Digital Design and Computer Organization BCS302

1.2 FUNCTIONAL UNITS

A computer consists of five functionally independent main parts: input, memory,
arithmetic and logic, output, and control units, as shown in Figure 1.1.

The input unit accepts coded information from human operators, from
electromechanical devices such as keyboards, or from other computers over digital
communication lines.

The information received is either stored in the computer's memory for later reference
or immediately used by the arithmetic and logic circuitry to perform the desired
operations.

The processing steps are determined by a program stored in the memory. Finally, the
results are sent back to the outside world through the output unit.

All these actions are coordinated by the control unit.

We refer to the arithmetic and logic circuits, in conjunction with the main control circuits,
as the processor, and input and output equipment is often collectively referred to as the

input-output (I/O) unit.

Information is either instructions or data. Instructions, or machine instructions, are

explicit commands that

Govern the transfer of information within a computer as well as between the com-

puter and its I/O devices

Specify the arithmetic and logic operations to be performed.

i
Input Unit Arlthmem
Logic Umt
q Memexy
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1/0 CPU/PROCESSOR

Figure:Basic Functional Units of a Computer
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A list of instructions that performs a task is called a program. Data are numbers and
encoded characters that are used as operands,by the instruc-
tions.

The task of compiling a high-level language source program into a list of machine
instructions constituting a machine language program, called the object program.

1.2.1 INPUT UNIT

Computers accept coded information through input units, which read the data. The most
well-known input device is the keyboard. Whenever a key is pressed, the corresponding letter
or digit is automatically translated into its corresponding binary code and transmitted over a
cable to either the memory or the processor.

Many other kinds of input devices are available, including joysticks, trackballs, and

mouses, Microphones.

1.2.2 MEMORY UNIT

The function of the memory unit is to store programs and data There are two classes of
storage, called primary and secondary.

Primarvy Memory

» Primary storage is a fast memory that operates at electronic speeds. Programs must be
stored in the memory while they are being executed.

» The memory contains many semiconductor storage cells, each capable of storing one
bit of information. These cells are rarely read or written as individual cells but instead
are processed in groups of fixed size called words.

» The memory is organized so that the contents of one word, containing n bits, can be
stored or retrieved in one basic operation.

» To provide easy access to any word in the memory, a distinct address is associated
with each word location. A given word is accessed by specifying its address and issuing
a control command that starts the storage or retrieval process.

» The number of bits in each word is often referred to as the word length of the computer.
Typical word lengths range from 16 to 64 bits.

» The capacity of the memory is one factor that characterizes the size of a computer.
Small machines typically have only a few tens of millions of words, whereas medium
and large machines normally have many tens or hundreds of millions of words.

» Programs must reside in the memory during execution. Instructions and data can be

written into the memory or read out under the control of the processor.
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» Memory in which any location can be reached in a short and fixed amount of time after
specifying its address is called random-access memory (RAM).

» The time required to access one word is called the memory access time. This time is
fixed, independent of the location of the word being accessed. It typically ranges from
a few nano seconds (ns) to about 100 ns for modern RAM units.

» The small, fast, RAM units are called caches. They are tightly coupled with the
processor and are often contained on the same integrated circuit chip to achieve high
performance.

» The largest and slowest unit is referred to as the main memory.

Secondary Memory

Although primary storage is essential, it tends to be expensive. Thus additional,
cheaper, secondary storage is used when large amounts of data and many programs have to
be stored, particularly for, information that is accessed infrequently. A wide selection of
secondary storage devices is available, including magnetic disks and tapes and optical disks
(CD-ROMs).

1.2.3 Arithmetic and Logic Unit (ALU)

» Most computer operations are executed in the arithmetic and logic unit (ALU) of the
processor.

» Consider a typical example: Suppose two numbers located in the memory are to be
added. They are brought into the processor, and the actual addition is carried out by the
ALU. The sum may then be stored in the memory or retained in the processor for
immediate use.

» When operands are brought into the processor, they are stored in high-speed storage
elements called registers. Each register can store one word of data.

» Access times to registers are somewhat faster than access times to the fastest cache unit

in the memory hierarchy.
1.2.4 OUTPUT UNIT

» Its function is to send processed results to the outside world. The most familiar example
of such a device is a printer.

» Some units, such as graphic displays, provide both an output function and an input
function. The dual role of such units is the reason for using the single name I/O unit in

many cases.
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1.2.5 CONTROL UNIT

>

The memory, arithmetic and logic, and input and output units store and process
information and perform input and output operations. The operation of these units must
be coordinated in some way. This is the task of the control unit.

The control unit sends control signals to other units and senses their states.

I/O transfers, consisting of input and output operations, are controlled by the
instructions of 1/0 programs that identify the devices involved and the information to
be transferred.

Timing signals are signals that determine when a given action is to take place. Data
transfers between the processor and the memory are also controlled by the control unit
through timing signals.

It is reasonable to think of a control unit as a well-defined, physically separate unit

that interacts with other parts of the machine.

The operation of a computer can be summarized as follows:

>

The computer accepts information in the form of programs and data through an input
unit and stores it in the memory.

Information stored in the memory is fetched, under program control, into an arithmetic
and logic unit, where it is processed.

Processed information sends to the computer through an output unit.

All activities inside the machine are directed by the control unit.
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MODULE 1

BASIC OPERATIONAL CONCEPTS

. The processm contains ALU, control urcmtry and many registers.

S$-I M7

. The instruction leglster (IR) hoids thc instruction that is currently being executed.
The Instruction is then passed to the control-un it, which generates the Timing  signals that

' detei mine when a given action is to take place. _ "

. T he PC (Program Countel) contains the memory-address of the next instruction to be
{emhcd &exeouted. _

X Dmmg7 the e‘{ecutlon of an 1nstruct10n the contents of PC are updated to pomt to next
' mblluctlon o

« The processm dlqO contains n general-purpose registers RO through Rn-1. _
* The MAR (Memory Address Register) holds the addless of the memory-location to ho
- aceessed.
.+ The MDR (Memory Data Register) .oontains the data to be written into or read out of the

a.d_dressed location.

Following are the steps thai take place to execute an instruction

« The address of first instruction (to be executed) gets loaded into PC. o o
* The COUEG[‘II&: of PC (i.e. addless) are lransferlcd to the MAR & control-unit issves Read
1al to memmy ' _
. After certain amount of elapsed time, the first mstrucuon 15 read out of memory and plac ed
into MDR. |
< Next, the contents of MDR are transfened to IR. At this point, the instriction can be
dccoded &exccuted.
+ To ferch an OpF‘I‘a'"ld it's address is placed into MAR & control-unit issues Read signai. As
T ares u'i__ the operand is transferred from memor y into MDR, and then it is transferred from
MDR to ALU. |
¢+ Likewise requued mumber of operands is fotched intoprocessor,
. F inally, ALU performs the desned operatmn
« If the resuli of this operation is to be stored in the memory, then the result is sent to the
MBDR. '
. he address oflthe_ location .whe_re the result is to be stored is sent o the MAR and a Write
' cybié isinitiated, | | |

* "At some point during execution, contents of PC arc incremented to point to next
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‘imstruction in the program. [The instruction is a combination of opcode and operand].
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E XAM]’LF 1 Add LOCA, Ry

Th is instruction adds the contents of memory iocatl on LOCA w1th the Lonteuts of
i _Reonstcr Rgand the wsult is stored i in RoRegister.
The symbolic representation of this instruction is
' [LOCA] + [Ro] — Ry
“The contents of memory location LOCA and Register Ry before and afier the
execution of this instruction is as follows

- Before instruction execution _ : ' ~ After instruction execﬁticm
LOCA=23H o - LOCA=23H
=220 - _ Ry =451

The steps for instruction execufion are as follows
B Fetch the instruction from neniory mto lheIR

2. Decode theinstruction
3. Access the MemoryOperand

4. Access the RegisterOperand

- 5, Perform the operation according to the OperationCode.
6.

Store the result into the Destination Memory location or DestinationRegisier.

BUS STRUCTURE
A bus is a group of lines that serves as a connectmg path for severa]dewcos

+ Bus inust have fines for data transiel address & controlpurposes.

* Because the bus can be used for only one transfer at a time, only 2 units can actively use

Depto”‘ & E S]Mli
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the bus at any given time.

~ » Bus contro] lines are used to arbitrate multiple requests for use of the bus,

. M_ain advantage of single bus: Low cost and flexibility for attaching peripheral devices, -

Disadvantage: Slower.

Systems that contain multiple buses achieve more concurtency in opcm‘uom by allowing

. two or more transfers to be carried out at the same lime,
Advantage: better performance.
‘Disadvantage: increased cost.

* The devices connected (0 a bys vary widely in their spced of operation. To s nchronize

R

-their operational speed, the approach is to mclude buffer 1egg§1us with the dcwcw to hold
the mformdtl on during transfers.

Butfer reglsters prevent a high- specd processor from being locked to a slow 1O device
duri m; a sequence of data transfers.

F@am 1.3 inglehus sk,

) herc are 3 of buses, namely
' 1. Addressbus
2. Data busand
3..Control busl.
i Ad{lf‘esa bus »

* 1t s unidirectional. - _

* The CPUJ .scnds tlile address of an 1/0 device or Memory device by méans of this Bus.

2. Datu bus ' '

* [tisa bidirectionaibus.

% The CPU sc—:nds."data from Memory to CPU and vice versa as well as from VO o cru
o and vi.ce versa by means of this bus, - ’
3. GQMMIEHJS.’ '

This bus carries control signals for Memory and 1/Q devices. 1t generates control -

mgnals for Memory namely MEMRD and MEMWR and control signals for 1/0 devices
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namely IORD and IOWR,

= [t also generates special control signal to differentiatc between Memory and I;’O:
device. This control signal is called asM/I10, ' i

»  M/IO = 1 for Memory operations and M/IO = 0 Tor I/Q operations.

PROCTESSOR CLOCK
« Processor circuits are controlled by a timing signal called aclock.
+ The clock defines regular time intervals called clockeyeles. _
« 'To execute a machine instruction, the pi‘ocessor divides the action to be performed into a
éequehce OF basic steps such fhat each step can be completed in Me
. Let__l::_lgll_grth of one clock cycle R=clock rate. Relataon between P and R is'given by

R=1/P which is measured in uycie% persecond,

e C}'ules per second is also called hertz (Hz}.
T 0 excuxte one msn uction there are 3 lmsm stelmmmely
1. Fetch )
'_/"2. Decode
« 3. Bxecute.
' Thc_pmceséor uses one clock eycle to perform one operation as shown in
the f‘ig.ufé ClockCycle — T . T27T3

Instruction  —» Fetch Decode  Exccute

BASIC PER FORMANCE EQUATION

. LetT= “processor time required to execute a plogr am
N=actual numbm of instruction executions
E;r-—a\ferage number of basic steps needed to execute one machine instruetion
R=~clock 1‘ato. in cycles per second.

+ The program execution time is given by

. 'E‘,qUation is referred (o as the b.asic pm‘manceef;]qation.

To achicve high performance, the computer designer must reduce the value of T, which
means reducing N and S, and increasing R.

— The value of N is reduced if source program is compiled into fewer machine instructions,

- —The value of S is reduced if instructions have a smaller humber of basic steps to perform.

Dept of CS&E SIMIT
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— The value of R can be increased by using a higher frequency clock.

»  Care has to be taken Whlib modilying the values since changes in one parameter may
affect the other.

PIPELINING & SUPERSCALAR OPERATION
* Normally, the computer executes the instruction in sequence one by one. An
improvement in performance can be achieved by overlapping the execution of
suceessive instructions using a technique caile:d pipelining.
-+ Consider the instruction
Instruction }: Add Rl., R2, R3
Instruction 2: Move R4, RS

Let us assume that both operations take 3 clock cycles each for completion.

1

oyl 1 cyek?  opeked tyck 4 tyclke & tyck s

Dstractiog 1 Fetch Bmlé | Exects

Tustrsetion 2 | “Fetch  Decodde Execute

As shown in above figure, 6 clock cycles are required to complete two operations.

cyelel eyl - oyeled eyekd  cyckes  oks
Istracton 1 Fetch : Defé-ﬁe 'Execute
Instyuciion? . Fetol Devode  Execute

~ As shown in above figure, if we use pipelining & prefetching, only 4 cycles are required
to complete same two operations. -

* While executing the Add instruction, the processor can read the Move instruction from
‘memory. | _
* Inthe ideal casc, if all instructions are overtapped 1o thc maximum degree possible,

execution proceeds at the rate of one instruction completed in each LIOC!\C)/C!C
Gl bl

. ek T
= A higher degree of concurrency can be achieved if ITIlI]tip]C mstrucl;on p!pc]mes are

‘implemented in the processor i.€. multiple functional units can be used to execute different

* instructions parallely. This mode of operation is known as superscalarexecution.

. With Superscalar. arrangement, it is possible to complete the execution of more than one

instroction in 6Vf:lV clockeycle.

R ———

~ Deptof CSRE, S| M1 . - - Page 5~

notesforvtu.in




{75?,?07&me&€ MEHSUIZE/L?EN'T“

¥ Bﬂ’ﬁ c ?&ﬁgmﬂﬂé& \QW(,OY] &@f)e,ncl—d’ oY) frqu,r?, Pamamej%"

% hente 4 noj- ?19/['0‘};1& Ma{fccsd}oﬂ % ﬂé;.qf;e,ah ()ex‘\ VIO .

n ey cotes .
¥ 1o J%W\E (ote v (;avaowa A'%Mf— Fiﬁ’ff{@w) &ur”. Corvy

we &mwlaﬂcigeci prrogrors awued ‘benehmurk.  povgromy’.

v e

x spiﬂ : %@m?‘g@}”}’) (/&«U@(_[- g’j@]‘f/m )ﬁ&%aﬂwwnfe Evméd”lm CC)JLLP

~oadim ( ¢Pec) SelechS  and FVLE?M})M ng’ %1“5 &‘bm’kff
c&ﬂpmcth Jﬁmuwj

¥ e f} 2N ARRNYY cj/evdefa{cl n Heo Yeay [|995 later if roes
ViDL JT,EA n o Yead 2007 @&U@J of S’?’Cdgff 2 gfLC
2ee0 .
f pasgroms wne  feleched ,é,,g,m ey el Like gamel 5 i
grgfam 50%0«33% AWW& namerical ¢oleidetiont epc o Pwﬁ
A LemJollec, For He Conpinter cwder {’P/EJ" 2 HE 97“”"’”"’7 frie |
6N gedd LZoT_W,jD 1 meefwsed . P Kogme Fwﬁ .y ca-vmol/ ed |
o @ srun o) ’)“e"fgé’}tenca- éd’rvf’ ‘ |
» FRS Spee 9y ﬁagmmce Lonip 1§ QU Sppkc Clatimg 190
Fos _GPECQam W{,emae, Lorps J Ulhe SPRRCAD woutﬂcx?}a'}g

QPFC Qamm . B‘LHW"L? finte oy apefevente Conpuditr q
- Eumﬁw «hw\,f 0\,\ C’/gﬂ/y]ovdﬁr L)EV\A(}Y 'f_?/ﬁ?

Je——

éf" gpec J?—d‘o”"ﬁ =20 [rditedy Cowv'P undey fett 20 'TL’MEJ |
fosten iy Te{gmce Corp Hoc ot f)w_haMM jof,mchm/ﬁ#a

P et m@mg fur ol fm}gﬁ n Hew g?u S’wa
7bgeﬁmm¢, oo o S A esadl 1 cmwpwﬂecf I

; % n o e f
notesforvtuih )| i L ai

: }




MI}C/HLMC I)\I__;Tﬁuctwfus AMD szugﬁwg @)‘

h /7 P P ] H 1.1 _.'f;fw o
=22 M&w@% ﬁoéc&&(@f Ef-ﬁg ! f‘f?\ﬁ.-?vi.fﬁﬁh-f { 5_?{.&1_.{1'5‘:’3'M G hadien ‘f@”}..-J

[, P O

enwcﬂecﬁ chwroﬁeﬂw f"\mcﬂ this fﬂl/@’fmaﬂ’on e 5{5(@05 2 mdin
mm\'ﬁif /w\/}@mo‘(cj Pe o*f&f]*acmrzecﬂ Sueh dhat a gu{@ulp @{ N - ‘*{@
Can be sigted 64 oietuieved W a ftﬂg opeiotfon .
? «J% 'n! #s called 04 m‘jc{ Length and Frotp {n “bid g fie

Gtcfob{f‘@(@ fpowe o{ Fhe Com;smﬁe&{ Jg ;f on)c,oe haw an.
adcbies ¢ space 2 qm (tmega) and 2 k= do, the

| acdates g g{;@(f’ e o [67( !33@) Komﬂowﬁ,.
e) ( The wetd {enjﬂlff\ Y 3& bite

Q{O*{B G &3& J:)f & f’)@cj fﬂ

y Then "ol tOErooM vaod Lan -

% _______ . Ef {EC’EH oM AQ\SCHC;\(MW&HS ag
voan 8o Tee e o4 g TS |
un “5 2 m and Q&SO Q@ f(‘F‘)&ma‘irc 0‘(6}‘”64’60{0({(0& ey
@ M ( e 111119 o

CE ero ot Q(%\ —t— fPoge f Uﬂﬂ"{ca

. Mm —1—+ Lrrond watd

4
s th wyo'td

— 3 (ost wo'td .

ON ¢ Lot Ut e,
e




Fli Shows <the memrﬂt‘r Stotectiste . fo thie , the eize @0[ "

the wotd fe& &c{l f:.%g) and wéOV EGC% cuc}‘{o’ loeatton, we
have add&u’@s oL fﬁomn To smcu&e O U 0gUMHam , wae Rave {o

Move ©ouw P&{o(cia«tqrn o 0N fE(Dr")ofOUL(t j&oVa e (’o thee POdin

. N\emo"(i( L -@;[on? w i £ Ry o Need do flate Hhe L&feitiﬁ){ecg
data alee.

. |
*“-‘e—b 34 b _w
b b |

[ gfgh bt p3L = ot posttive humbcxg
b3l = | {0t necJahve NuMbest g

[alo B ogned integur

[g b?{g . g })?{g g J)?‘Ef. N g E)f{g :_r

Agc1] Aert Bl 1l AR RN
Characfer  Chostadtey ¢ horacbey @hmmﬂfi‘w" |

ﬁﬂ/\& Cb) M*u{\mwo’ed} fn /e h’)éf‘f?oh ry 39:{)\?_/{

Twod
ﬁgﬁ (2) showe the olepsterentation o x-éo*faje of @ efgned numbe

Hoie we tan e a (B&_ «b t gt ned Cnieges . The Caéé b[ef_

LMD b)) 1y used ag snzn bg rf fhe(f .;) @ 3 1 thery ‘fhe

numbw e he th\)t rl(—f

?:Pcaé?,fb) &'h@wg e &fo‘fo&j % oM &@P&{Meﬁfqz‘f’on @B/
@&H A< Il CP)CU{C{E‘{_L

otesforvtu in



The ﬁv(em&&cef wwan?emenf O{ Fey 6 0y o L ?z-_ To FWC)?”VS

JgUCFE&J‘?'\J(’, adds{ess Mf‘fw fo fuceesaiye @63"{"' location g fe (‘hg

mﬁmo“fy," 77:1&(“'!08; eaeh [Ucceﬁr%n C(?ﬂﬂg?mg One bﬂff’r G{
‘nfotmnation. The fr called byte addsteseability

01 the wootd tengths s 32 bile s Then fhey are
dtvided Fato L f)H‘fE; a nd 3{'@%?0@ _CON@C.uﬂfw adclu g ¢

locationg . _Cu{‘ce&fr'\}e 'o“fdg Cesge [ocefa_'f‘-&fﬁdﬁ-ad?d}énegﬁ O, H 8-~

TERETN ) each twotd pit!\freﬁ? I 63’1‘.@3, ‘_
“Heowe; we have fwo#i(pes o Bfﬂe QWQ“jemm te o1 5@6(@@;; ‘

Y Brg - Endran assfynment.
-@) Lilte - Lod fan am?(jnmm{;,

it

(1) _%;gc“ét_hgﬁgb A esfament

c?{v*‘fayc O{ 6114% en data Pn .1) Po endfon
Gix;’gmmé . J
petd

Griven data =335 4 56
ﬂdclw;é . |

| Byte Addstesy
o i L3 (00 © ]
H! H 5‘ . . too | A8

T 6 1 oo A ‘%m -[
(bo 3 1A

too £

Froe b
A3 ata

[Boundae
Lecond J
data |

Ko k ko

2= ok g &3 _&"‘2- .Q,Itij

2 g - Endlon cseigment ;@ wotd addorers £y game
a4 that of the mast cfynlfiecant (ierlioct) 4

yte of the wold .
Thie syfsiern Fe tred 0 Motgrolgq and Powert P

(pw@ LseM | B

Heste, brghor byle o) data fs stoied at fower addsese and

{ooaey- bﬂ&@ % dada.  Pe Sidled at Fﬂf’?fmm .Ceqi{d}(ﬁg.’g.,

‘notesforvtu.in




(¥8) (il ~ Cndian -Fsstgomen:

S-fo‘mfrt 0( @?uendatq %a

Std £) bt
gié st y &5& f Eg;' (tHte-endian dff?’jnmfﬂf,
WA Te T35 To Groen PQata = J2I5 4484
' [ooo 56 '
foof. b by poust
_____ (004 5 St
Lﬁ) LY (60 a :
JF'.4‘ ;.(_'..! |4€§‘ Ko e s ¢ . &
. &fﬁiﬁr : afg i - ' %@UDJ&HH
. L Cecondd
SO atq.

a wo*fcl addesg re J"q"ﬁt

n rQ Hie ~ Fndfan axﬁfﬁnmmk

| 08 dhat @g +hé fea.cl 2! m(mcm& (w;ahémoﬁ) 5cjfc’ Oé the

todld « Thi “g[ﬂ'«’m fe tzed o m{ _____ el fotocesto
vokrcle}( 1551‘_65 @( data .

theste, fo_ww addiegees contaln  fow
Ny

w Mu,mfo—ﬂh,d (’/W W’\A (/uxji,aé)*ti);cf}ﬂ’:’w
a 3L bty boundasfey orcus at O&(ﬂd%ﬂe&feg

/""—NV““‘-"‘-""—‘ -
9 In caseofa 3L bit, boundaxi

o, by § e aL Shewn i 1{“"3' above. Lo cooed ('ocoz{for)g
, fle

“have .aﬂfc‘fnecﬂ acdddieg e To acetgs O NuUmber 0 Memdt
¢ e epeetited, Sfenflavly f’fwmfaofwg’ can ke

a&eureo{ éf fpfchjfncj z“h@r"a{ BJ{g ad?cﬂyNM

0) To handte @ CHOJ{QGEW Sﬁ}«fm 0{ Votfahle ('fﬁg"fh ; th
.'cf Pﬁcaﬂ(ca{@cﬂ é)cir 3:\)(03 +Ne acﬂc‘ﬂ}ff’g;

Beﬂmmn\? C}vf +he ptortn
o The b/MHN.L ('Hm{aoj The len *fh ©f the ﬁmmﬁ %’fﬁ’ﬁ

Can he saved Pn mem@w _{___g)___gguf@n oM prtoceseel Q{Gﬁrféﬁ‘ﬂ

__________ To dnows the {enqth o the fluing e 1o he
| uee a g/beerq owm‘ld{@f chcmadw a4 Lhe (’Cu% cﬁaﬁam‘w

frn fhe If&gnn?; ....... émrH'\ e F\“\eaﬁrﬂ? : c‘r\(ﬁ { K'édfﬂﬂg/

’) v@noﬁww w&uj

‘notesforvtu.in



R N cpmdet
W\_,V i

4—’# Mm_t_rj_r_) F @Emaﬂm@

______ roust he é’fd‘fﬂcﬂ

L Tn C@nfw@[ Llnale

£0¢ have o éw)es O/ Memo ¢
OPU{CdrOI)g Cts. exp(q,ngcﬂ befj:jw

Thte opevalion fsape/esse o topy ef fhe fon{m{g of ~the
petn({:ecg MeMaty  lotatfong To the P&foceffol{ Ue ?,f{w
Conteniyg G}{ P’S‘\fmouz axe not changed,
Confent of

but ~the
~tht wejfﬁw P (’osf—

PCH(”VI@U[@
WW?HPP; Qe ©

= %ec_g;m Sende the adduie

= P

¥

£ 0{ e cdegtored mem@m f&faffoh
Fstocess o u_t:uf(ﬁ A N@aaﬁ C@ﬂ‘[wo( Ry

___________ 3”"05 fo memcﬁfff 740
LHMZU&@ ~th e &aga

_________ al fende e dato fo e /Bwoceffo‘*/
= Corta Jete Stoted £ potocess ot weﬁng{w

WNS OPQH Ol'plpﬁh fo-{qng
J':)&fﬂ}ff.?foﬁ' t}‘{F

{enw the m{eﬁmq{,gﬂ Sere Fiy
______ ‘J’{Uf to “thee Memet e f()fq{(@r) f/jpfg/,-f’cwﬁ Py fle '.
Poststuctton, thiy st [ _99__@{&(@3 e hotnal
mcmwﬁ locatson,

,_,> /)\Horujotf J’c’;ﬂdjg AN Qoﬂcﬂﬂpw

o/ T m*’”ﬁﬁﬁf(y [Of@z{%n 0 heare
rf; CUO‘G‘EE ~fo géwe d&‘ﬁq n .

=% (;DLHC)CM_J’()’\{ {.H‘G,EFS o erft Com‘ﬁ}(@f £
To L{o'te ke data .

=5 The (‘@n{mf @{ Lh ¢ /’bd{wexm’“{ eHe

__________ J‘We’f Ce LT fory oo fhe
otésforvtu

....... (?ma{f to Mc’m@‘{t[

i

AR (ot Hemapny Fo The oteqledey |

e .

{
) Lo_g{dl [}Jead 8t feten)

ntente of that
The Ltepe  aste

£ "#hﬁ m[{m{j"{t TE} €recu°€t§
an m!(&ﬂtifﬂ‘ﬁ@ﬂ; ‘*’Ehﬁf‘)&!O{fEiﬂH hag o obfmo aﬂcndq S10m0 i
f"ﬁ."“)E(“ﬁé{c

Fe tsxffm(& @‘( ‘%hc @Fu{ah@m ™ ot
(ogffcﬂ &, Tthe  pove royoM

{



°) @eﬁ?‘gfeﬂ *To%uh&{w Notgteen, *
e) ﬁﬁ}gwem.bfj Language Notation
e) Typeg @{. fm&wu_ch"on"
o) f{woﬁ\?aﬁ)b ltne feguencin Q.ﬁol Prgbatuction f’z(fc.ﬂ.ft!?@ﬂ
) ::@Namch'?ﬁj .omcﬂ cond’?éé’oz |

codeg ,

| Q @omPu{{}f ,’Dt?—f/g‘fmg tg ~{agiK aecdfeﬂ?’n% to the ;ﬂ&(o?‘f}mﬂ‘{)
$toted % tetoety . waY progeam fo a fﬂne Colleclion of the

fstswuctiong, whio, tlls the psocess ot . porfetro bede opantiony

[tke addi{ion | d%fcecﬂ?ﬂ_j 4&{@!”\0 K’ec{j)ow{cﬂ gi(r s—ﬂg‘(@mfu{w

theutd Chave tnelscaetiong o fmécﬂm atlecet i/ocm %3 P{{ ﬁg |
oputations (reled Belowo | | I T

) Bata lsans M bw memd‘f’t(r and psto cess o Lyfj?f{'?—”é
#) ) ttthmetie and [ﬁ??ml oputation on data.
_#) "-rpuwjé{&m %‘E?twﬂt‘?ﬂj and contoto! .

0] / o Tetane A

A templete Pt tel fr sreffoted to ae Tthe
En«?f&tw-ﬁon Cot Prorehideehuse (f}ﬁ) @%1 f-h@ 1/}9{01.5&‘3&L

fo addition 1o epreifyioq Moutorurion , an [0 alio specifie |
tht adduersfoq metheds  used jot Qecessin J" data o p vea ndy

e 1 aleo calied o Regielor Totongfor fanguage (£1e).

) dq.
Em Tt-hcgj woe  fan Fgod_m{}’st the mem@fj fomﬂf?pn éz, a. P mlg_@{,?f_

natve o qpfowcacfe a(’P.hqéea"g' » The name Padi ¢g

ee 7lg

& G le , Lo¢ 5 / )M'. = ek
n O?”E eﬁssr”éni,’? ﬁ_i"ﬁ” MALLE ot




H’?c:@rf@i‘ffg e Fodt f@t_qﬁf’o-ﬁs [i"nx{md ob) the actual addsees g |

fad oot ed btf a0 wppvitage @hfafm be{ {@DN@UMOO 6:{ a

Chamestal eueh oy Ri, R b . f/o U{ﬂj?f{e,w QX ¢ el,cf)wes@fa@
M/‘@'QTSI\N y DBTHOVT w\,@ﬂmef(

(fke looo, Q000 el £’Fm‘u’lc~wh\( meewo"f,ﬂ{ejuwaﬂg ._

The tooten b of a locatlen Po denofed by the
$guee buarkety owound Hhe ame  The wtighte = hand
| Lede @g an RTN(@@j:“&/@f ‘qugfw Potatton) txpieeefon (¢
wa@% denoter Q Value and the [c ”hand Qrecf@ e A”"E

pl&@‘iﬂ

PTN Lhaternen b w”f have an mm@wf ;Lm,}go uufwo:e

c&b Sede fe the dPgécﬂa%@m and tle vifght ¢ede ?g ~fhe J'wafe

fowme (’Oﬂ{f?m!g aMe not ma” fed @ef%ma%@m tonfents aste
t"'\oﬁ\;efi |
Conﬁ«:ﬂe;{ a QTN g%a\(‘emml* () ﬁ?! &— [LO CWJ

[}CQF‘K‘)P

Thie Opuiation fomﬁg)/uf%*hﬂ tontents O( tove P o

{ocatfon LocnL Poto pwwmw L%f’ju?{w Kl . The t‘om‘m&g
0{ LOCN f: nod Chonﬁecj y but ke p&reucou,g con fer ¢ ogz
RT & f@% J:)La[ BV Es LIS mj oMt a P Valy,

(\nﬂﬁfdw aneth ey {*KamF) (“J Rg ém“'[ﬁfj + [R Q]

Thir wlll be odd e tonfents 8/ two utegle{uy

R{ aod I4Q9\ and ‘-PCO{C@ the tuen falo L&{fyf’m(w QB
|

notesforvtu.in



v Pumlly fongusge Notatn e

8) The QT"N nofatbon Pp cazy te undewstand, hut é‘aﬁn@f Ae
LHCPMEHP{’I\f Aﬂh@ukme rﬁif&ﬂu{’ﬁ’oﬂ% Lenee +he ?NOWMUV
vadetetande @H{Ef émw{f( ot we need o tge @ h@f@{mg
whieh pould be m?u_w{ed] ’?n(o m@__o__wﬂe Cam)rud(ﬂ(@ 5 MQZ“
{(eﬂwe,{nj

@) Lo thit . Gaed {cﬁ“-fmct[“ ﬁdﬂﬂaoﬂ—ﬁ&fﬂm(é)f (‘Qﬂ L{'C( @ ‘c@ MPC{
~H&u@) e wuye Cn Eff‘ﬁ] ere two‘(d}g

(‘Odfecf mﬁemomcs) "Z"ze-

above tan be Costfen ‘?0 mwmb( 2 Meve LOCN
grfﬂa H‘ ) ‘H’Bf ad}oéa{ror) OPEHC‘I‘@NE}Q pﬁ [FU can fje ..........

0y »Aa@oe R, 92& /‘33

;@‘;{_ «?ﬂ& fd{gﬁ{.‘ (fon.

Cwoe hove Ay %3}0@3' %l Poelstuetron oy ﬁ.otfmnws

To S@u&(j thiege togtotaefons tongider e @}owa%("on

= A4 0 OPeHaﬂ"oa.

) Thotee address 08 fotedPon

) Two czoﬁobf@gg %ﬁﬁ%ueémm

3) Cire @N g‘f{ addsess ToetoruetSon

}'P) Z’g‘H“ C“-CQCQLH@S@ !‘th[J{u.eﬁ(m.

notesforvtu.in



&

DS, SRR P—

&) Rhile tosttling ~the rMFMuaés’om; _Cﬁﬁs{rn@{(on c:/ wand?g are

Wstiffen et and ~then fource oporande

( Fotel ;MQ 'ngw PC]. % tihig Nofeg you have to Zé [ewo
%F’Qm‘ tony enlion .

¢S T'h&tu -@deﬂMféﬁ /(Fﬁ& f&tunf?@n
L Mgy SO

“The genedal 6(3*{Fnuf' foat Q\rr}qu@ ?/ g Thotee »@dgﬂd{egg (?ﬂﬁf}{uﬂﬁ;q
fr 0w { Howe ° | |

BPU{@R@” - Lowstee 1 S Cowstee o, m'{

- Te pw{gé‘fm C= w’%+® @wa{’?on woe tan osthie @ b addegg
Prgdoruetfon O{sg foos g 4 Adci Q 8 C

OP@{Gﬂcﬁ G!‘\cl -ﬂdd e FG\-Q 9 W(X{'?gn "fo fJ& ’D{{owmeo{ Tﬁcg
'&\fP'l F'\O«} the dlr.vclﬁb*cmfajt% that , ﬁ"\@f@gug o tode ol (! be

too | OLHJE o ?f& ........ on One Lo8td (oeatton A m{emcﬁj’

(b Two cedlclmgg Mﬁ

NP e T
he enwu\ {«:ﬁ"fmm"f c’B"(Sé(ﬂde ®{ thie & - adcﬂ&ieceg rnj‘f&u@‘[’{”@a

f/é not Suftmen(# I{Cf"f F”Uf WP“J “N\(f OfDUfa‘hoﬂ e (‘)P@CQ
two X |

@PQAQL?G D §0wﬂe, ,@e.g-{? notfon ‘

notesforvtu.in



k]

To p wgcj"fm C"ﬁ“‘l‘ A @?Pvmf--?on woe tan wostfle a o addyey ¢
fostontetions 0s fetlows & Hroe Shagle fGndstuction Te N0k
fugf‘i:“"mﬁ 50“".{_ PW{Wm?n__ +niy @/Dwmd-?ao, Ule nNeed twoo
fﬁ&’f&uaﬁon{g g {@U’@u}g )

Mmje @, C.

/g;{ M@\f‘t’ Jﬁhc.
Bad 0, ¢ 5 Padh,

W One Q{@{? Cengle S ddeg, Inx"llaud?-on
_ (AN AN M TR A
The ﬂmwa(‘ _{o%maf- ¥ &Jmfcm o) thég ont addrege g

Snghotutthon fo 04 50”0{;’}3. S -

[ @Pma,ﬁo:ﬁ f@WC(‘E /@&?{c”moff’og‘ ,

“‘HE@HE y AN _f’mf{&tuc{f@n cgf)g@fj?eg on le ML’W\&{U OPW-G-lﬂca UO{'\FQC&
may be fowtce (B desftaaton . The ok o opotand £o

Al @}owq{i‘ong aste (o be ?)@i-ﬁ/q"t’mec{ on “the tondente
@{ Qeeatntfa b, |
EPU%MM O P+ 0y o}gwa'ﬂ%n wol fan LIse a One
padotees rslosslion; o1 fellowss | ~Hote gl
f?ﬂjfﬁ fostrtwetton 7e Mot ft.s%fcfm{ 1{@3‘{ (?;)W/b"‘{m?fsf
+h7e @?WQ'W@D ’ |
Niee peed  Thotee @Eﬂxmex.oég’mg ag {0“@&}35’

[OQ.Cp ﬁ" p\ COCLQ’ &
fad p Tt pad A

nPteéfﬁorvtu.in - Cye ¢




i S o o

(7

(&) ?w{o ‘@rddd{fg@ﬁ ’ﬂglloiut“ffoﬂ | '

The CYe,nechtl zé@kfm@(«{cg{ gairﬁfaﬁc 0{ fhig vesto addwees
' Fﬂ&'{o{uﬂffon ?g Qg {Olﬁmmg

ﬂ QPQH@‘H’OH - Do O/Jue.cmcﬁ ()

o) T 4He case, The loeatton g qf all @]pmcmd(e Qs ¢ de(/’“necﬂ
'?mPfH*FJ The OPUMWM Qste 3'{0‘{@4 P a ofowtetonte called

LY -

fpu&kc\@wn glaek » Jn&m{mﬁon cmm/g/e

?)o]() mx{\){u@‘ffong DN }\)LQF‘)OD@LDF\ _‘if‘afl(‘

@f@%w&% axte o roemngty 4 (bt data hag fo be _}mowcﬁg

ble qpmemeﬁ and _@emo’ﬁ'tf Hecfumﬂtf G 0%
ot Pnt}tc’a,g@ “(-‘F\P f’Kft’wﬂr@n {fercve

mMn all @)?e}m%{@ng Qe {DQH/‘CMWFOE on dota ?D&(e‘fm,&ﬁ
Ffﬂ WQCFSEOH O ?g"l(l)*fé\ I

‘notesforvtu.in



E g &%ﬁh CJ fe?m —ﬁanﬁ ngfﬁurﬂoﬂ

veewbfon. ¢
'\'-1

Con&?dm fum _e@me opuiatie o Cs f—H&, To potfotro vfhlg

¥

r af memo&{ﬁf oy SFwouon @’n {Fﬂuﬂ%e bcow !

n . Bddregs Contentp -
chan ~——*> 1| Move A, RJ :
execugé’@n heste i+ Add é,L} 3~ fasfouelion
(48[ _Move RI, ¢ | Pmoffwom :Eecdvmm(ﬁ
| _
\e ot . | |
( - .
, M T
Q'(\‘\ %{\ Wx@
g&/N' o 0 ok | Daka fox
. Y ;
9@&?\1{\9\ | th e (Powtlwgim
¢
| :53?35 }@r @H@jl}{dm 6‘@1 g: 0+ [})' |
‘[‘h?’g wie ¢houog ~the nafn Mern oy @%muefuw xﬂ:ﬁ\
f&JOM vfhcg Cmiouk ©F Sheetste we con §ee a 3-tn&{wuof
£ ecudfon

Bea?ﬁs at JLH’ memow\cf Om\“’on

\ﬂf&mm ‘{6’“( ‘;,bw}{@*fm?mi C’ A+ @Pwahon
''''''''''''' et m&fdﬁtuﬁ“ ony 5 (ODfenty o memc&f

loration B e 8e%fhmﬁ and roved *Eb ]Wm?_m“‘ @4@3 .....

(Defa ~fhe ft"ﬁQf_}g{“ ?QHJ{UC%(ON jton{(mtg 0{ pO e O

lotatlory O T ge‘reheg( and
seeqlefot K1, pum e ebeted a0 R

pt Pe added to PM@@&&U}T

‘notesforvtu.in

Ugfﬂ the Jiqst gL
g the fou i g




TR e

(9

Mej?‘&{-m Q1 Pe mofyecﬂ f‘o memo’*(_.rzf Nfoeadforn G,

dleste n o Fhe Pt gotarn ececutfon , fnsfmactfony
Qxte @Mtu{cd T Se uemc ;f’o Ehrce ‘(3pt‘ ®€ Pm,ﬁ‘ﬁ,uug(mm

%gfm ~{Ht Cm‘muft@h C)% GEH % Pn&’{wmu%?ong) Lo
e Howed folo merogty location  C o Thiy value can

[5-@;. 5&@&?\&& fafen bo\{ d°@/é[@3?ﬂ7 @L{ _5@1&{ f;DMm{ mj

!__{_3‘2‘ 40 UM A M gﬁ‘ aof__o}“’n ﬂvl__r‘_\__qmb'a}{(e
NAENITYY: Contenty
P .
\ft’%':eﬂu&?on  Move Numy, RY
hU»(ﬁ 194-1'4’ £ old NUFY\Q) IQT

PE8 ) Aold Numd, 0]

F ey - Lf Add NUM» R1
P Len Move RT, .84 L

RV OO -
N N N —

VUM &:: DHata {««5’*{ thve |
1 /_chHechrm |

Num |

F’?ﬁf FS&{OJQ}{OIN éo‘*{ @Cﬂoﬂmg

ndtesﬂféorvtf{“‘ Mo



Wg G thowt the mafn mem@*ﬂf &n‘mueﬁwe OH Caser)uﬁ*
Fo dhis [atr@uﬂ* ca‘f Jhﬂunéfme woe fan e YSafoﬁvuuozm
5@‘{ ctddfn r_} ﬁumbwg a,gmg jﬁumjﬁhf [fre g’@?umof‘?n

{er%n?(zue Freeution Beﬁpcmgs at hig mem@’\ftf pwaﬂ?en

(DsPng ~the 0{36 rn& thft@ tontinlyg of MotreHe (oecef%h
{ - h/ {

NUN"] 1 e {Eﬁf‘\t’ol and paoved to p}lwegfo“f &(@jff/eﬂfﬁj

(Jet ﬂ({f te D').j&h m\gfts_tu:{lor), COH"&EH‘{@ O}/ Pﬂt’MO’Lft({ @ﬁal'lltg@il
EENETV Y Pe ,éetelwoﬂ and Tt fp added o {p}{@ceff(bL( Wgo&?feﬁy
R1. Sueo fp Stoted ™n K1,

i

ng the %Wﬂl.“ mgf&tudf@nj tontends @g m@mﬁﬂ{ (oc«a@;on

Numsy e é%fp\d and Tt fx added o pato ce exet tﬂ“&?d
Ri. Surg $o floted n 1

..........................

~Heste frn thig ?z)m?d{qm exececlivn m numg o % add
Fmﬂuuef?or\é Qs-t e J{eciume& o @o@oﬂ a numia@x{g.
C_?{ Wt uge §JcJ~LOLI3M [2ne €oquence {Cef\ﬁi"?qa) G ont add
thetfoucllion will add ath yalue to @pff:xﬁe}fﬁi . Puen T

Lteted 9o £1 .

)\M/_Tw[a t}@jj LU eﬁ&"’{h&udfoﬁ(ﬁ’ 0Ny the (‘mtcn{g o{

e 3”‘{"““‘ \}Wfdfi”ﬁw R1 o Mem&fz location SUM

Jf’—ncz ﬂt:/ Cﬁ{ & Thy f\cew{‘?x & Tfﬁ"\t(f O_‘)H ff&tam tum 72 s’{o*fecﬁ
Pnte  roemty (oootlon J?uM m ua,tuﬁ,« ean be égfmgoﬂ ﬂczfe’z
o d"fPCOLtf““fI o1 {0 g =

A @LHCCLU-Q)CLGf‘Q @ thig ‘E@Cwﬂ'jue ?(e ‘H\QL NCH@ f\uMbWé 0{ Cxo{d&

ﬁffd{ttef?on? ChHG &HGCZLHJ-{@

_________ é(’.‘r‘f C‘to(do"ﬂy nrnumbois ) TR
COML o e mﬁkfa memﬁfy\?ace 9 alte O ol [ ‘tu'f’e Fﬁ(ﬁt@

“érme 1o ___PKG(‘,LLEE TE; OV €8t (oM @ “(‘hr; (@ﬂ{au?bat}’{ Lo (e

notesfoivi:i




Lowcelwre Q—g&;}%a_ logp 1o, @gmm;

F @_ﬁﬂgm £ [Easnidls

Addrret g  Clonfenty r o
- o
| @aﬁ“f’a — ¥ | Move N,RO ¥
Creccctlon Aeste _ Cleast R RQYL
\ | Detotmine Holds teE Q
VAl "Nt number § &
& L/
aotd _beEEg b ey v &

| Devtement RO | Yfé\‘{ {

L

(;Poww 3040( M KU OF

NMAVE LY ——d

N
Nom 4 |~ : :
NuMm ol T ) Pt fort Wi

Nup A '______ﬂ__
m

b I O i -, ’\ {
P s etogar eluudtoore witng a logp fi add ! namburg

fegt shows the toaty memo&f(tr totudtuste @Y f'a--ifwi. Inn thtg
| [ayout B lstue tuge | we can B ee Pt g HaM jcﬁ add ¢n
'n’ purcborg bt&‘?na f)N@ﬁCA.f“J {eeﬂmf’?ue . Exeewction Jjg\i-f‘n__,g

{uom Nove N, Ro fordauctons,

To 4hie laz.tdeuh both oie gotarm and we?ce’z‘wec{’ dat g ase
SteMed ag @IRme Pry {{Fﬁow{ ¢ | |
U-ﬁﬁ?ﬂ(‘f Moue N,RO Frelucuctfon, tonden) o { PYE Mj location
Nt 68..&@\64 o moved  Fp p}{ocem’tﬂ Lﬂ-{e\o[?ﬂt}{ Ko

Uef n_a C( Pour @ q ﬁ‘}\(’[{wtu_p‘{?@ n, (o ﬂ‘f(’ﬂ”[ A { ;D&{a o8yl 4:7 73 f‘t,.s»(

Ri P tleosed [ p1 e 4 C‘Z") |
f\)())& LL&-’rOﬂa Come fgﬂf{‘&t,bd‘g-f@'hg ,

‘natesforvtu.in




ooldste £ @{ ”NMi.” number and aod
_éum” ¥ Lﬁ’—{d‘{@cj ) L.

we tan dﬁ%mm‘?me

" Need " opumber B RT0

(/J’mci» /@ﬁcﬂemenf po fagtuwidlon, tontente {U‘*f\(f‘ﬂ{w
Ro Pe dectemented bff 1.

Uﬁmj @u‘mmb\ = 0 CPOP Onelructlon , tonfent @é CH@J"\@{@‘{
fQO_rgz cﬁe?{feoﬁ W{\“ff‘h“" &, O”@’T no k. jgf ot e (7’&3‘!001»[“6}(
than O, (onforel Mmuef be tstan s e}wwo() Aaelk 4o [O0 P
labet . Othotolege the J@woyw{?otm ¢loutdd be [mmmcz{e(ﬂ
d"um value Po availalle tn 04 ol eg @&w It 9 elered o
EUM meme}{y {ooctd fon .

%?jj Cwohich tan 6@ R steamed lo 6
def)er)(ﬁrn:j o0 L, mcjadtg 0{ o @p&{%me% and &

(,@\ci[m f)Woﬁcon @wéeﬁme& (t e, tontent 6{ *@(mmuf@{yj |

C‘b{ b&canc%?ﬂ mﬁf:ﬂw{ ong s Conato%%h tode @c"gé‘f{f’}z (e
Reqiet o,

4
b

. T g ey B e
e rmae e P



fn Condtfon Gode y@e??gfw we have g{‘a% , faﬂ"ﬂ‘_ F'Pa'?
_C@ﬁba’?ﬂg one pit @{ f)ﬁg&lmaﬁ{’@h as  teplafoed below

s A L

——r-

Neacd?ve Zesd o C)v UL:’J tows C ot Y
Hog (V) | flag (z) | {lag () Jlag ()|
Cend?lton  Code. @ej?sfﬁf £yt f-@fcx{; 1Y

e\trvfsﬁe}f..

N(Ncaqﬂé?vej — et fa{ 1t the oteeult fe m-(ﬁ}d@-?”f-;
elte cleosiod 4o (3

7 [zeseo) — et zio 4 f’g The Ceeulf zoo
Use elecwted 4o O

\ [OUW{POWJJ — St to | ?{ astfbhrn of vaé({@w

| Ottt g 5 elee sdeosted 1o O

¢ C C-MEF) — fekty 17 5 cesoty - owtb reful te

{wom e OPQHG“[F% yoelee cleaved 4§

(boaed on the Value of '%.z-"\@)/{’a%_, a tondMNionad Aotond,
Prgfotwdfon  can b e uged  fr A, }bﬂ.ogd{am L, As altor

Hhe @Hwﬂ&{am ;Qe%ufn(@g

‘notesforvtu.in



A

_ Computer Organizgtion 18CS34

ADDRESSING MUGDES

- The different wayb or methods used for accessing an operand are referred to as

mrt'dre&s‘mﬂr miodes.
' OR
‘The various {ormats of representing operand of an instruction or location of an

operand is called as “Addressing Mode™.

- The different types of Addressing Modes arc

a) Register Addressing

b) Direct Addressing

¢) Immediate Addressing o . i
d) Indirect Addressing |

e) Index Addressing

f) Relative Addressing

2) Auto Increment Add ressing

- h) Auto l)e\,remcnt/\ddacqsmg; }’Prclzé ’hﬁ’?’i@) ﬁ'cld/rf’%‘]ﬂtﬁ, MDJ/F/g

Variélblcs & constants are the simplest data-types and are found in almost every computer
progra. '

[n assembly language, a variable is represented by allocating a register (or memory-
location) 1o hold its vatue. Thus, the value can be changed as necded using appropriate
instructions. '

Elfective Add1 (o M | - : _ T
ik s ps oddress % Mc’mrrg, f@cdfm' ene.
&Ojrm’”"} Wz operand  fi stoaed.

" a) Register Mode

-+ "The operand is the conlents of a register.
» The name (or address) of the register is given in the instruction.
* Registers are used as tempo:az'y storage locations where the data in a Ieg*mu areg

accessed. 1, @’ l

Example:  Move RILR2

Copy content of register R1 into registerR2

FCS&E,STMIT

notesforvtu.in




L s T

Computer Organization 18C534

: b) Absolu_-_te (Direct) Mode oo W ﬁAd@M mgcf/a

« 'The operand is in amemory-tocation. .
» "The address of memory-location is given explicitly in the instruction.

s Tor example, the inSh‘LIOﬂOIl, U .
.+ Example: Move LOC,R2 ] & b oCN |-

C opy (,ontent of memory-location LOC into registerR2

) lmmediate Mode o ' ,,
+ The opeland is given explicitly’in the instruction. s ' -

« For example, the instruction, Eﬁ; 0976: Y@ﬂé’ﬂ——-

Examp!e: Move #200, RO Place the value 200 in vegisier RO

.' . Cleaily, ‘nhe unmedlate mode is only used to speeity the value of a source-operand.

d). Indircct Addressmg Mode

In this case, the instruction does not give the operand or its address explicitly; instead,
it provides information from which the memory-address of the operand can be deter mined.
We refer fo this address as the effective address (EA) of the operand.

. The BA of the opérand is the_.c.ont_eht's_ of a register or memory-location whose address

appears in the instruction.

. Eudlrect addressing through a register that contams the address of an opcrmd is called
ugh a resid’x

: afw;mspr {The indirection is denoted by ( ) sign around the register or memory~ -focation}.

 Example: Add (RDR0— = ( Ri)

l he opeland is in memory. Reglstcr R1 gives the eﬂ"eotwe address (B) of the

opcz and, T he data is read from location B and added to contents of reg 15tet RO.

* To execute the Add instruction in fig (a), the processor uses the value which is in register R1,

as rhe TA of the opemnd
* 0t wqucsts a read operation from the memory to read the contents of locatlon B. ”[hL,

mlue read is 1he desired operand, which the processor adds to the contents of register RO.

* - Indirect addressing thlou;:,h a memory location is also possible as shown in fig (h)
kb B

In this case, the processor first feads the contents of memory location A, and then' requests a

* second read operation using the value B as an address to obtain the operand.

repalledl]
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1 .
Add RIpROD Add [ALRD
Mluin
[{E I
I ’ Chpeand A B
.R"é B W}; losisser 23 T Chreranct
p e, TR
- _ {a) Through a gensral-purposs register {h) Theough a memary iooation
Figure 211 Indiivet arldrassing.
Example:
Biove LN #| -
Move AMUMTR2 Imibalization
L by RO ' f
EE—— 10 Add {3 Y58
| A B4R2
) — .
. ‘ Dizerement i
= Brranchsd) O
Move o RGSUM

*In sbove program, Register R2 is used as a pointer to the numbers in the iist, and the
operands are accessed indirectly throughR2.
* The inifialization—scctit)r] of the program loads the counter-value n from me-110w-10r;:a"tion

N iate R and uses the immediate addr esbmf,—mode to place the address value NUMI, which _

t5 the d(iu;ebs of the first number in the list, into R2. I. hen it cleals R tod.

* The flrst two instructions in the loop implement the unspecified instruction block starting at
T LOOP. _ S . . o ‘
“The first time through the loop, the instr ucnon Add (R2) RO fetches the operand at location
NL IMT and adds it toR0.

* The second Add instruction adds 4 to the contents of the pointer R2, so that it will contain
‘the address value NUM?2 when the above instruction is executed in the second pass through
the loop. '
e) Index Addressing Mode

A different kind of flexibilily for accessing operands is useful in dealing wiih lists and

ArTaYs.,

Index mode

+ The 0pcrati0n is indicated as X(Ri) _ Ao Eé(j + )(

i

Deptof CS&E S|MIT - Page 2.4,
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Computer

© where X=the constant value contained in the instruction }Ri:thc name of the index

16“18161 o o
The effcmwe -address of the operand is ;,wen by TA=X+{Ri]

. _The contentb of the index-register are not changed in the process of generating the

effective- address.
+ In an assembly language program, the conslant X may be given cither
— asan explicit number or

— as a symbolic-name representing a numerical value.

* ha(a) Hustrates two ways of using the Index mode. In fig(a), the index register, R 1,

cOntains- the address ol a memory location, and the value X defines an offset (also called

i

X dlbp]dCSH’lBﬂt} ﬂom thls address to the location where the operand is found.

% . An alternative use is illustrated m fig(h). Here, the constant.X corresponds to a

memory address, and the contents of the index register define the oflset to the operand. |

cither case, the offective address is the sum of two values; cne is given explicitly in the

instruction,-and the other is stored in a register.

Al MRORL b _ Al OO

B 2l
Ry B T : Weollst |- : _ .-
- [ | - O

& | a0
B;ﬂi, wnth Index Mode S o o _
Anothel versmn of the lndex mode uses 2 registers which can be dcn_oﬁd as (Ri,R})

« Heére, a second register may be used to contain the otfset X.

. The effcctive-address of the operand is given by LA= Ril+{Rjl q ' o

+ This fortn of indexed addressing provides more HCM[’JLIIEY in accessing opetands,

bcc,ause both oomponents of the eff ectwc address can be changed.

Bdse wllll Index & Offset Mode _
de uses 2 registers plus a constant, which can be

« Another version ol the Index mo

Dopt of CS&E, ) M1 vage 2.7
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denoted as X{Ri,R)) ' JEREINEIS e _
+ The effective-address of the operand is given byLA =X+[Ri|+[Rj] ]

+ This added flexibility is useful in accessing multiple components inside each item
in a record, where the beginning of an item is specified by the (Ri, Rj) part of the
addressing- mode. In other words, this mode implements a 3-dimensionalarray.

1) Relative Mode _
+ This 15 similar to index-mode with an exception: The elfective address is determined

using the PC i place of the general purpose register Ri.
. -The- operation is indicated as X(PC). CH = chj ,.;r?(
. X(PC) _denotes an effective-address of the operand which is X locations above or below
the cu rrent contents of PC.
. Since the addressed-location is i_denfiﬁed_"1‘clativc” to the PC, the name Relative mode
Q associated W.ith-_tﬁis type of addressing. J
+ This mode is used commeonly in conditional branch instructions.
» An instruction such as _
anmp!e ‘Branch > 0 LOOP Causes program execulion to go to the branch
target location 1dent1ﬁed by name LOQP if bran r‘h

condition is satisfied.

Y \;;E;E FIGNAL ADDRESSING MODES
The following 2 maodes are usefut for accessing data items in successive iocdt ong in the

CNeOry.
¢} Asio-tucrement Mode
» The effective-address of operand is the contents of a register specified in the instrustion
(1g:2.16). ;

. m.rc,x accessing the opcmnd the contents of this register are automatically incrermented

1o puml to the next item in a list. _ =& E_ £l '}
+ Implicitly, the increment amount isl, - - t ey end” }?c
.« This mode is denoted as (Ri)}+  where Ri= polntcr register
Example:
selove MR} i
Move #MIBALEZ Switealizagion
Clear RO §
......... w LOOF - Add R2) R
| |\ ' Decrement R’
s s - - Bracked FRBLS 1

Meaove RiEUM

Dept of CS&E,$ I MIT . I Page )&
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h) ‘Auto-decrement Mode
« The comcnts of a register specified in the instruction are ‘fnsl automatically

decremented and are then used as the effective address of the opel and.
Ceﬂ D Ecpervet ~ B
— LR

- (Ri) where Ri =pointer register

~ .+ This mode is denoted as

These 2 modes can be used together to implement an important data structure called a

stack.

This mode used to accessing array elements in reverse order.

!
Move N R -
pove dENemntl) R k T

o cleen fo
3 '.-_-LOO-P .@VA.J"CIIZZ)@."".EQI
o | Decrement
| Rovnch YO Looy
!
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