PIPLLINE At VECTOR proctssiv -
contens

- panallel {nom«iry

-~ P'rpdu'ninj

~ Athmetic pipeline

= Jnstruclion pipeline

~ Risc pipeline Vector processing

- Anay processors ' B )

- Nulﬁpwceﬁo:ﬁ
- Characttiistics of MuHiprocessors

- Toketconneckion Structu e
- Qn-krproce&sz'fL Mbitsation
- %Rrproc&%ﬂ communicatton. and S*/nC}\VU”73a£"””

- Cad—)c coherence .

&Mﬂcl proce.l/s‘ma .

'-A paxallel Proccwna System 14 able o peform concurrent data

PmceM?nj Jo ochieve foster Lxeeution time .
-+ For example, While an Tnstruction 4 'bcjna exeeuted i the ALY
dhe nect Instudion can be vead from memory -

The SySdem may have 1wo or more processoss a/aeia{v‘ry Conturrently

and able 40  Erewde 1wo or mose Tnstiuctions at the Same time

« The purpose of  pavallel procedsing is o Speed vp The computer
processing  capabiliy and increase it fhioughput, re-, The amount

of proceting -that can be acomplished clur?nj a J?vcn' inferval

of “time.

Scanned with CamScanner



<> Pelr Ssor LYTH rmualliple funetfonal tnife ta ’!"f’jf't‘r' an —_

—

o "."‘11}'_&{‘-"1-:3.[8)1—:(1-('! t;r J»———

—
' JJnfCrau Mulffpl_j

. "—)@'afc uni L !j——')

1o memes

| processor

1(3?31(1& . —HoaHnj—PMnE
add - Subtract

-Floa-li‘na — Point J

multiply

Incrementer =
| e SN E A

———
| tloating ~point
7] divide

— | ]

2 It -Showa -the one PoNﬁble Nay of Sepr,m{fnj The £recudion unit
| . . <

nto CTﬁht Hfunctional unila oPti"mj in. Parallel .

> TThe opiands i -the rej‘?.s%crs are applied to one of the unit&
dtpcm:!.‘nj on the oPuaf.ion_ Spedified by the ?nfs{mcﬁm associated
nith the operands.

- The $e1uencé of ‘inatruckons rvead fiom memory Conatituls an

nlyued{on Lhveam - -

2 The operations puformed on The dato. in -dhe proceskd- constituke
a dato sheam - _ B
DAt Sy
5 pamllel P""W’"'kj mad occaryr in ﬂhc an:u_d%or\, Shieam , Iinthe

doda sheam, (ov in both.
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ELtw'A classification »_ &
\/\'/.\,- L N, * ’

Acm:dfnj 1o ;lann'/, Clossification divider computer

into ~four major qroups :
th Sisp ( Single instiucton .Sﬁ:am,sinjlc pata Slieam)

(2 SIMD 'C.SFnjlc tnshuction Slream, Mutiple Data Stream)
Y Mi1so  (Mulkiple inatiuction Siream, Single Data stseam)

! (W MiMp ( Mulkiple Snstiuction Sheam , Mulkiple Dato shieam)

‘é;'\f’P':" S1SD vepresents he organization ¢f a Single compuier

Corﬂaim'nj a  control unit, a Procesd- UNit, and a memory vnit .

Data pool

CU-Conhp| unilk  PE - procesting tlemunt,

M- memoy
' - ;

-« ZISD Cowesponds ~to the tiaditional mone pioceAsor
CVon Kevmann computer) - A Single data stream I'Albcinj processed

' bv one  insliuetion Slicam -

(on

. S‘;“jlf Psocer v Computer Cuni- proceasar) in which a ﬁnjlc

Steam p)  inatiwedions 1A aenqa-k{ fyom “the p1ogicm -

SIMD: . gup vepresents the oyaaniaah'an o ac %5’&‘%}59@

cm{auﬁ@ A cadatwl wat, @ pwcese Ukt , drd=a that includy

manj PIDCEMIU UniB  Undes dhe SUpaufﬁan. 0f @ Commpm Contaol

unmtk-
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{ inshaelion ,mnl ) .

1 T 75 SN
(0r) ] [ ( ﬁ:

‘§. ]_— } [ } e M N )
o L CARCARNCY o
Q ‘
v Each fnsbacion A exeeeled on a different  selb of data by ki
_ oy
dif{event proceasors - e muliple procedting onila of The Same type
pvoceas On mubiple data  Streams -
. his qrovp 4 dedicated o awoy proceAsing rachints -
B . Somedimer . Vechor Processoxs  can alko be Seen a4 a put of
— his  quoup- =
MISD,—  MISD Shucture §6 only of theovelical intcreat Sinte 0 pradical
ANAA * ’
System  has been- constructed  Using thi s Qtﬂm?;’aahm\-
‘ Inshucﬁonpoou_
| [ ‘
S T e
(on cu cu %
2 {pe [ pe [ T
a _ £
3
E 3 Py k’_" - Each pwcessor exeufts a diferenl Sequentt .
— of Tnstruckons -
_ |
- « Jn case of MISD computtis, muH\P’C
procu&fnj unik openake on ont Single
B da—la. Sheam -
i ) . In pmt:%e.ﬂh’.,g Kind o Otaan?zq-h‘ur\,
hasa Neve been Used-
|
I .
o
| =
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Mimp ! MM O,Un,-,;s,,,;,,,\, tefess 1o a Compules Syslem mpahlf ol

'P'“‘"“"”j Seveyal plnommA al the Samé lime
< Muliprocesors ase heat £rample.

b G

ulz\ﬂlaudx'm:\ ‘Pcnljl[

ISa N
a
cw |

' ﬁ ' \o:) _
i

pPv - | Interconnection Nefosle l

<4

Dato_pool

1

.« Each Procestor hat a Sepahak proaram .

An instrudion Stseam 1A aenvtakd -fsom cach Progiam -
- Each Toslvuckon opuater on di-fterent data -
b . MIMD . builds the azouh_vfor +he hadfh’ongl muIJr?_ ‘Psocesso S .

Sevesal Proceating UNiK optale on muH{plc- data Slicams .

m:)ﬂ ‘— Sct of dato processing clements  which are connected

o Sedes - _ : .
output of 4he one element = Idnput of the next inadruenon .
= While £1cLu-£'nJ the program. fn memory favolves in 5 phoses
riF | 10‘! o F { ot ! XS ’ i
- J J d N L opesand
Fetch 4he  Iwhucton  opuand  Opueand Sore
Tty wetio Decod e feteh Exceulc
-~ n/ .
-ﬁom H\Lmog
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— — e
—

> PiP(hm"J W oa ~|tchn‘w,uc 0f Atrompuﬁn] a Sc']ueml proceAs a 2

. 1
) AN
g

“indo Svboperalions l\];;"\ each Suvbprocess bc:na exewded inta special

fe

dedicated .Ccﬂmml ‘”\q{ opesater contuncnlh With, alt olhe Schru.nk .

) i .
a o ;o & D 0 6 N

5 A Pipeline can be \ﬁSual73cJ o5 a collection 0 Pmcc#.s'.’n:, :

ﬁci]mcn\t ‘”\muak which .lfmmj ‘eeformation ~flows .

NolZFipefinfng Practising

wl
N

i,

[ ' Yipeline  processin
lL‘iF Tojop | o€ |b¢ RUESTIRG 28 J
a— < {0{phaJ,( nJ

t [IE[En[erfoefe] Poeterd ¢ [IEfinfor o] <

a9 | ) [2F]T0]oF [og [oe]
¢

v [IF[a0]or [oF] 5y

Mon-gipelng -

Pl Pd?n‘:nj _

[+ Al 4 . - ) = :
¢ actiont (-thhmj,dao&mj,fxcmb.‘xjj l. Mulh'plc 9 ruiruckows are Execul

of ‘invtvactont and Laﬁﬁ‘nj the resull Parahelly.
arve ﬂ‘roqocd i one Step -

é?'_- Lot -lhrouahput {no.of ‘Fnatauetiony arc 2.2k haa Hah—rhmuahput.
_E:Lcu.ﬂrc:l Powddc.) . Can{oun-t‘ of Tnatiuchions freculte’

pev unit -Hme)

F "
)

3. onhd one nstruetion 14 Exeruted PU‘-. 3-In P?peltnln:j many TILSErucH‘D"‘

onik Hime and Exctulfon process tequirts are fxetuded at the Same Hme ar!

More numbee of c,ddu ] Exeenton A CO}np\ekd ?n—fcwtxbnc' .

. . ' ' : .

A4- 3+ 9% not dtperden{- on Cpou 4 The. CthtHuJ 04 P"PC”“J Ly
Sche_clu@a& :

c\epglck vpon the cth-?uenw;-

of Cpu schedulos -
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~> Suppese We want o peclorm Jhe combined mutfiply and add

| optrations with a Sheam of aumbes -

(x - A xBi+Q Yoo =13 -1
] Within G
= kach Svboptaadion tx fo be Tmplemented n @ -SCOrnenl rpin
pipeline -
combinational

, . veqislers and o
- Each Scamtn{ has 0"C‘°' two 7€)

' .
Cliveutt—9s depfch as,

U

\/ N

[ vatipie ]

| P’:'pcf’mc pro ceMirj

- Th : '
¢ Suvbopentipna poformed  fn ench .Scamcnt of the pipeline

are a4 -foliws :
Ri¢=Al, R, <B; Clinput A:and G;)

Ry & R xR, , Ry e—c; (Mulply and Input ¢;)
Re < Ry+Ry, (Add Cijdo Product)

- The -five 1egiaters ave loaded With new data every clocte

pukc.
- The effeet 0f each C10ckpulA€, the content o] Yco:’/ﬂtr& "

pipeline G4 depickd In a table as,
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e e ls f:camml o .fmamml 1 _‘:{gmcn{. 5 :\ T
FU“\( - R— -— e —— e —— e i "p”:'— '
Numbtu Rl R Py Ry S ) nq
e ——— e A S S St il i gl P I e .
| Al DY \ _ - I
|
\\
. = Alxnd C) » —
2 AL B:-Q X3 Cy » N ;
N, C =
3 A3y By A R0, € o S ppmr G {
\\\ \\\., 1
8 Ny Gy . M¥x By Cy ‘ Ny ¥B,4C, |

Arithmetic pipeline t—
e

— Plpcline Avihmetic Lok dre Lsvally Jfound in very h‘i?h,sf)cccl
o » [5 eah
N ° » . ’ -' D rv

=3 ‘l‘hcxa are vsed o implement -‘-focL'Hnj_‘PDmf operations , muttiplice

of ftued -point Twmbas. and Sim3lan computations Cnmun‘f_’ﬂ'f'cl mn

Specific problems - .
—  An example o pipeline  unit for -Hoahna pom’c addifion and

.S\Jb‘l“lo_d—?o n-

5 The inpul o dhe 4f00{'°ma—Pdin{ addes pipeline  are to
normabized {bating —point b’una:y T

X = Ax;f‘
= y = Bxa® -
- Aand @ are Hhao -fractons thal repraend manti MaA CU\J. aand b

arc. the Cxponcn!'s .

- TThe loating —point addition and Subirathon can be perfomed in

our ée,amcnh, A dqﬂcvch aA :
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EAponeni Mantissa¢
a. b

| u&_fj.--‘l lln, J

[ Compard
\P D fercnee
C_xpon('nl( - —I

l)‘df)l)')( 1achon

[ r] J
- Bo_m:xmnml) »—\){ﬁanM{(‘l}n“SSaq‘I

— i

J

- o [ re

B Add (o :)Subhacl
man { 15508

\b
Normalige
result

Pipeline for —Hoah‘nj_pofnt addHion and Subtraction

Adjust
cxponent_

- ¢ s .
The wegisters’ abeled R ase placed beluacen The écﬂmenk 1o

Slove  intermediode resuli
- The Svboperations that are peformed f the four SegmEns 1B,

- Comparc cxPoncnh
Align the mank'ssas B
— Add o1 Cubliact -he mantissas

T, Normalige the reqult-
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Ex:- floating -poin L addition

Same
% = 009500 X6 Z0TMCs 09501 X0
A 1
v - 046200 X 10’ fﬂJ_‘_’_“.}.; 0:0§20X10
Mdition = f-o.x'u, Yio® M 003X
Notmalize
sesull

JAnstauckion pipeline 2

N~ ‘,\ ~—~ L

-> pipeline procc&xina can ocews ml only in the data slream bout in

he - inshincton Stscam as welt -

- An imbwetton pipeline teads consecutive insbiuctions frorn memory
_ P

while  previous instiuctions are bc’;"a freented in other .Scammk.
= The compuler needs -h process cach Gnsbisction mi,h “the. -folloing
Sen‘,ucncc of Shps-

— fpeich 'Yh? dnatzuchion -fmm. memory

— Decode the dnatyuckion =

i — Caltutode the effechve addvess -
~ Fetth -the opuands {fiom memory

- E'Recwl-r_ the Tntiuchon

: — Store +the teault in the propes place -
X Four - Saaﬁenl Instruction pipeline !

5 The opaa{{on o the HJour - &camcn{- Instruction Pipeline 18

c«lc(ﬁckd ah
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3 { S L~—~ --‘\[
® ‘ o Scamcn{ii felch dnstuclion
D l “from mCmm\l'
d |
l 1 e . - - .
: Decode dnstiactions
b | $camcn£1:
, and caltulate
! effechive address
) |
) | -
p -
p | ]

dnevsupt
‘Handling

- The Hme in the hoitzontal axisia divided finto Steps 04

ejual  deaton -

- The -four Seq menk  are vepresented n the d?aaram 2Gith an

abbyeviate d .S\jmbol
0> E2 $a the Seqment that Jetchen an Tnabucton
¢y DA T& he 3c3'mgnf that decodes the Ttivehsn

and calewladn the  efheelive addvess . *
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(o i ‘“‘f‘“ l(‘ll"llf“('\l_ dhal feteher -The ofx?}_ﬁnd.

V) e A cThe .';oamml that exewute the Instawchon .

3 '1‘:,,,1,‘3 od ‘ostruchion  pipeline G rlcp“rtltrl oA

RSN EN R _if__é._v, g ]e [ | o] n|n]n
Insuchion 1 | F1 | DA | Fo [ Ex
-~ -t “— —
> N Tl DA | FO | EX
' 2 1| PA|.FO [ EX
§ Fi| —| — |EL|Dn|Fo|Ex
5 o el — | — | FL | DA|FO | EX
¢ _ ,lf FIi|DA |Fo | Ex |
q FI {DA|FO |EX
- -

— Iin ﬂcnua\ theae are thiee major contlictt (A4 eutins)
“+hat Cau.Ae dhe nabuckon p?Pe.l'mc 4o deviate fvom s normal
OPCXG‘Hon.

Li) Resousce contHicte _ ) _

—_—

— coauatd - b(ﬂ actest -to memosy -bg +ao --Scamen}s at- the Semetime .
— Most o{. these condliclA  can be vesolved bU using Sepuate

“natruction and data memories . -

.L‘i;> Dato Depmde.nud corflic

_ afise. when an inhiuction depends onthe result of a

Previous  instiuckion, but this yeaull s not Hct available.

U B_Lanch, D ffeuties

—avice -fom branch and ofhe Tastiuctons That Chanac
“he vodwe of pc.. . -

Scanned with CamScanner

K
Y B L



—

R;SC Pipeline 2--

= Reduced Tnrhuetion Sel (‘ompul?nJ CPISe)

= ' " . 0 ' L [4 I 14 1 ’
) '\’“0“3 “he characlesstics  altythafed 1o R1sc 4 il a’)""J 0
Use an tHicient Sas-huclion pipeline .

2 The Simplicity of the Snsduclion sel cah be ullized 1o fmplement

dn "'n’slmd‘ﬂoﬂ P‘cPCHnt ()S'ina a Smal numbey 0f vaopurﬁ?on},,
| N

Wil cach bt'?nj exetuled o one cloek cvclc,
= Becawe of fixed Jcnjﬂw Taatyuction -formal , The decudrnj of The

Opcxcd?on can occur at “dhe Same Hme as dhe rej?/du Selection .

EX n Thiee- Segment Inatiuchon PiEclTn ! ' =

- The Sfnalvuckon Ct‘jclc can be J‘.’vi’c}ed.:‘inio three Subopuiations
and - fmplemeated in thiee Stomen'k .
B ' 1:\5;1 ucHo n_—fdtk
" A : Al optiakon
E ' Exewle fnstr uch;n.
Deled ,
5 comidu opuation oJ':'i'hc. _‘F,otl?w‘igj four nstructions ¢

“LoAD . RI 4 M[addvessi)
v-oloAn 1 R4 M[address 2]

ADD ¢ R3 & RI+R,

STORE M [address 37 &—R3
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- p?prl?n_(“lfm'.q} LIith Aolf_(fp_ﬁj-’cl- (Three -qegmen® 0= -

- —

i depicted fa a lable o,

cloclk NJHM f | » | 3|y ‘_ 5: ¢
tond @t |2 | a|E |
teades | |3 [a e
addean| | 1A e ]
C o seer | || a2 e ]

L, pipeline Aiming With delayed load B4 depicled in a lable a5

Clock mdduv ! ] 2 31 tf. 1 ] 617 ]
load R T } A E
toad R fili A E
r—r\_l;-opua%u'm, 1 A -E
Add RI+RL i  ¥\
Store Rs . {3 | |E

"y The concept of dema?nj +he vSe of -the data loaded from memory

i

16 edened to a4 dclanccl load -

DdCUdLJ anch: b=

= The method vsed in most Rlsc prt;cesso:s 14 o rclj on The Compilec
4o vede-tine he branches Ao that they take effeet at the propec

time in ‘The ‘\Pf,pd‘inc . This mdbod  ia defared Ho as deloyed branth_-

Bl - load {som memoyy to Ri

—_—

= ~ Tacement R
— Subtyact Rg fvom Ry

— Branch to address x. !
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— o

. M cxample ol r'rlmdhl bvanch A depicted o4,

Cloéla c-dclu

—

load
"@Q(v ement

Add

D e NS S——

Svbhhact

[S—

Branch to x

— -

No or(ml?cr\

e

No epetakion
———

Inthiuchinia v

Tnhcrement I /

Byanch to ¥ { A | E J l
add || Ja e fe] |
_ Svbtiact / I ) I'A I 3

'4 Instiuchion i X } . I 1 ._‘ A ! E;J

: (b Reanqnjfﬁ The Tns fyuehons

Vector pmcw’.n\c] =

—~ dn many Science and enginecing appl?édﬁons,‘ihe problems can be

Jormutated intoyms 04 vectors and. matsices

- DTHQYC_nf\ QPP]’,CQ-HQ;\ Qreak of vectar PIUCCM}’IU are,

- long-ranzc weathes ;forcca»sl&i’nj
— Petolevm exploratione

— Seéixmic data analysig

o~ MedSeal dfagnosis ..
- -/\erochjnama'cs and space -fl?ah{ Stmulations
— Arkficial fmh{l:ycncc and expett Systems

—fimase Processin g
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Verlor otr.mliom; .-

o - e

. » s . arrot Of
S A veddor 4 an oidered  set of a one-dimensional J

dala HHems:

L=y A vedor V of length n sepraented an a 10w veclor by

A R \!nJ

Ex ' ForTRAN DO loOP

DO 20 Jdz=!, 100

20 cli) - Ecit) +A(T)

— Tha A a program -for adding twe Vedors A and & of length

A . . 1 ' . .
— loo o produce a vecfor C -

— Thic & Mplemenkd in machine lanauaﬁc as,

Gniliclize 1 =0 o [
20 Read ALI) '

Read BLY)
.'  Slore c(a) = ACT) + BCL)

i Inovement D= T4)

24 g1 gwo joto 20

Conti nut

.

— A CDT\I;H“'LLR); a "progsam loop that reads a Ppairof operand s

from C(HOJJ&\ A and B and Pu-{\ormA Qa —'Hoaﬁnj——PD'm{' addition -

— The loop control Vasiable 16 then vpdated and the Steps repca&

100 H{mes -
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Matyix  MoMiplicalion

0 S emmenen [OS—
e — ol = S e——

= the mulliplicalion of 1wo 3x3 maliices A and B

Ay Ay, Ay b bn b ]
Qy Ay A X by by bn
(1_S| (13‘ a33 ".ll ')2 L ’)33 )

= The product mabix ¢ {4 a 3x3 malifx  Whost clemenk ase

elaled o Ihe clcmmMOi Aand B by the fn.ghcpP'Offufl'

C;' - ')}: o, Xy
] L
k=l o

= The pipeline for Calwlaﬁrlj - an ione produtk A d(p?chd a4

Sowsce _

Source , .
& MUIHPIICL . Adder
- | pipeline pipeltnc

B Mcmmj flnktl(_av‘.’na-;_
NN SNl A~
|
— TInskad of USing wo memory buses for Simultancous -access, The
memoy  Con be parfrtioncd info o number 04 modults conneckd To &

Common memory addyess and data busex .

| - ‘A memory \modulc & o Memory ariay {oaeﬁ\a Wik filk

) own addwess and dota ‘(eﬂ?éh-

—  Mutiple module memosy organization 4 depicted as B
) i ’ ;
Addrect Rus ‘
' N N » l
; AR AR E\E’_‘j AR
S A
Meme Mecmo Nemo He
) auo? aﬂ“ﬁ? G ] av:nﬁ‘f;j .
' v 4
% sy "R T or |
)
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e - —— -

] N y
e m%mnhzr 54 a modalay memm.1 i that i1 allowa The vee of Py

a 1(1)m’.1w Colle d _;."'“l’.’\";n;.’. '
S fn an Snkoleaved memony, diffesent sels of addrestes are MS'-JncJ

1o ditfevent memory  medule .
Oy proasi-
« An avay procemdv fA a procemd- that  petforrns The
compudalions on large aways of data
» “theae ave two  different types of arsay wa}’mr"
» Alacked 1\naj ptoce/;.ni
« SIMD y\nfgj processor

ﬁl{ﬂchtA Anay Processols

e NAA =

S R R TS d.c/s’r(t']ned‘ as o pcﬂph_ua.l‘ -fo‘r”o\ conventfonal host
computer - ‘ - .

. 1tk puspose f4 o enhance The puformante of he CD-rnPLL"C)'

b‘a providing vector processing -

. i{ achieves h’nah, PUcFOrm&nce b!a-mmn/; of paxalicl pmce&&:fﬂ

with mutliple functional unifs -

Greneral -pwspose anut-ou’rput' Atached Arsay |
Com k’ < > R |~
po inter-Face Processor

|

; i
‘ Matn Hemosy F High speed s Local ﬂEmoaj]

Mem oYy = Ptemo=3 bus

Attache d .A"‘Ef protessor With hest ¢computer

Scanned with CamScanner



-Q,!' ‘ . w‘ .
G’ G0y R

SN

al s wereating  Unil
v T procesar Lhich conatais of mualltple | )

perating fn pavallel -

2 Y .P
) v B ) m he Sam?e ’IV
1 C ‘ ‘n[f'\'.\'lh\j (‘l\“\ are «Qyn()n nl“n,3(\“] ) f(!fov

Onder  control of  common Conbrol unil

, , - oinl
* Lach  processer dements (pE) Inchdes an Ay, a floating F

At thmetic oal and 108 King :fgfcfu'

SRS———— : S

Mas¥®y control

ot

—s
1 3 [__’—'! ™My

= M3
L~ ]
' i ) , ’
Ma'n Hemory o , .
i[_-
PEn_ Mfl
S |

SIMD Qrioy  processor OJaMWQh‘O"’

Ml processons -

¢ A MuHi ; NP s
PICRAAEL 15 an fndeyéonnection, of 1wo or more Cpus With,

Memory and inpul-outpul  equipmen |

] _7 2 ' 2
he term proCe&or 1 mulilproceMo, System  @n mean Ether @

cents ] ’ :
n al PTUC(M ’17 v { (CFU) or an fnr»UlJ- OU{PUL‘ P'D((”Y& or CZOP) .

*. Muthiprocessors are  classificd 04 muH"pIé instauction Stveam

muttiple data Stream CMIMD) Systems .
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She mate” din . Suiprocessd-
Tthe main dtalribulion belwcen a mutlicompuler and a mulHipr

. .t ted
System A, 0N mulh’rompufm Syslem comPulcli aye imtcrconnec

&
Wil cach olhen o form a nelwork and 'Ihcj may Or may no

communicate  HL each ofh -

A mul{iprocesd syelem G4 contyolled btd one OPLmﬁna S‘J&‘cm
‘Jhat  provider inferaclion between procestort and all the components Of

Yhe  Sysiem Coopuak in “the Solution of a pwbltm-

+ Mulliprocessing  impyoves The wcl?ab:[ﬂy of the sysdem So -that o

failive tn one pail hes o Uimited effect on The yest of dhe systern -

Moltiproceads provide fault-tolevent , Gf a faull user one

processd- o fail, anothex processor can be %7an68 4o pexfom The

funchons of diaable Procesid -

Mumpwce}.\/sor ofaon?;iaﬁor\. improves ‘.S-Jskm pacfosrmance..
Mul#procw’-nj can improve puformance by dccomPos.”na a .Progmm
fnto  panallel  ¢recutable fasks -
- Thia can be achieved S0 -hao ST
- The vser can oxplicitly declase -that cexlain toska
- do be  fxecukd in posrallel '
The othen efficient kay 1s-lo provide a compiler hat

AY

can au-lmnaﬁéallﬂ defect  paraliclism | in a vcer's pProgram -

. “The cOmpﬂu. checke -for dota dcpcndencj in the ijram.

+ 3f a program depcnds on data ammkd $n anoftun Past,

the PGI{ ‘f'le,ld:ns the  needed data. muat be {1&01"1':({ '{?‘SL :
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ceCoev

—— oD = e -
—t

« Two Pa’t_"‘ of a [’"-’Qm"\ ‘Jhal ofo nol vLSC data vrnunfrrf 67

¢an .
.CGC"\ un Comuumilv.

x
Y 4 orqanided
« Multiproceators are clagtilied by the way theiyr memory 14 0]

L] ' 1 e ‘((‘
A mullipwmuov Syskm RWith common Shaved memory 1A Clamifi

L

" " .
QA a .S‘hmc.l_m_qpp.‘uj 0y *l‘fﬁbl,lyiv(‘{)};p_!c,{ mul{iprocessor -

- o . ! 4 ’()l)r)[ rrurnns!
« Informalion can be ’)(L',Scd ()*J PI“""\\‘] thal in ¢ommon J k,ﬂ_m-.‘./

Y - COUP le d »C’/S. fem

+ Anothey dype 18 the diatsibuted memory of [oosel

ol
< EQCh‘_ P’CCC“O’ CICIT\Cn'« [b[\ Qa IOOSClj COUPIC(‘ SUS{C’Y\- ;)0,’, '{./) 0Ly

P)'l\.h'k_ local memovy -

Tner conne cdions Shuctuies t—
A N NN AL -
« The components that form a muHiprocessor System  are CpUs
Lops conneeked 4o Tnput outpot devices, and a memory onit -

- The finterconnectons hetdween the Componenh can have different

.‘Ph‘d’ﬁml Con#aura’ci’c)n_s_,‘ depending 6n “he nomber of Aransfn paths

. that ave avajlable . -

- Belween the processors and memory fin a Shaved memory System -

. Among the processing clements fn a loosely coupled System.

. theve arve Seveal Ph:j&?m! forms avaslable for Q&'fabl:’shfrl] an

-

intfcrconnectionr  nefwork -
. Time Shared common bus
MUH?POvt Hemory B

Cm&s}:q; Swiich

i Mulﬁs-faw SLJ‘Hcthj nefuor I¢

. qucréubc Systtm Time Shared common bus.
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1. 15me ahaved Common Bos =

-5
SN N~ AN A~

-

1 O'F a . ™

e A common bus multiprocessor System consiake 7

\ £

Memory UAt: 27

nombey of  procesors  connecled Ihioogh a common path 1o & b

Disadvaniange: -

.

1. Onhj on¢ processor €an communicale W¥lh lhe memory ©OY

anoihty procesor ol any  Jiven fime .

9. The oveaall dvansfer rale  within The System 4 limited .
btd 1he ‘.C.pccd of “lhe Single path.
3. past of The local memory vnay be de@f.’ancd os o Cache

‘N\Cmonj aftached o -The CpoO-

L@w‘jun?t!

_ T
@‘}E}{m‘ ()

Time Shased Common bus Oraan?ga‘hﬁr\-

i local bus )
quﬁcm'busr cpu JTop l ‘local l
: ] : Hemory
. controller :

< s = SysFem BOS ' —

LS%&“‘ oo | [op | [l |

comtyolles _

Local Bos : local Rus¢

System bus Shuchwe or motiprocessoxs -
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2. LUHTpoil Memosy ;-
\/\/\- RN N ’\\,\ -

A mol-lipmﬂmtmmj Sqslem employs Separale huces Felween

cach memory  module and each ¢pu.

o The module m-ul_\l, have inlemal contiol f()of( 1o delermine Lhich

Port Wil have aceess o memory al any given fime

. NCmmu access conflick are vesolved by ﬂf.&’nan?”] fixed paiovitics

1o cach memony pO:l-‘
'@L'Oglgﬁcr— The highet diansfy vate can be ac{»:chJ hecause of The

multiple paths. —

Disadvantage *- it Yequinth  CXpenive memor| contiol wnih [aa?c and laﬁtﬁt
PN B R

no.of cabler £ connections -

MM 2
Mcmorj />

modulgy

o N

cpuq |

—/

MoHT po'rb Memorj Orﬁanf:j attorv

i 0 p
® cssber sich-

© Ccontisk of a po.of  Crsspoink hat are - placed at inferSeckons

belween pocessor buses and memory modulay paths. -

« The Small Square fn each Crosspoint S ar Swifch Tthat

dedeymines  the path  from @ procersor o a memo;j module .
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ez ; modu'ﬂ: .l
) ¢ It ¢tppul-lane ottt lranyfers -from alt—memory ﬂ“
(\ulxm\\lt\ﬁr % Suppor -

Y
¢ o Ahe Swifth can
m's""\'“'ﬂl‘uf ' The havdware lcr‘u”ul 1o lmplcmrnl lhe Swr

LAY W

beome quite lmat and complex. @

]

EE it - l My | i
Q

\ 1

a

Cyossbas  Suitch

I} CPU4

l' } DQL'Q addycg; OnJ - .
< control fsom cpul :
¢ _Dato o Mutkiplexes L—‘—‘" | <
| o Address ~ | and | CFUL_
emo S 2 ’
Hodul?, Road [write | Avbitatiors [ < -
loa%c .
Me,mo(f; . CPUB
[ cnable
}
%—_,__-——"
l(___,__,—

Block dfaaw.m of Cressbas Switth
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) vattistage siking oo .
g . te n Aduseinpld

Fwo - outpul ?rﬂuchangc Swileh .

A connecied T 1

T (e B
—_— )

!

B connecled lo 1

B comecled 1o 0

© USiag dhe axy Swifth as @ bailding block, it ia possible

0 bulld a mulistag ¢ network 1o contiol the . communication

between the no-of Sources and destinations -

congider —the b?nasj 1ree

—— 000

00)

;2 = . 010
L I

z 'r.ﬁr- o

= h' B =L e

1l |
SXE 0meaa Siarhi .. MehA A s ;
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* Seme  vequiiy 1\.1nrm-_' can't he  connerted .';‘._:‘m;lvianr.ously.

o
e any {we  Sourcor  carfy bhe  connected A’Jirnul-fanrou,v,lj 1o dedination 8
000 nd ool - s r“-\.'

] £
«In a 4‘10%“3 Coupk«l mulliprocessor Syckem, “the Sousce 14 a procestor ‘

and  devdination 4 mcmm‘-j module .

: @ng\ntif‘ 'fh&\fl(\li'\ = dvansfen The address Gale memory o {rantfa

‘Ihe data -

Ny ’
- An sa S

.il'n;OLJQOSCLj Coupled mu iplocesior .&dsﬁm, both the Sovrce and ==

cluﬁnoh'm are prCM?na climens.

), Hypercwbe Gyslems:—
+ The thpuCubc or binary n-cvbe mulliprocessor Shucture

- 15 a loosel«é COUFICA Scdskm' ComPOScA of N=2" processors,

interconnected in an h—dimensional .bn'”.o'“’:] Mg cube.
. ;E'O_Ch pwoce-sgov forma a node Q{"H:e Cube , in effect it
; contains  not oanI a cpu but also local memory and 2o inter-face.
'« Each P_wce&%m address differs Trom -hat of -cach of biR
n ne‘i%hbows btd exactly one bit position.

+ The bebw %’aurr_ Shotos -the hyperevbe Slvuctuse Hfor n=12:3 —

. .
oll _
(o] \
h 0
i .o uo
1ol
# ool
pik ]
L 00 1o
onc-cvbe 000 100

Tro-wbe Three _cube

A}

{-l&fpc;u;ubc Styuchwe forn=12.3
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. Rmrlinj mc.uaau. ~Huouoh an n-cobe Shwcture may take fiom one

~do n links from a Somce code 1o a dertinalion nodc.

/ ‘OU{'!”:’ pmrcdm( can be Acvclop(-,l b'j (‘ompt)ﬂn]

of the <otnrce node addvecs with the destination node ackH1ess.

MI Aibibation I

Q‘\bﬁv/g{ign; NURP dCCldlnj who gels accers

M ded dca centaally, by F)USmaMCI on

1o ‘lhe bus for d:\l‘lc“nj

L}
I
bog comtzoller.
“the -hantacdion -

"“‘JGUS enly one matfer device p&L bus .

lJiiij tde need)
N

N\o~a A .
 Bus arbitiation Scheme USually {17 {o balance
- Bos priosihy
- fairness ‘
Theve ave three arbitsaton mechanifams  are avaslable

X Da’&d chain :
Each vses Specfal

' eontvol lines -for
* Independent Reguest | axbitration .

2% Poﬂfnj

Qs chain-:-

grant :
b, £ D3
1 Yrrelease '1 Bus rewaé .
[ — bu%' Bus busy

Stepl - 34 bus not busy, maké bus thtusb , Sends -the bug requett
to the bus masler

-

Slhpr:  Masfer activaks bug 3xanb 53 checks The pz?on"{j which

devices have he:’afu,st priosity  USing bus 3ran{ S;';nal.

s which device secetves -the am@t Stqnal 14 fs set
it as __bffj ' f@-) 35 not avalable for
. The othu devicer .
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Slepds Aftey Compledion of work. 1 adzazes dhe bus for Da Will

{aker  the  bue 14‘10!(!.{ and So 0n

~\_Ay_rm_-lknitk! » ty Stmple

) only dhiee exlernal bos liney w‘uho:’

D’n\ﬂdudn*naﬂ % s poos -Fau!{ dolerance

t1) Nasdware [)770 va

' (3) cannol ,asture ~fatrness
Ciey less priovidy device needs 4o WAGL
finite amount of Hme.)

) Tt 18 Shuwe.

Q) pc?n’.n«a -

- [
Busg T 1o o poll?nj [ines
mastey i ‘ }  bus request

|

bus busy
Steps:-

I. If bus not busy makes bus réquest o the maste; .
Q- Masler _polla Btd Checking cach device which have hc?ahf
priovity by pl&ﬁ?nj device: le'A.A on poMting lines -

3. 3 device ack bus aranl can be marked a& bus busv.

Aé/v\afniaja:-

l- No »di’&advan{nﬁu 04 Oa}'s«d chain

N

od- Dldﬂaj“'lc Pﬁor?ij ?I) POSS?HC

3. 14 16 faster -

MVQ.n{ajg ‘.
I» Exiva poll lines should be required

2- polling 78 dde.
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A Independent Requet

———

N u (R
‘\“}“v‘,,,l 7 2y

TEY [

Grant (1) (=%

'\“;{EE‘S:’ Same aa above Three Steps

:'\dvcnfaju © a4 in fasl

[ —

2) ah:nam?c P!’lol”j s possible

D"""d"""ﬁ‘gi 0 an liney ~for n deviees

-

-

Hhat i& Jdpc:-

—— - e

* prcests

P
o

A3

___ Bus busy

Within @ Syskm  mey be fndependent 01 cooperating .

’ . » }_—a
* Mechanism uhc:ebj One Proceis can communicate os excha.nae data,

With anothe  ProceAs -
e Stk of dechniques {or the exchan7c 0o- da”ca’ amony
in One or mMosc [OCEAs -

- processes  may be yunning On one 01 mosc computers

network .

Nh'd apc?
- Information Shaafrlj
. Resource Shan’nj

. Compufah'on Speedup

* Synthroni3aton

Moduldﬁﬁj

- COnvcenience

multiple 'H"_Ca‘h

connected by a
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Ipe Mechaniame: - T

LY NN

<)+ Memage pacsingr gend memager fo ofher poceAter or receive MEAes
L P N NAA - L
Lfrom Ahem . e

» fatablish a communiatfon  linle
. Pl\td&?(rll e
. lnafml
' ’ demnac mesages lwo primiltve optrations, for ~fixed or variable
Siged message patsing - —
- Send :
- TECeive

. M(’Maaﬁ pParsing Systems

+ Disect or indirect communications ~
© Stmmedtyic or Asymmelyic communScations
+ Auwtomatic or Explict bU'FFcrirU

___) é (] [ &
e M?mm~" 5‘Jnchmn‘izaﬂ'on vefers do the Special case

i N’IQAC. —H\f. d(l’c(l USG(J _{0 eommun‘l'cak .bicltwetn.- P-!ocwoﬂg T& Centroi

Ll

Information -

— &ynchronization 14 needed Ho endorce the correck
@q,uf,nte 0f Processors Gnd -to ensure mu}u'alta exclugive accexs o

Shared Wrttable data -

— Jdn mul ProceAsors Syslem Usua.llj incdlude vasious £y

mechaniums o deal With Hhe Synchvonization of Tesourcetr , and

one. 0f -the kr_hn‘.cpue TA

- y
L YMutwal Crelugion with Semaphore
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‘ - i) d Seclion
H(Iluf‘ll Cxclution [~ 1 a PIDIEAL B frecrling e cxitical @

'"\L‘n ne biher ,\j,\((‘(& Can fy(,,,h* 0 {hely C.!?'?/d' b Y ,!'(J(\-

arcessed,

Ciitleat Section ;= A cyidical Seclion St a phece

S ———

ea .
a Shaed yttomee  dhat mual net be (‘murnm“_'] actched

of code thal

Ciif{cal -\(C(!if‘l‘l P}Dhl(‘n\ - 91 iaa code $Pam0n’ Ihat can be (?f(('/y{('f,

—— —

by ene procear at a fime

5 1t containd Shaved vasiable (LvenJ one can Use ) -

—
Piocessey P P P2 B!.C aseé muAL‘ bc l\)—(‘“'}
'leoux(c& il R C unhil ”wJ ac} Chante .
_do

{

Enh'd Cecdton. =) Cenbels the »'Cnhj '
. ﬂeli leck on re_i/uned

Cyitical SecHon —) nothing bot code
EXil SecHon removes the locke 0n reSourcet and

othuy knew that Tt cribcal

Remainden Seckon
Section over

} while (hue) !

SCmaPhosc& i- At s Synchvonizalion ool thal doex nok TEGUITE

busy waiting - 3t 75 denoted by ‘<" and it 8 an integer. value.

0 hat huo contol Signals “wait(s)’, “Signalt)’.

—

Liait (s)

v

while (s<0)do no operalion;

St=$-1;
] block () ! Semaphore $=1 then process
Signal () enter into 1'% ¢ifical Sechion
t S:-—-S-f'l; S=o ,QXH*'-
if (sy=0) .
[ ’ i ’ |
Llake UP (),

PR
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":rn\;]is?ms(‘ Tegper

» —~_. 3
0 (‘nrmhna .’-’ﬁmnphorr c. dl can take non.‘neOa,livc -unh:UC,\ valucs -

NN~ NS~

{al value can vange ever an Unteatricted domain .

(] 7
(2y  Binasy Semaphose ¢- finL value can range oves behween o
L N R i J,
Ny
Locked unloele

or —or

unovailable QVeS lable ¢

Y
Y7 Cache coherence 42—
AN

A~ L N L PN

{

In a Shared memosy muiipsocessor With a Sepazake

cache memory  fos each piccestor- So that , -

+ Metkple cepy of the Same data can exist in the different
caches _S*cmul-fﬁncoufl:;,

. and H pPivcessors allowed o vpdate their own cepies frcely
an fincongiatent View of rr_lcmq.g- can rvesult-

HI’:H’_ policiea -~ Riite baclk, Wik “HamUﬂF\f

— In a wiite back  policy only cache 14 vpdated and e location

, masked So dhat it can be copied later into main memosy -

- In a wte ’thOUﬂh_ PlecB cache and mainmemory are
Updated  With every Witke opesation .

So, cache coherence 4 a problem  of Keeping the data in these

cache eonAisdent”

pPyoCesSess @ @ l__g
caches éj Eﬂ 5}9

{

A
. Shared Ej rj N
r{emcrj = - z

Before updale Wsite —thio uak, \Wisite~bacle
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Soludions to cache coherence

There ase 4o Selutions

-t VH(I)'ARJCUC
- —Seftwme

: 2 ’ . Lfl
ftardware Solationz- 7 py Selution The cache contvoller Specity

cjezsianed {0 allowd it -lo monilos all bus rc'tucxh from CpUS
and Top's
|

Hardwase Solution vses -hoo  Pyetocols

l. ﬂ)isccloil] R;o-locol

Q- Snoopld profocol
Ry Rl |

e T1 collects 9 maintain The information aboul copits of

lines  reside -

- contain Jhe Snformation aboyt Conlent of vaxious lecal caches -

KﬁCP’mj The informadion vp-fo-dale . -
i . Manaaa -The Gaformalion Which caches copy Which line .

i w\lck‘l- onlj Jor leas bu;sc,s nol l(\h(‘}c Scale SlJS'{th.

2 iggpy Coche protocol -

= Distributed vesporwi bility ~for maintaining cache coherence

among all of The cache Controllex Tn -the multipyocessdt-

Bagic appvoach Ts @ Wiite fnvalid ¢ Wrile vpdake

Bﬂf‘ "@j\c/djd E’/"@f"’i— These can be mulfiple veaders but 0nly

onc Wrifey "al a time, only ome Cache Can wiite +o the line .

\l;’\)/‘i\-}t %&k wonm! - Theg can be  matiple WiiterS as el ox

multiple readers -
=) When  processes Wishes 10 vpdate a Shased fine, 4y 1osd 4 be

2ertanad o all Mwe . and Gl farher tndade DB
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Soflware cache solulion. ! -
Y

AN~ LW N

= In dhe slhw bosed pretecol botdd en the cempilex & 0S -

-

S Compiln based coberence mechanitam  peormed an  analysis &
on the code 4o delermine which data items beceme vnsafe

Hfor  Cachiny, and mavk them dhose item acco:d:’nj[?j.

- The 0x Prevent ar\td non-cacheable tems from bcfnj

|
cached.

= - Sodlwage appsoaches Qsc altractive because 1o overthead of

de_leh'rl_«] pyolenHal problema s tyansferved suntime o

ComP‘iLLh'me.

Amportaot Questions

1+ What 1A meant bﬂ PCLTa.llcl procering 9 EXPICL'In, 'nﬂnr\‘}; C[aMu"(lfca'ffo"‘z

a_.lNka{: 1A meant bj pipcl?n’nnj 7 Explain Arithmeltic pipeline.

J

3! F—’(PIC‘-"f‘L InAdvudtion P"PCU!\P_ ;) What are ‘the Con-flicty occaved n Trntruction
| - ’ pipeline;

A- Explain -the k&a&u of Risc pipeline s
5. 5xplain, -lhe conceple of (b veclor P¥ocedsing
L'l")ﬁrmj Pmceruﬁ

6- Khat f4 meant bj multprocestd- ) Explain chasacteristich of M-p's?

7l - Explain -the Untevconnection Stvuctuies fn Mrp‘s?

§- (hat 74 meant by dnderprocess -Avbitvabion: Explain;

= EKPIcﬁn, ) in'h::pvoce(u -communicahions

an 3[3 Sqnchvon‘ng_a:’rfow i

lo . E)(‘Plll?f\ CﬂChC COL\U\CHCC PYDb‘Cm L\j‘rf‘\ ?f‘A QSOL-L’HOK_&'
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