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IT402 - COMPUTER ARCHITECTURE

* Course Objectives :

LB B

* The obje.c.ﬂve_ a{. course is to understand the basic structure and oP&'m.ﬂon af. co:n.Pu‘l:f.'r sasf:efn.

® Students will be able to know the operation of the arithmetic unit .Encludinﬂ the nlaoﬂ'.ﬂmw &
implementation of fixed-point and floating-point addition, subtvaction, multiplication & division.

* To s.b.u:l.& the different ways of c,ommmic.a.ﬂnﬁ with I/0 devices and standard I/0 interfaces,
hierarchical memory sﬁste.m mch:.d.f.nﬁ cache memories and virtual memory concept of pipeline.

2. Williom Si:allf.nﬂs - Ca'mpuie.'r Dramznﬁan ond Avchitecture
3. John P Haﬂgs - Cm'nfsutex. Avchitecture and Orﬂa.t'\zzaﬂm

UNIT-I | Computer architecture and organization, computer gemerations, | Topics Covered : |
& 3 [
von Neumann model, CPU organization, CPU organization, | * Basic Structure i
- g . CPU Organizatio !
Rf;ﬁ;.si:r;r msanizaif.on, Various CPU 'I'ESI‘_‘:IIET., Re,ﬂl'..r.l:et. T'ra.n_f.Fe'r., : Rzﬂ e S?Rqﬂ ;T :
i isters ister Transfer
Bus and Memory Transfers, Arithmetic, Logic and Shift ! o Bus K Memory Transfers :
micro-opevations , Arithmetic logic shift unit. L ® ALU ond s Operakions
UNIT-IL | The oxithmetic and logic unit, Fixed-Point representation : (Raie Commles| )
i |
integer Te.P-re.sen'I:ai‘.u'.m, sign-magnitude , 1's and 2's camPlerrm.rd; | ®  Number Representation H
and vonge, Integer avithmetic: negotion, addition and subtraction, ; ® Integer Avithmebic :
m:.rlﬂpl.ica.ﬂon, division , Flooﬁnﬂ—Point 'repre.se.n‘tmﬂ.on, Floai‘.bw.s— Rl Floaﬂnﬁwpcf.ni Arithmetic :
Point arithmetic, Hardwired. micm*FTos‘ramme.d. control wnitl, ko Control Unit Desisn :
. ]
Control memory , Micro-program  sequence.. :_‘h"l‘_""’_" '_P"'f_ﬂ'_‘“: _Sf‘i_“'ei“'_ i
UNIT'III Ce.n:]:'ral P'roc.e.ssf.nﬂ Unit (CPU), Stack O'raam'zaﬂm, M_emor:j !.r_j_-.pE_i,g: _C;;;gre:;l_:____u _-i
Stack, Reverse Polish Notation. Instruction Formals, Zero, L. CPU & Stack Orﬁmzaiccm :
One, Two, Three- Address Instructions, RISC Instructions and , @ TInstruction Formats |
CISC Ch,t:a.:N:|.c.|:12.~|'r'.s.i:|'.|:£.J Ad.d.‘resst'.nﬂ Modes s Medes of T'runs;e:\; , : . Acld-ressinﬂ Modes :
P'rl'.a"r;.tﬂ In:b?_rrl.a.Ft A Dcusﬂ C.I-uzm.mﬂ , DMA, Input-Output : ® Interrupts & DMA E
Processor {IOP). 'k:‘ EO_P ____________ ]
UNIT-IV | Computer memory system , Memory hievarchy, main memory : !'E:E_Lc;ia;e;e_.d_ ______ |
RAM, ROM chip, auxiliary and associative memory, Cache :' * Memory Hierarchy :
memory : associative ma'PP""ﬂ , divect rru:n.PPl:nﬁ, set - associative | ® Cache Memory i
rna.P.PEnﬂ , write policy, cache performance, Virtual memory: | % Virtual Memaory :
address space, memory  space , address ma.PPf.nﬂ, Pa.ﬁi.rl.ﬂ and :r. Pa.ﬁu'.nﬁ & Seﬁmn‘l:mh'an I
.segm‘kaﬂon, TLB, page fault , effective access time, I\. TLB, Pa.gt‘. Fault 8 EAT —’:
're.Pl.a.carne.ni alsard:hm SE Rt = e e se s
UNIT-V | Parallel Pmce.sslnﬂ , Pipelining General Consideration, iIFJ'F\::.DE_' _Ea:_;v;l ________ |
Avithmetic Pipeline, and Instruction Pipeline, Vector " ipeinogy Cecails :
Operations, Matrix Multiplication, and Memory Interleaving, | ° ;-’fb"- Oﬁ*im |
i v e . ¢ Multiprocess |
Multiprocessors, Characteristics of Multiprocessors. L. Interleaving & Mabrix Mult. !
Text Books : R.e.fe:rence. Books @

1. M. Morris Mano — Compu.tr.r. Sastern Architecture 1. Dawvid A. Patterson — Carn.p;l-e-c Orsmzaﬂun & Desf.sn

2. Carl Hamacher. — Computer Orﬂnw.zahon
3. M. He.n.m.s.s:' & D. Polterson — Ccmpufe\: Avrchitecture

%  Understand Cmpts Cl-mxly , Proctice Reguim-lﬁ and Scere Excellent *

- @ o
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UNIT-T 9. ARITHMETIC MICRO-OPERATIONS

Arithmetic m.[.c.'r-a-che.mﬁan_s are c-Pe:ruﬂmxs Pe:rfo'rme.d, on b;.rucu"a numbers .
These operations are used in ALU to perform  arithmetic calculations .

The basic arithmetic micro-operations are : Addition, Subtraction, Increment,
Decrement | MuLb.PLcaiLorL and. Division .

1. Addition A
Addition is Pe:r{ormzd. u.st..n.ﬂ on odder n-bit Adder E Exomple (4-bit) : \;
circuit . Two bt.ru:u-tl numbers are added A({mm. R1) Sum (Result) | R1 = 0104 (5) !
ond the resull s stored in the destination n bits —> |- ! o I
O n bits : Rz = 0011 (3) i
. T
Tast.sl'&-rk A Gu-'rrﬂ may be Sene,ml:ad. qu Rz) i 2 4050 (B) :
Sambo-l.i.c. mpre.senl:ni‘am : n bits . i C:: i ;
R3 <> R1 + R2 Cin (Carry in)  ———> Cout (Cammg o) ‘- _____ _____ ’
2. Subtraction | Using 2's Complement v Example (4-bit) :
S oo i g Bk | B = 030, 65
i Rz = 0011 (3)
using 2's complement method . P R2 [ e Eomplaei ,
Ba - Ra is I:H . g, [ o} Rz 2's CamPl. of Ra = 1101

complement of Rz to Ri. | . 1ol

Result =[1]o010

! ]
1 ]
| |
! |
| i
! I
: |
| [ Add —> 0101 i
1

! :
! |
]

| i
] 1
| 1
! j

|| Re > Adder |—>
Rz « R1 - R2 | Result in R3 Iﬁmm-r:j — 0010 (2)
;5o Bobm2 b
3. Irncrement 4. Decrement

Decrement a?e-m.ﬂmt decreases the content
of- a naisbu* b:j 1,

Sﬂmbolf.c. mpnser\i,uﬁm-.:

Rit «— R1 -1

Trnerement oPe.-rui:ion. increases the content
S‘v:lmhoha:mfrresento.twrx

R1 <« R1 + 1

Example : If R1i = 0111 (7) Example : I R1 = 0111 (7)
Afﬁz:r Tncrement — 1000 (8) A{ter Decrement —> 0110 (&)

Mulhl::hmi‘.wn is mpeai’ed addition.. Tt requires !

lsurtﬂtm (Un.sl.ﬁnzd.) : A'ﬂo‘ri.ﬂ'un (Un.s-.ﬁngd_)v N

.Addwlhphmrdtonmuhivrnfmdhph&rmﬁ-i | ® Compare divisor with dividend.

L] Sl'w;t mAhPLmd Le.ft I b I'g dividend 2= diviser, subtract diviser
hu; m“u"P : ' e FElse, set quotient bit = 0O

N Rr_Pe:d: fcrr n times (n = number n{ bits). : » q F

- BI'U’Lﬂ down next bit and N-Pm-t
Symbolic representation. : " Euample, () - . e |
| R3 <« R1 x R2 ‘ Ri = 0011 (3) I processed

]

|

! i Sambauc 'rupmserd:abmt. f

| Rz = 0101 (5) |

| : R3 <> R1i + R2 (Quotient in R32)

| I (Remainder in R4)

3x5 =15
L Rmultts M)-OWOiiiL

Su.rnmo-:u ¢ Arithmetic micro-operalions are the basic operations performed bﬂ ALU.
They include oddition, subtraction, itncrement, decrement, multiplication and division.

Lo These cpocbim aretumed v Sdlpaetin mealtion, taillemes: colobpfion wnd; oo, prosssing.

X  Understand Concepts Clearly , Practice Regularly ond Score Excellent 3
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UNIT-II

14. MICROPROGRAMMED CONTROL UNIT
1. ]E E .?. i L N

AWMM“RMLMhMML
ﬂﬂnﬂlsmsmsmiedkﬂmlﬁnﬁamimrruﬁmmslmﬂ.hm
I . . i ; i
2 Bl Di . | 6. Sacl.utn.c.mﬂ ai Micre - instructions :
.SQTAMAMIQZMP—M&%WMM.
ie &MWMWWNM%;
I - MWMMGSMMMW
| ® Call : Saves vebirn address and branches to a asubroubine .
.Mmr&humhhmuhﬂnﬁw-m.

Next Address

Ragistar
Sequmtinl. Mext address = Cuwrrent oddress + 1
Condibional Branch If condition true — PBranch to address
else — Nr_d‘ucvamﬁnl.
i el ;. i Call Biarih b i ibir v ek, i
o Contral M, {ROM) : Stores mi {micro = inabruckions ) . |
m"ﬂ 'W“ i
o Micro-ing n Rna'u.tu-CMIR) Holels tha tere — inabruck | Retuwrn Retwn ts the saved vetwrn address
. ( . . i.- . - }. M- -
% H ‘f:! k‘k : 3 2 |‘ . le*-aﬂgi D‘m‘lw‘tﬂfﬁ
(Z&n‘o,Cﬁrru,Siﬁ-n,Owwflaw,dﬁ.J_ .Eﬂ;ﬁbmﬁ&uﬁjmﬂ.q}dﬂt& s Slower than herdivired control
- . | access ) .
Comtrol Field. Comslibion. Addlress Next Address | [Pressnanny @eginsia ) . >
. | and. L ;
(Combrol. Signala) Select Field Control | ”“f“‘l“P“’“t‘Eu (‘ 5. 4
n bits e bits a bits k bits N S o o Higher cost for large
® Control Ficld : Specifies the conbrol signals te be generabed . ! control store .

OCmdith:lmL:SchcinUmdahunusFrrhaﬁnﬁ.

oMJuuFAA:Srchg;haddnasu‘hhrun:]\tmgz‘t. N N .
.Ndmwwu\‘%#w BHa:cLuuud.stvarvﬁmrnﬂmA.CanfanUru.t
(&qnmﬂal,&nnd\,wﬁaﬂolsmrwh,cdl,ﬁqtum). Fe P 1 C L Unit | Mo { Ceribuol Unnik
5. Working Principle : Implementation. Fxed logic cireuits Conbrol memary (micracode)
1. When an insbruction is felchen , the opcode is placed in TR. | | Speed Faat Slower {memery access time)
Q.Mwhmbmhamsmﬂhmw. | Flesibilit EEF £ s I.f P I.f
B.h#lsn‘muwunsu\kmbhmhulwa. o J E""{j
4, The mitrorindwudioniia, el Tk IR, Design. Time. kenge et
E.MWMMWmHIRauMbWCPUbW oFu'nimm. H“"‘i“mc""“?’i‘*"h.j wawmm ngfwwhm
6. The rext address is debermined sequencer bosed on sequencing i
and condition flags . el ; Best Suitable For RISC,SimfIaISAn CISC, Complex ISAs

e e e e \l 9 APFl.im.ti.arm z
i ple (Penids Sigioncs) : ADD R1, R2 - = Used in CISC processors (e.g, x86, VAX, 68000).
I Step Miere - operation Contrel Signals (Examples) I =% Used where instruction sels ore lﬂl‘sl and complex .
5 po AR o= IR (address) AR _in I = Uzed in Aud':.rm where easy madnf‘mbm A 1-tz|‘uﬂ'|e=|.
; pi DR «— MLAR] Mem _vead , DR _in | = Used in microcontrollers and embedded systems.
| |
: p2 AC «— R4 R1i _ouk, AC_in I | 10. T tant Pai (RGPV E )
1| p3 AC «~ AC + DR Add , AC _in ] | 2 - .
I . R1 | :*MWMN.@WWMW.
: i B " Ac‘wt_’ ‘l_“ I l Y Eoch micve-instruckion generabes the required conbrol signels.
: ,.4,5 SC «~ 0O (End. c-f mn-h—-.lch.crn) I I * P‘S derid the rest a‘ . Rk b :
| I | % More flexible but slower than hardiired eonbrol weik .
(Ackual micro-cperabions depend the architecture)

L_______T_"-' i jn____ * _______ )! i %  Main compenents - Central me':._l, MIR, p—&%m.

| Next Address Gmt.\'ntﬂr, Status Fln-ss.

K Suitable for complex inabruction. sels

Sl.l.r\'\n\a:‘:l ' Mi.cvva?roa‘rn.mmad. combrol wnil uses a conbrol memaery te store rm.c.vvprosrw
It Sm control m.sn.a.l.s h:'.‘l e:m:c.uh.ns micro - inatructions . It s fl:.ui.bl.r., eo.sy to

% Understand Concepts Clearly , Practice Regularly and Score Excellent
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2. RISC ARCHITECTURE *

Definition :
RISC (Reduced Instruction Set Computer) architecture

| Basic Idea :
is a type of CPU design that uses a small | Do more work with hardware and
set o§ simple instructions which can be executed i less with software.
very cy.u:kl.g These instructions oxe da.sl.an.ed. to l =>» Simple instructions
one clock cycle. | = More registers , less memory  access

KE."_‘I__ Features : ] RISC Architechure Block Diaﬂm.m y
@ Small and si instruction set. i
age R Ee— Cembrol
@ Fixed length instructions. | Memory 7 [P
@ Load / Store architectire (data only in registers). | Register
@ Lm’ae ruumber o§ aenml. purpose. 'r'eﬁi.sfexs. :' \ File
® Ore instruction executed in one clock eycle. i k. .
® Hordwired control wnik. |
- . ' I' Me.rrwrr}.j y A 4
@ PLPe.J.Lmnﬁ can be wused aﬁec.h.vd.a | ALU
® Optimized for compiler. | >
I
Tnstruction Format (Tgpi,c.ai, RISC Format) :
31 26 25 21 20 20 i6 15 o]
OPCODE s rt rd. Function / Immediate
(6 bits) (5 bits) (5 bits) (5 bits) (16 bits)

Note : Fixed Llength instruction (32 bits)
Advantages E&F RISC Avchitecture :
* Hialn. speed execubion (most insbructions in one
® Simple and maul.a.r instyuction sek.
® En-s-d to pipeline — higher fl'\rouahput
L La.rse. 'rw.mb-e.r D§ 'rtai'.sf&'rs — re:luces me.'mma

Disadvantages of RISC Avchitecture :
s More i.nstrucﬂan.smaﬂbeneedgd.fapufmm

complex oPe.raﬂms,
o Code size may increase .

1] Ruulu.we.s more nﬁi.stexs { mare chip avea) .
& Not switeble §af o.PPLEan.ﬂon.s req’uumnﬂ very c.ornpi.zx
* Compilers con optimize code efficiently. Examples of RISC Processors :

‘Lesshm-d;.umcompludbdmmdurdt.

fARM, MIPS, SPARC, PowerPC, RISC—VT

P ——— _—
f : R

! {Exam) !

Instruction Set Small and simple Large ond complex | o1 — !
. - i | & SC = Reduced I
Instruckion Lg\gﬂm Fixed. Variable | Tnsbructi Sot |
Addressing Modes Few Mauny ; Computer. i
Execution Time One clock cycle Multi clock cycles | & RISC fiass wwill |
Condrol Unit Hoxrdwsired Mi.crop-raqfa.mmed. H and si.mple. tnstruc- l
Registers Large rumber Small number ;I tions . !
Mn!mmﬂ_ Access Onlﬂ through Load. / Stove Any instruction can access memary 1 * Most "“"’t"'""’c’h'm i.
Pipelining Easy Difficult ‘: m‘“*‘l %:&_‘""‘ :
Hordwore Complexity Less More i 4 RISC uses |
Examples ARM, MIPS, RISC-V Intel x86, 8086, VAX | regl..sbe.rs and pipelining |
|

Sunm'wxg : RISC oxchitecture is based on the principle o§ u.s.l.na a small set 95 simple  instruckions

ﬂwimnbemcuiedhmclockcﬂde.ltisj’ast,efffidmtmd.su;tqblagarmcle.m

hiﬂh. pex&ovmm -sgs{gm.s .
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_2. DIRECT MAPPING

- ¢

M Address Formot
In  direct ma.PFa'.n&, each block o} main
5;M(wbb¢k}a§m¢h&m¢mnﬁ'3 t k4 b = Total :,-} b

The location is determined l"'ﬂ u.sa.n.ﬂ,
the lower order bits n§ the memaory
addvess .

Mappmﬁ Function :

r “\
Ptk M&M(IM):(BMNMM)M(NMO?M@LM)
o :
or
o Simple ond ecasy fo implement. Tndex = (Block Number) mod (2°)
® less hardware cost .
o Foast access. where ,
.Buimmcmtjﬂd'.wﬁsm(wmpoﬂi Numher#&dul.ms' -‘=2k
WM’ : Dfm‘ -
@ The Index bits select o coche Line. Ao G s Haln
cPU Tag Memory
with the Tog stowd in thet cache line. 9
o3 A 1 K—>
@I&Tﬂ.ﬁﬂuﬁhﬂm&.\faﬁiﬁt=iﬁmt. 3
Data is sent %o CPU. Hit
® I not match => Miss. The reguired block 2 Miss &4
mﬂwtmdwhna(rzplac-nnﬂ old data). V& Valid bit
Main Tag : Tag stoved in. cache Line
"3 g
”"'“"ﬂ Doata. Block : Actual data
%I&:
" Mcppi.hﬂ Em\Ph:
Moin Memory = 64 KB (27 bytes)
4 Let Memory Block Number = 105 s Mo el
Block Size = 16 Bytes (2%) = b = 4 hits ) 0 0, 256, 512
Cache Size = 4 KB (2% bytes) Cache, lines. = 256 1, 151, 51.3,
Nmﬁwv‘&:hLUnu:CnduSizE/Btockﬁu Index = 105 mod 256 = 105 2 2’253’514’-“
=i|"z=2a=256un¢s=k=8h&s= = Block 105 will be placed in ————
Tog bits, £ = 16~ (k+b) = 46-(8+44) = 4 bits | Cohe Line mumber 105.
255 255, 541, 767, ...

Address Format —> | Tag (4 bits) | Tndex (8 bits) | Block Offset (4 bits)

Mo | Dbt et 1

v Very eosy fo dasign. | X High conflict misses. ¢ Small and low coct syebems.
V' Requires less hordware. | X When many blocks map fo same line, | ® Instruckions cache (I-Cache) in
v Fast access time. performance d,.amd,u many processors.

v Suitable for small cache systems. X Not efficent for lorge programs. | ° Systems where simplicity is

MhDLMMWﬂ,MMﬂ?ﬂM&Mhaﬂﬂme&mh RGPV
using Index = Block Number mod (Number of Cache Lines). It is simple, fast and NOTES
HUB
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UNIT - IV 1T402 - COMPUTER ARCHITECTURE { Rapv
L (1] o0 s —@ NOTES
10. PAGE FAULT P
Deimtmn. Hows Pa.ﬂe Fault is Handled ?
A Page Fault ocecurs when a process @ CPU generates logical address.
i‘.ﬁu}.ua:.msn.'?o.ae.ihatismt @MMUMF&%&MI‘.-
'P-r-uantmmnmmmrﬂ(RAM) @If Vﬂ]id.hik.=i—9pa3¢.l'|ﬂ'.(nmnml. access) .
Tl\mmumn.l_::&giniheopembnﬁ @IfVali&.bi.t:O—)Pa.gg.FaultTmPLoOS.
system. The required page is then (® O0S brings vequired page from disk to o free frame.
broual\if*rmmnduxﬂ&bruﬁ&(dﬁk) @Pog&hbhuufduhdwdmsfrucbanawubﬂed
miommmmortl Hit —
o Losn.m.l. " (Valid=1) ourt: Flemory
SR Sl CPU 7| Address 1 bl i (RAM)
Couses of Page : G
lThLPq.at.iamtinmnin‘NWFﬂ. L(VM-O)
¢ The poge table enbry has Valid/Iwalid bit = 0. )
-antufmmhmpnﬁs(mm.?uhmﬂms) P“E&Fn“'&' > Disk
.Pr.mssmpped.m.ti:nwm.ke.a Tm'FbOS ( J
b | popa St )
When Paae. Foult Ocewrs ? Pnﬂg Table Eni-r!.' Format :
immﬂfbwhih&c‘ﬂwlpﬂahbhu&nkﬂ_ Number Bit Bits Bits Bit Bits
leﬂnmaumhsminhrmp&(hf)hﬂuOS. 1 bt .
nbts | (=Valid, | | on o/t
ehe .
0 = Irwalid )
W-i—bpnﬁai&inmmorﬂ.
W-Oﬂpaggisnothmorﬂ
(page foult if accessed).
Stq:s in Ha.nd.'.-nﬂ Pnﬁ: Fault : Tlustration
@CPUnfcmnmchmgt- ! ¢ Page size = 4 KB Valid bit = O
@ MMU checks page table. » Llogical address = 20 biks (Page mok in memory) =
@  Valid = 1 — Conbirue (no fault), o Example : Page rumber = 6 is rob in memory. o
@ I Valid = 0 = Page Foult Trap. lemary
@OSd\mlt.s.nfnfemnwld : P
+ If involid — Abort the process (Sagmentation Fault). [ A g >
'I!whd.—)&nhnu ......
® Find o free frame in memory. h J Bring page 6
Ifnntaumlnﬂa—’”urnﬁ:ruplmmnt Pnﬁr.Nu. Oﬂﬂt ¥ tqugfmma
algerithm. to select o. victim frame. (p) (d)
(® Read the reguired poge from disk fo the selected frame. Disk
(® Updote page able and restart the instruction. o (Swap Space)

g of P Foalli

. Mino’r(So:t) Pnﬂ:%:%ﬁ;hmdﬂ
thm,mmhm
'Pm.l.hz..
mndfm»h:khﬂstwt(djsk)."f‘mmdrg.
¢ Lwolid Poge Foult : Reference fo an iwalid
poge ok pork of process).

Eﬁuﬂ.w. Access Time (EAT) :

l EAT = (1-p) x ma + p X page. foult_time l
where |

p = Page Faulk Rete
Puf.f-ull_bim-.ﬁm‘hhnndlgn.wfwu‘.

ma =

Adasuges

Bisadiuntoges ¢
X Page foult handling is ime econsuming.
X Requires extra hardware and 05 support.

X Thrashing may occur if page faulls are high.




IT402 - COMPUTER ARCHITECTURE

14. ROM (READ ONLY MEMORY)

Definition. :

Read Only Memory (RON}i.saiH.pe.ajnm—vulaﬁh

stored in ROM can only be read, not written,

hthOMatthaﬂmaofﬂmfachrinﬁwbﬂ

& Apobiel. prégpamming prbcis,

. waoln!:ihnwucdnh;ntn&w:lammm
power is OFF).

program. (firmuware).

More reliable and slower than RAM.

Lower cost for large wvolumes.

»

Basic Organization :

n Address
Lines —
(Ao T A!Ll)

p 1 Ad.d;miﬁpln:dmnddreullnu.

RGPV
NOTES
HUB
M 2
emary
Cell Matrix - :"S
(2“ x m) nf )
0""*'?‘"* | . m Ou.I:Pu.l: Lines
Bu.ffer ':-Dn = W

2.&&dﬂudﬂwdnrul¢dsfk¢wﬂuﬁpuﬂdh\ﬂwmdinhmhix_
3. The stored data (m bits) is read through oubput buffer.
4. Data oppears on outpub lines.

To ROM : Comparison: ROM vs RAM
1. Mask ROM (MROM) : Fasokire ROM RAM
D&nu:ﬁrﬂmﬂd&mﬁm}ﬁnﬁmﬁeuﬂnﬁnmﬂsﬁ Full Form Raw:lOr\LH R
2. PROM (Programmable ROM) : Vatilly Ren-welatiis Nelakls
User can program it once using o special programmer. Read /'Write Rend.Oan(Nm'mnuﬂ) Read & Write
3. EPROM (Erasable PROM) : : Data Change Not easily changeable Ewlﬂ changeable
4. EEPROM (Electrically Erasable PROM) : i S  de P e
5. Flash Memory : plogam Smcalion:
A bype of EEPROM that can be erased and written in blocks, Cost Lower for lorge copacily Higher
widely used in pen drives, SSDs, ekc. il BIOS, Firmuare, Embedded Main. memory of
code cnfnfu.hr

ROM Cell (Example - NMOS ROM Cell) : ROM Addressing Example (23 x 4 ROM)

A ROM cell stores dota as a funul conneckion. . Vpp Addrese Ve M Ontpul; (4 bits)
Two states : R, (A A, Ao) ) Dy | Dy | Dy | DBy
1 = Connection present (Transistor ON) 000 0 1 0 1 1 Hom: 5 clbiowtt: Boay
] . i 001 1 0 1 1 ) seleck 1 ouk of 8 words.
0 = Connection ahsent (Transistor OFF) i Each word has 4 bits
_ (Data) 010 2 1 | 1|0 |1
Lite ~—|['m | 011 3 g (o1 |1 | $%=
(Select)
Bit Line 111 7 1 o] o1
Applications of ROM : Advantages : Disadvandages :
.SbmboohthF!oarumhmmP\d:eu v Non-volatile - data is retained KC&:M&MMM:,
® Used in BIOS of o computer. v More veliabls. X Slower than RAM.
¢ Stores firmware for devices. v Useful for : frequently.
L] X Less ﬁuu.u.s

Used in lookup tables in digital systems.
Summary
ROH(M%MM&)&@M-MM@WUMbMWMMM.

It allows only read operokion during mormol use and is widely used for Frmware, BIOS

RGPV NOTES HUB X
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NOTES

_4. PIPELINE HAZARDS s

Definition. : Basic Idea :
AP”LPelhuHum-disncmditintM T ikl plodirin orin: Snabiuckk et in every
e e e clock cycle. But due to certain situations (hazards),

plpelia from ssscabing: distrg: Us i , e
Mﬂdﬂﬁk&ad& Hazards reduce H“P‘f"l'““"mtwi(stnﬂ)ortakem@m,

. Where Hozards Occur ?

Hozards can occur bebween
instructions that are close to

the efficiency of pipelining and may Wik telie i stream while they are in

(stall, forwarding, flushing, etc.)

1. Structurol Hozards 2. Data Hazards 3. Control Hazards (Branch Hazords)
lOmwhmtooormi.nstrudimsg ® Occurs when an instruction depends on o Decurs when the next instruction
mdhsmhmmrmnt the result of a previous instruction still to be exaecuted = nobt known dus
the same time. :_‘ﬁ“"‘f""“" to branch/jump.
- . [ % Jypes = ] .
. E"“‘"'Pl"‘- ?"“"“"“"3 is used for (i) RAW (Read After Write) ® Example - Conditional branch, jump,
* Solution - Provide separate hardware (i) WAW (Write After Write) o Solution - Stalling, Branch prediction,
resources or stall the pipeline. i

Solubions. = Forwording, Stalling, Reordering, Pipeline flushing.

(i) RAW (Read After Write) (i) WAR (Write After Read) (i) WAW  (Write After Write)

'N.socojled.Tru:Deguduw:ﬁ. IOOG:MNHMMMMMM * Deccurs when bwo instructions write
® Instruckion reads data that is written . Mwm&e&(rud)bsapmm to the same location.
Example | Examgle
T1: ADD R1, R2,R3 ; R1=R2+R3 | T1: SUB R1,R4,R5 ; reads R1 . I1: ADD Ri, R2,R3  ; writes R1
I2: SUB R4, R1,R5 ; uses R1 | TIz: ADD R1,R2,R3 ; writes R1 i I2: SUB R1i, R4, RS ; writes R1
Here Iz depends on resulk of I1. | Here Iz writes R1 before I1 reads it. | Here I2 writes R1 after I1.
Example - 5 Stage Pipeline (IF, ID, EX, MEM, WB) :
Clock Cycle — 1 2 3 4 5 6 i 8
e Iz needs R1 which is
. IF ID EX MEM W8 I :
T4: ADD R1,R2,R3 producad by T in
WB ce 5).
T2 : SUB R4,R1,RS TF ID | STALL | STALL | EX | MEM [ wB segs, bayek, &)
{Rﬂd |.|__ |)_ Se pipeline is stalled
Is : AND Ré, Ri,R? IF ID EX MEM WB i A ey
Techniques to Handle Hazards : | L E le (RAW H 0
1. Stalling (Insertion of Bubbles) =~ Pause the pipeline by inserting cles.
: b _ " N | I o EX o MEM H w |
2. Forwa:dmﬁ EEﬂFﬁssll\ﬁ_) = Directly Jorward the result Jrom one stage to ancther without ;
wailing for it to be written back. E——a
3. Branch Prediction - Predict the outcome of branch to avoid stalling. [IFEID LExHMEMngl
4. Compiler Scheduling - Reorder instructions to minimize hazards. T ¥
Advantages i Disadvantages / Limitations : by Vel

MPWHMMMMWmJMSEquWmuPW.
MM&MQW-SM,MMMHM.MMMMM
wm%ﬁ,w,ﬁwwwwsw

X X X

LN S K
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