-§ = frackion of progmm twat cannor loe optimised
Lmit : 08 8§ - >

Max Speedup € - |
-



8: What is the overall speed up if 10% of the
program is made 90 times faster?

Speedup = |
H a-£ + £
S
£z 10y
$= 90
speedup = | = 900
o4 + O gu
90

= L.t

8: What is the overall speed up if 90% of the
program is made 10 times faster?

Speedup < |
peeavy I fs_
£=04
g~ 10
Speedup = l = oo
o1 + 04 9
0



20

18

16

14

Speedup

o £= 05
vy £:=07s

ﬁ.\-\) ‘.}O.‘]() =)

10 -

Amdahl's Law

/ Parallel portion
50%
75%
/ = 90%
/ e 95%

128
256
512
2048
4096
8192

=
o
o
-~

Number of processors

source W‘\v.'\?ed(m

> Q

4

{0

Sp eeAup wax

2)

¢!

Spe eduwp,

%eeo\ u? MAK =

@) £:095 > Speedup .y = 20

16384

32768
65536



Hlaws Wit Amdanw's Law

ASsumes  Speedup  independent of probem sue
© Does no+ account For sca\au\oi\i*a
. Iav\om Communication Cost

GUSTAFSON'S  LAW

* The proportion of sequential  computntions decreases s the
problewy Size  inwreades

* Notx +theorem: observation

* Assume pavallel execution time fixed
speedugp fackor = N- (N-D)«¢

§ = seril jart of wde C(frocHonm)
* Twwease no. of processers  as  well ag program she
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AMDAHL'S LAW FOR MULTICORE PROCESSORS
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