
*CPu(Centad procesing unit):

� bram of Compute

CPVCyde - Time cPu takes tPerrcm �-oP

*ALU (Arithmeie Logie udt):
Input -opevemds

cPu Cycle Time
clock Rate

CR1-6 a�

�CPI (Cyde pex Instehon)

Execuhan ime

- fer 1 Insh cPL X cycle Time

cPlavg
clocK Rate

hrncien

oPeraton
Code

(from

Contol

Unit)

ALU

/AC

Result

stahus
stots os

flag Register

fm Instn � * CI *Cycle Time

�T
clocK Rate

Cakdaton ot cPoy

Total No of Cy cles

Total No of Fntyn

�MIPs (millien Fngtve tien pey Sec)

�used to Rve cPV Perfermamce

MIPS
No- of Instrn

Total time xio

mIPS
oK ClocK Rate



*He� aha Tomser fem R, to Ra

R� Re : RAou Rein

Numue of multplever -Sxe of Rgiste(� bits in Rg se)
Se � mux Nm bey � fegstrs

Assime 4
Registrs nd Reqiskr sixe is 4 bit

So

Line

CB

4X1 4X1 4XL 4x1

32 1 0 3 2 1 0
7�ff 321�

Dj C B, A

8, B B.

321o
D, Bo B, A
Az A, Ap

1

3 2 1 O 3 2 1 0

S. Regis ky selected

A
1 B

3 2 1 o 22 1 O

toy (o,o) � Ra Enabe and data Come at

Conmon bus

fer (o,)� Re Ena ble md data trnsfer

frem Cammen bus to Regskr8

* Data Patthi

A-Bus

IR

IN

�Adhess RegseY

IN OUT

>1- Rcgiskx

IN cUT

IN OVT

PC

muX

ALU

from memny

MUX

Dta b
memey

Fetch i

1)AR� PC

2) IR<m(AR]

pc+Pc+1

IN



*Conol �mt :
-� henerates Control sigmals ond sends to

Vaievs Components of Computes

-� Nome ef Contol signal � Conrl ve abie

� Control werd- Collecim ot
sigmale

generated by cu)Hord- �ed Conchol �n :
� Contl Logic is impemended with hates

tip-Popsand �he dagitod �lechenics

cint.

C3 be cpimxed +to Produre a fosler

mede of operation.

Re
aranging

the liires among Votous

Componente is d fficwt.

Ta

S

to Condrol Signas- (S;-Sio)

ind booleam éxpts Ssrd Sio

Ang

Ss1i+�T +IT + �4T1 +

Sio

Sio

�R

DECodeY

Sia- l2T2 +I+

()t+

+T4 +I2Tst

I4Ty

+�Ta +{5+)

CLK

Control uit
Sligs

Timing

geneuto

Lnstr

Time

� Bosed n the table Bocleon fetml a (en)

is Created

2mico -Proframmed Contl uniti

> Control Lagie is implemented witt

mioe- pPrograms.

@�dai te CordolLagic is

Eosyesleuey tham hod uved Cnhd �ht

Cw

C�
Cw
Cw
Cw

Cw

Contol memog



n an ddhe in Conul emy
Cntad wm Ske (4X)

micw oahve n

Nevt Addeas

(seqvevey)

�-Ped eu deslynenne -RAm nBR ,�R1
Decode

CaR Rom CAR
unt(st) (cm)

Nex

Covhe)Adhes

Regisky

Base tw

�- Instuetn urn

memeg
(Rem)

Regisk
Conhul

Wavd

stmdnd micw-Jrhueon fonat

signals mxseleet Next td

CConhu Lwen )

Cansides a cpu

)120 Conhol signal bits

sgnds mor ceteet Next add

)tcinpt mox

a) lk cslinet Jash Soppted y cev

G4 l-oreyadin pey Frshyn,

Sel totoal No of hicn hsh 16XG�

|ogCondd Fied

Cardd memng
Conditien Dddregs

one of a syskm!

Suppurted

Bvavch Covei Cm-Cntol memert

Eg-4 BC

Lg,(a)oit

Contnol sgnal

Decoded Format Entoded otmat

(Hon�nhal A Pogam) (ve-hcal � Progam)

�I bit /1es �n bt c-s.

Eg- a bits > 3Cs
E -bit -gs

8Cs > ebit

120 4 |0



.Horžental -pograming -
� Control signal

Express in Decoded fotmad

1 bit � 1cs

� S�Ppa Lorgy Conol Lerd.
2cccS 200bt

-No Needed of Extenal dececex

� flexibe Comfaed to Heduired

Fast than VertCal

� Suppeats igh degree Perralism,

.verical -u -progrommirg

�Nuneloe)

� Contl signal epresented in &nCoded

foxmat

n bit cs

SuPrets Sherted ccmtol werd.

200 Cs � bit

�Need of External decodey to generate

moe flexibe

� slo) than Hartonta

� suppt Low degree Pvallism

+ Defaut- Verical A pogrommirg (egs)

� (Redvted Instvetion seCompte)

Less Nunbe �f In shrctes

-� Fixed Length Irnstreton

� SimpleInstvehons

Lini ted Adohessing
modes

� Easy to irmplemen using horduid

Contol t.

� one (ycle per Frgteton

Regiskr t Regiskr Aithmeie operahon

only

� Mere Nrmber of Registes

� Complex Fngtnnchon set Computey

� mre Nmbe of Fngtetong

� Variable Length Znstetong

� Complex Fnstens

� more & Complex Adhregsirg modes

� fficwt to Fmplement usirg harduired

Contrl t.

� multiple Cyctes per Ingtm.

Regiskyo memny memay to

Reqises Atthmetic operationg possibe

Less Nmber of Regiskes

4 RISC is prefenable te Pipeline Cpv.



mico-operatong i

We have Small -Small operaion in

feteh cycle & Execute Cycle hese

Small opevation is Called ' mico-

�Pevohos'.

• These e Elementny op in the Hardwe.

.micno- opevahom Consime l cyce to

Com plete the execution.

Contral signals
re Yequred to

execute the mc opeaten

Machine Inshn :mov o,�1

RTL(Regis ker Francfer lang): tY
mico -operatin:

T: out Yoin

1)Feth Cyce:

T,:Pc � MAR PCout MAR

T,: mBR--m[MAR mAR� mBRn ]SB

Pc�Pc+1 Pet n

T2 : IR�mkt mBR �Rn

Tsis Calied �- Prrgamme.

� Rukes foy -opevatien Crufing:

• Pro pey Sequence must be followredl.Conficts must be av�ded

• must not read amd uite Seme

rgisty ot Some time.



*Sofhaere Inem�pt -(Ralsedd by sr)

�nusal evede Hho daspts the m33l
G These ae special CaJi Jastetion

executn of he Program.

that behave Ke m Intempt

�when cpu receve Intempt
Tathey than Submtine Cais.

)�+ Ccmplehes executen �f cum Inshcn
Eg Superisor Cai Instn (Sv)

2) Saveg +he stdes stahrs (Pc,Psu ehe) �f

Cnent Proces onto he stackK.
� The H/) Inemt which Cen be

3) Bramches to senice the intept.
delayed When mueh high Primty

4) Resumes the prevous process by taKing Intompt has oceured at the

ot the Vahes fem stacK Same Hme.

.TSR Tntmpt Seree Rahne) *Nn- maskable Intemupt:

A Rautine ax fmchion exeution of which
� The Hhw Itept wich Can not be

Senices the Intemspt delayed.

vecter Addhess :

Address oY Referene of IsR *Vectored Intemupt:.

IvT(Indempt vector Table):
� DEHce sends Inteupt ndvector.

This is a Port of memy,where the *NT -yectored �ndemupt:

ISR ne present. � Detce sendsmly Intpt
�Each ISR must End wh IRET �cPU exetes a detaut seceRne

(Intempt Retn Statement) CPU cbhan loCahn of achual �sR.

* Hordulere Intemupt:. (Raised by H/o)

� External Irtpt (Asynchrono)

Comes from I/o devices r
Timing des

• from c'rit,Powey Supply et.

. Exa- Ilo Intempt

Pousey falre

Hrrdwere roY

Timea�

� Intemal Intrept (synchrono)

Arises fem Tliegd
Y Eroneos USe

of Instietion data

Also kneum as TrapS,

Ileg opcode

Regiskr ovevlow

frefoul�

* Time Requred in Intempt Io

=Intemupt Service
Overhead +
time

Hme

* Simul taneovs Intempti.

Tf 2deices qeneate the Iempt
Simultaneovshy hen highest mhy

devced Jntept Seyrces �nt



*frianty Based Indempt Handlingi

Softwere soj

H ordwere So

Rim a pogram

Resahre he piaity Setal Paralle)

(daisy chaining)

•Boes Itempt stvetret

RST Ts

(Hhw Intemupt
�RST S-s

RST 45
(Neon-vectored)

Trap

TNTR

Prioiby

2
4

VADJ

Dce-�

VAD>

D-2

VAD?

D-3

sw Inempt) � RSTo

RST 1

RsT 2
RST 3

(A ectored)
RST 4

Itempt INTR

RST G

Intept

Acknoledgnend

|INTACK

VAD vectoY Adhhess

INTR - Inteupt Reqvest



*Flynn's classihcatin of Computeri

1)SISD (Sirge Inshe ion sigsigte

Strem)

)SIMs (Sngle Tnstehon mutiple Data

Gpipeline srem)

a)mIs (multirleInshrethon Smgle Data shreom)

G Theeretcal

a) mimo( muiple Fnstrehem mhple oda shrom

G multiple pipelinc

SISD

Is

� This is usekl,when Sore Processing

is apphed over muliple Inpts.

� Technique to decm pose a sequentia

Process into suboperaiors ,
Sub-opevationg erre perfermed in

Segmends

Task:me opr pefamed in ah segrnents.

-> Al se ments pesformed espective

Sub-operationg Prallely.

EXa - A; * B; +c; for i= 1,2,3,4

R�A, R2 B
R <Ry*R

+SImD

�S Pur>mv
DS � mu|

IS

• DS -Data strem

- PU - Pr cessimg Unit

clock !

Pulse

�

CA

Cs

sgmendi seg-2

As B� A*

Ag |ApB

Ag Ba A*B, C2

Seg-3

AB+1
A*+�

Aa 4t+�

+tnImb -

IS IS
Py

DS

mv

Non- Pipeline is a sequantial pro cess

Non pipeline Pipeline

is Cyces �Cde

I8 (ycles e (ycleg



*Pipeline (yde time:
min time in lsicd all seamenk Con

Pevfotm theiy especive sub-operaion.

Total Exccuhon time No- of\x Cycle

cycles tme

-� when ime required to perform

is Eqval to in Pipeline o
Nen-ipeline

both

Considr K Segmend pipeline

uth clock Cycle tme tp
to pertem n tasks

� Time requed to perfam 1 tosK–

K*tp

� Time veqired to perfom remaining tosky

(n-)*p
Total time (K+m-1)*te

Consider a mn-Pipeline

tn is time to pe forcone task

-� Time Required to perfon n tosKs-

+ Performame e ofPipeline is givenby

Speed � (S)

Nen-Pi peline ime ETeS=
Pipeline time ETp

(meK-)�

�hen

S=

S tn
Snax

* Types of Pipelining'

1) LineoY Pipeline :- ALinert Pipeline Cansiste

of a seqene of prolessing

(
Stoges where Each shage

(uni directi on)

Performs a speeific task.

2) Nn-Linear pipeline i

�may have multple Paths

�Cons ists Reservoahn tabe.

CLK

3) Synchronovs Pipeline:

� All stages operate underGan Cammen elocx

siana amd daha is tonsfeed eg�ay
clock Indevals. (� Comsists Beffess to

stere dta)

4)Asynchronous pipeline:

-� £ach stage operate Independently lsthat

a global cLK.

Daka is Pasied �dirg hadshae gma

s)unfem delay pielinei

� All pipeline slages hare egral precessing

delay /ime.

)Nen uifom delay Plpelinei

�stoges have ditfevent pncess ing delays.



Casei -when ufem delay :tp=Stage delay
Cose- uken umiform delay eipeline with steg

buffex delay : tp S�g buffer

delay delay

Cose ahen uni fecm delay with em- unforn

buffer:

tp Stag 4 Max (bufferdelay)
delay

CosetN -Unifrm sage delay Pipeline With

SKew time overhead

tpsoge delay +skew ime overheod

Cose-- Non nferm Pipeline wth buffey delay

tp=mar(shog delay + buffer delay

* Lateny amd Trrou ghpud i

�Atey hel much me,neu nput s
given to System :Latency

Pipeline- Latncy tp

Nen pipeline- Laeny =tn

� No. cetass Pe unut tme

Thrughput

Pipeline- Thrghpu
(K+n-)*tr

if nK
Throghpt te

* Insteion pipeline:

Assimes sqment Instehon Pipeline

IF - Insteion feteh

DA Decede ond Address Calcwatn

orermd Feteh

Ex - Execuhon

uite Back
clocK Cyele

� 10

I,IF DA OF Ex wB

�F DA oF ExB
TF DA

IE DA OF Ex u3

IE DnoFEXwe

If Thee is decode d a brneh Ihgln

hen Nex+ hsh ill emeve and pipelin e

�i Jet fer eg�t cf branch Tnain

Condition is evailabe

(Regu�+ uill be avallalle dFey execulion

Phose)

Remere Inst are also teth agan.

�In his Pipeline takes Seme

€xhra cycles , He are alied sali

Cydes.

Totad No. of cycles =(K+n-)+ Total

Stall

cycles

If branch Cmdi tin i s Evalvated in ih
place-

then No. of stal (yckes = i-1



* Pineline Haod-
�sitathoms thoat Prevent the mext Inshh

fom being ereuting drtng its

designated ckock eycle.

Causes pnblem i n Smoefh execuiem

ofInshein in pireline.

Types

1) stehal Haiovd /ResoNte Conflict

)Data Hažnd Data Deendency

a) Conhut Haxd /Bvmch aiffiuty

12 different seqments ty to use

Same esenre at sme time.

Exa ml 2cyde

ADD1yce

mvl - IF DA E� EX uB

ADD - �F DA OF EX ug

Solutien 1) TnCYease tall cycle

� aa Haxd:
Rest of m Instuetn is used as

input in mert.

IF DA oF E�

i+1 DA

Solukon olf dala depevweng isPovidsd

by CompileY.

Soluien dekyed Load

� Ts rs a Sefhuere Golulior

H/w Soluin (when fipelne dtat

Ww Intesleck �rmd forwwdi

hauing
stalls in Cose Byfasig

� da deredeney

i: IF DA oF EX wB

�FDA - oF EX wwe

* olemd Ferdardig (No stall eydes)

R

ti: IF DA OF €xLuB
OF

� use for ALu to Alu depemdeny ,bt
fex ALV to memy ey mem eny to ALV

Stalls e required,

s)Control Haxad -
It ocCus dve to brmch Instn

� when CpU de Codes m Instn om bromch

Imshn �hen cPU has t uaut +5l brnech

outtome is available to feteh New

Inshetien,

�A foenevel Ins tyn pipeline Connot

detect data depndenty.



�A heneral Pipe line Con not detect the

branch problem -

Then Compler pruvides Soution � Delayed

Brarch

(shw Solh)

C
i: bremch

s/w:- delayed Load

� Hwi- Hho Fnterloek, bpernd

fonsrdin

2) wAwi- (False dependenry)

juites in a desknaen beforei umteg

i:brmch IF A i:R,<�+
No IF DA j: R � Pa*Rr

IF DA OF X

FDA � �AR :- (Ah-dependeey,
ase depen)

Ne operahen or ndependendt Fnytn
juites in a dehnaten betere i

reods it,hence l incorrecty reods

- H/o Sohutien •brmch predictien" new vade

Tt Pedicts �heolhey the Cuerd braneh
for betth

Instn ill take jump Y net
Scto - Reister Renaming

predicten is Carect NopPbiem
A end wAR.�f redichen IS urorg Roll bacK to

.In Ideal Cote

take eoect path.
Ppeline Efficlen (s)-�tp

classifcatin of Data Htazevd - bc��fHKdc achrved Speed -S

� 1) RAW (Read Aftex ite)

2 � (umte AFte ue)

a) wR(uite Aftey Resd)

Let Tie There
e Twe instn ,1cnd

+ fertemane brvaien of pipeline

nd i sheud Exerute befere i

with stels:

)RAw: (Tve de pencer)

If i eads a Sore betore t is uritten

byi, henie i intemecty
get old vae.

S=

• Auq. ET = Covg� CiK Cycie Time

3:Rs �+R4
S=

= 1+ Ag No. of stalls jFrsto

K

1+ Nu ct stals/ hsta



t Ng- of stals tren brench

Brnd peralty * Brsneh freg

*RISe Pipehme -

+ Bronch penalty I-1
1) IF-Instehon feth + PC

The shag t ich tonget z) ID - Instreton ecode + Registes

(s araiable.
Reod

+Terget Caladain ter branch Frghen

+Conditon check and pe pdtn

3) Ex - Au �peehm

4 mem - memery Actess � Lbd Istoe

s) B .wite back Regutt in Ryst

Exa -
e=A+B

C,A,B re

I: Lod Ry.[A)

�: Loed R,,[BD

7iADD RI,

Za: S tort Cc], R1

hemey opercmde� CA]

R� C8]

R�Rs +
Le3�

I,:IF
�:IF

LD mem

IS Tnem

ID Ex

IF ID nEm


