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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. 

 

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. 

Primary 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 I/O 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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The instruction register (IR) holds the instruction that is currently being executed.
The instruction is then passed to the control-unit, which generates the Timing signals that

determine when a given action is to take place.

The PC (Program Counter) contains the memory-address of the next instruction to be
ferched &executed.

During the execution of an instruction, the contents of PC are updated to point to next
instruction.

'The processor also contains nn general-purpose registers R0 through Rn-1.

The MAR (Memory Address Register) holds the address of the memory-location to be
accessed.

The MDR (Memory Data Register) contains the data to be written into or read out of the
addressed location.

Following are the steps that take place to execute an instruction

The address of first instruction (to be executed) gets loaded into PС.

The contents of PC (i.e. address) are transferred to the MAR & control-unit issues Read
signal to memory.

After certain amount of elapsed time, the first instruction is read out of memory and placed
into MDR.

• Next, the contents of MDR are transferred to IR. At this point, the instruction can be
decoded &executed.

To fetch an operand, it's address is placed into MAR & control-unit issues Read signai. As
a result, the operand is transferred from memory into MDR, and then it is transferred from
MDR to ALU.

Likewise required number of operands is fetched intoprocessor.

Finally, ALU performs the desired operation. !

If the result of this operation is to be stored in the memory, then the result is sent to the
MDR.

• The address of the location where the result is to be stored is sent to the MAR and a Write

cycie isinitiated.

•At some point during execution, contents of PC are incremented to point to next
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instruction in the program. [The instruction is a combination of opcode and operand].

Memory

MAR MDR

Cantrol

PC B

R

IR

ALU

-a general purpose
negistes

Figure 1.2 Connectkons between the processor and the memory.

EXAMPLE:1 Add LOCA, Ro

Processo

This instruction adds the contents of memory location LOCA with the contents of

Register Roand the result is stored in RoRegister.
The symbolic representation of this instruction is

[LOCA] + [Ro] Ro

The contents of memory location LOCA and Register Ro before and after the

execution of this instruction is as follows

Before instruction execution

LOCA=23H

R 22H

The steps for instruction execution are as follows

1. Fetch the instruction from memory into theIR.
2. Decode theinstruction

3. Access the MemoryOperand

4. Access the RegisterOperand

After instruction execution

5. Perform the operation according to the OperationCode.

LOCA = 23H

R =45H

6. Store the result into the Destination Memory location or DestinationRegister.

BUS STRUCTURE

A bus is a group of lines that serves as a connecting path for severaldevices.

Bus must have lines for data transfer, address & controlpurposes.

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

• Bus control lines are used to arbitrate multiple requests for use of the bus.
Main advantage of single bus: Low cost and flexibility for attaching peripheral devices.

Disadvantage: Slower.

Systems that contain multiple buses achieve more concurrency in operations by allowing
two or more transfers to be carried out at the same time.

Advantage: better performance.

Disadvantage: increased cost.

The devices connected to a bus vary widely in their speed of operation. To synchronize
their operational speed, the approach is to include buffer registers with the devices to hold
the information during transfers.

Buffer registers prevent a high-speed processor from being locked to a slow I/O device
during a sequence of data transfers.

Input Output Memory Processor

Figure 1,3 Single-bus structure.

There are 3 of buses, namely
1. Addressbus

2. Data busand

3. Control bus1.

1. Address bus:

It is unidirectional.

The CPU sends the address of an I/O device or Memory device by means of this bus.
2. Data bus

It is a bidirectionalbus.

The CPU sends data from Memory to CPU and vice versa as well as from I/O to CPU
1.and vice versa by means of this bus.

3. Controlbus:

This bus carries control signals for Memory and I/O devices. It generates control
signals for Memory namely MEMRD and MEMWR and control signals for I/O devices
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namely IORD and IOWR.

It also generates special control signal to differentiate between Memory and I/O

device. This control signal is called asM/IО.

M/IO = 1 for Memory operations and M/IO = 0 for I/O operations.

PROCESSOR CLOCK

Processor circuits are controlled by a timing signal called aclock.

The clock defines regular time intervals called clockcycles.

To execute a machine instruction, the processor divides the action to be performed into a

sequence of basic steps such that each step can be completed in one clockcycle.

Let P=length of one clock cycle R=clock rate. Relation between P and R is given by

R-1/P which is measured in cycles persecond.

Cycles per second is also called hertz (Hz).

T'o execute one instruction there are 3 basic stepsnamely

1. Fetch

✓2. Decode

3. Execute.

The processor uses one clock cycle to perform one operation as shown in

the figure ClockCycle

Instruction

TI T2 T3

Fetch Decode Execute

BASIC PERFORMANCE EQUATION

Let Tprocessor time required to execute a program

N=actual number of instruction executions

S-average number of basic steps needed to execute one machine instruction

Rclock rate in cycles per second.

The program execution time is given by

NS

R
Equation is referred to as the basic performanceequation.

To achieve 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 number of basic steps to perform.

Dept of CS&E,S J MIT
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→ The value of R can be increased by using a higher frequency clock.

Care has to be taken while modifying 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

successive instructions using a technique called pipelining.

Consider the instruction

Instruction 1: Add R1, R2, R3

Instruction 2: Move R4, R5

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

cycle 1 cycle 2 cycle 3 cycle 4 cycle5 cycle 6

Instruction 1 Fetch Decode Execute

Instruction 2 Fetch Decode Execute

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

Instraction 1

Instruction 3

cycle 1 cycle 3 cycle 3 cycle 4 cycle 5 cycle 6

Fetch Decode Execute

Fetch Decole 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.

In the ideal case, if all instructions are overlapped to the maximum degree possible,

execution proceeds at the rate of one instruction completed in each clockcycle.

A higher degree of concurrency can be achieved if multiple instruction pipelines are

implemented in the processor i.e. 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

instruction in every clockcycle.
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PERFORMANCE MEASUREMENT

Basic perfpomance ereation depends on "many many paramete
hence is not reliable indicator of Expected perfomance

in momy cases.

To differentiate compare difterent processars, we can

se standerdized programs called "benchmark programs

An orgarnizatios called system performance Evaluation Coap

-oration (SPEC) selects and publishes progs for different
application domeins

The SPEC was developed in the year 1995 later it was

modified in the year 20vo colled os SPEC95 & SPEc
2000.

A programs are setected from nariory. fiebts like games

System Software, databese, numerical celculations esc. The prog
.is compiled for Heū compnter cunder test, &the ruenming fime

on real komp is meetured. Tu Some prog is compiled

and nun on reference comp.

* Fas SpEe 95 reference comp is SUN SPARC Station 10/4о
for SPEC 2000 reference comp i Ulhra SPARC.10 Worktatio

SPEC Rating _ Ruming fime on reference commputer
Ruming time on computer cender test

SPEC Refing -20 indicates comp under test 20 times

foster than reference comp for that particutar benchmork.

The test is repeoted for all progs in tHeo SPEC Swite
geometric mean of thw result is computed.

SPEC Reing = (T  SPECI) Yn where n is ter

ofo drags in tHer Suite

n
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MACHINE INSTRUCTIONS AND PRUCRAMS

# Memoty Addressing [Memosy Locations and Addresses]

•) Information may be cither an intruction number an

encoded character. And this information Pe stoted in main

memdly. Memotly P& oforganized such that a goqroup of n- bitg
can be stored ot retrieved in a single operation.

) So 'o' ts called af wold length and group of n-bits fo
refferwred to as a word of infotmation. The word length t ean

vary from 8 to 6fe bite.

•) Accessing the mersmemoly foy leading and wliting an item
viequrce distinct addarese for cach location. If K ie the
number of address linee, then t oddresser conetituted the

adodiese space of the computel. If K=20, we have on
addres& space 2t0 = 1M (imega) and if k= 30, the
addrers space it 2= 14Cigiga) locationg.
•) If the word length it 32 bite, then a memory word can
store a 32 bit signed integer or H ASCll  charaiters as
Shewon in fly bctesene and alto a schematice viepresentation of
main memory ft ot shomo in fig below:

Memoчy
Structre

-n bitd

Frorst word

Second word

ith word

+

last word.

Fiy I: Memory Strucfwre.notesforvtu.in



figI showy the memory structure. Io thie, the size oof
the word is 32 bites and foy cach word location, we

have addsieRs as shown. To exocute oue proqurard, we hove to
move our program furom selosecondary storage to thi& main
memoty. fAlong with thie we need to store the vequrred
data also.

Encoded information in a 32-bit word.

MSB

b31
32 bitd

LSB

bo

Sign bit b31 = 0 for positive numbere
631 = 1 fot negativeve number8.

FigaCas: A signed integer

8 bits

ASCII

Character

8 bits

ASCII

Character

8 bit&

ASCII

Character

8 bit &

ASGII

Gharacter.

Fig  2 (b) : Examplex Of enco ded in/ormation in 3 2bit
Nord.

fig& (a) showe the vreprecentation u ot storage of a eigned number.
Hore we can stote a 32 bit signedstgned integer. The last bit
CMSB bit) is used as sign bit. if thie bit is I,  then the
number if negative. If thie bit is O, then the number
is positive.

Feg 2 (b) show& the storage I of or orepresentation of
Your ASCII character.notesforvtu.in



# Byte Addressability :

The Geneweal arrangement of memoly it to have
"successive addrers veefer to successive byte locatione in the
memory! That is, cach location containe one byte of
information. Thie is called byte addolessability.

If the word length is 32 bie, then they rre
divided into 4 byter and store in f consecutive addre &
locatione. Successive words are located at address 0,4,8--
with cach word hhaving 4 bytes
Hevre, we have two typer of byte arrangemente as followE !

Big- Endian aassignment.
) Little-Endian ass?assignment.

(*1) Blg-Endian Aisigmenf

Storage of Gylven data in bigendianassigmen't :

Given data = 22354456Nord Bybe Address
Address

O 2 3 1000
22

H H 5 100/6 35
1002 4H

First
Mata1003 56

1004

2-4 2-2 هشا

Boundary
Second

data

LA/HB

En Big -Endian assigment, a word address if same
af that of the most eignificant (leftmost) byte of the word.

This system is used in Mototola and Power PC
purocessor.

Here, bigher byte of data is stored at lower address and

lower byte of data is stoted at highen addrere.notesforvtu.in



(*2) Citle - Endion-Assignment.

No
rd

Add
ore

se

-4

0

Byte Address.

3 2 0

H 6 5 4

Storage of Gyiven data in

(ittle-endian assignment:
Given Data = 2235 4456

1000 56

1001 44

1002

LAILB
35

first
Data

1003 2

Boundasry
Second

ata.

En Little- Endian assignment, a word address ie same
as that of the least significont (orightmost) byte of the

wold, Thes siystem is eused in intel processor

Here, lower addreffer contain tow-order bytes of data.

Accesting. Numbers,  characters, and Charactes Strings

•) In case of a I2 bit, boundaries occwe at addeeEEеE

0,4,8-- af shown in tig above. So cooed locationa

have aligned addres&.  To aceces a number in memoty
worde addreer it specified, Similarly, charatere can be
ascessed by specilying their byle address.

• To handle a charaster string of vortable length, the
beginning of the string is indicated by giving the addite!
of the fiveet character. The length of the string on by ter
can be saved ina memoty location or processot register.
•) Anothorway to khoww the tength of the ststring is to be
use a special control chararter as the last charaiter
in the string with the mmeaning " end of stueing.notesforvtu.in



# MMemory peratione.:

To execute our рнодмат, рмоgram instruitione and the
vrequired operands must be stored in the memoty. To execute
an instaruction, theprocessot has to obtaio data from the
memoly asing contiiol signale. The sresult of the operation may
also copled to the memtry.!De have I typer of mematyoperatione as explained below.

1 Load (Read of fetch) :

This operation tranefere a copy of the contents of the
speesfred metnoty locatione to the processor vregieter.
Contente of memory are not changed, but the porevious
content of tht oregistor is lost. Thestepe are:

Porocessor sinde the addiepe of the destored nmemory location.
Porocessor issuef a tead control fignat to memoly torequest the data

Memory senda the data to the processot.
Data gets stoted in process0r register.

2) Store (wotite)
This operation transfeis the information fstom theproces:0t register to the memoly location specified in theinstruction, "thik will destoroy the otiginal contente of thatmemory location. The stepe are:

= Poroessor sende the addreeE of the memrmemay location wheveit wante to store data.
= Porocesso isisscuee a write conteol sisignat to memdryto store the data,

=y the content of the porocessot vie gister ter ieie written ito theepecified menory location. (data viemaing in the registeralsol
notesforvtu.in



# Instuuctiors And Dnstorurtion SequencingSegua

•) Register Toransfer Notation."

•) Assembly RLanguage Notation
•) Tisper of Instruction.

:

• Steraight tine sequencing and instaruction execution

Boranching and condifioh codes.

A computer porforme its tack autiding to the program
stoted in metmory. A proguram is a finite colletion of the

instructione, which telle the processor to perform baste operationg
like additton, reading fom keyboard ste. A computer
should have motuuctione to perform atleast four type of
operations listed Below :

)Data trans/or b/w menory and processor registere.
) Avltthmetic and logical operation on data

Pur
Pornguram seguening and contro!
1/0 Toeans ots

A completo instruction set is oreff  ored to aE the

Instouution Let Avichitieture (ISA) of the proessot.

In addition to specifying instutuction, an ISA also epcetifier
the addressing methods used fot accessing data oprand
and process0t registers

** Register Trane/ey Notation в
This ts also calted as Regiatos Toransfer Language (RTL)

In thie, we can inIndentify the memdty locartton by a symbolie
name in uppercase alphabete . The name indicater He
addrese

Foy Example, LOCN, NUM, TABLE etenotesforvtu.in
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indicates memormemory location: (tostead of the actual addrets
like 1000, 2000 ete): stmilouily, porocessot,  register asre
Indicated by an uppurcase alphabet followed by a

numeveal such af R1, RH tte. I/0 vreglstere are exporessed이

af DATAIN, DATAOUT bufferetc.

The content of a location Pe denoted by the
plocing squaresquare brackets around the name. The vigh't-hand

Iide of an RTN (Register Tmans/or Notation) exputeseion if
alwaye denoter a Value and the leleft -hand side is the
symbolte name whede the value t to be stored. Al
RTN statement& will hove an arrow' symbol, whose

left side Pe the distination and the veight side is the source

Source content& are not madifted. Destination contente are

changed
Example : Gonsider a RTN Statement () RIE [LOCN]

Thie operation fonsfoes  forans/0r8the contente of memory
location LOCN Prto processor vregister RI. The contente

of LOCN Pe not changed sbut the previos content of

RI fE lost, by overwsriting with a news value.

Gonsider another example (11) R3 [R1] +[R2]

Thir will be add the contente of two orlegistv
R1 and R2 and place the sum into registey R3.

notesforvtu.in



# Assembly Lanquage Notation

) The RTN notation i& casy to undrstand, but cannot be

vepresent marhine instauctions, Since the groessoy
unduustanda only binary format, we need to use a notation

which could be converted into machine Canguage format

effectively.
of fou thie, a newd format called Assembly Canguage is used.
Here, we use Englleh like worda ( called mnemonics) to
reporesent an operation uniquety. Fot example, statement (i)above can be writfen in aatsembly as: Move LOCN, RI.
Similaily, the addilion operation in (il) can be expressed
of Add R 1, RQ, R3.

# Typee Of Instruction.

we have 4 typee of instoruction as follows :
To study thise instarurttond conider ithe operation

C = A + B operation.

1) Thoree addres8 instontion

2) Two addrese instaruction

3) One OM Single address instoruction
4) Zero addregs instruction.

notesforvtu.in
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To study the above instruction typer : we have 2 conventiorn

@ Nhile worlting the instution, souice operands are wriitten

(2)

first, and then destination operands. (Mototola 68000)

Nhile writing the instoruution, destination operands are

wsritten fitst,, and tben souice operande

(Inted and Powet PC). In this notes you have to follow

flist convention.

(as Thoree Address Instruction :

The genewal format ot cyntax of this thiee-addutee& inebruntt
is af follows:

Opuration Source I, Source 2, Eestin ation.

To perform C= A +B operation we can write a & addiсвE

instrruction ar foltows&3 Add A, B. C.

Heore A and f are sowice opergde and Gie destination
operand and Add is the oporalion to be purformed. Thig

type has the disadvantages that, Pnstoention ode will be
too large to fit on one wold location in memoty.

(b) TNO addrees Instuction

rsyntaх

to Tthe ganaisl foresat t opto of the 2 aorsys thitanerton
io not suffietent for purforming thie operation

eration we need

twox

Opration Sowrie, Destination

notesforvtu.in



To perform C= A+B opration we can write a I addter в

instuectione af follows & Here single instruction is not

suffieient fo4 peyfouming thie operation.
. We need two

insteructiong as followe:

Move , C Move A,C
04

Add A, C Add B, C

One r Single Addres: InstruitionGada

The geneval foumat or syntar syntax of thiz one addres &
insturuction i as follov0s.

Operation Souice /Destination.

Hwre, an instoruction epecifier only memdly oprand which
may be souice destination. The other oporand is
Pnplied to be a processor vrедiкенreqister called accumalatol.

All opratione are to be performed on the contente
of accumcelatot.

To perform C= AtB operation sue can waitle a one

addarces instauitione ar followe. Here stgraр

cingle instruction is not suffietent s fot pe/oroning
thie opration.

Nee need thoree instarcction& as followe
Load A Coad B

or
Add Add A

Store C Store C.notesforvtu.in



(d) Zero Addres& Instwtion.

The Gyeneral format  (ot syntax of this rero addrese
insturetion is as follow

Operation no operand (s)

•) Io thie case, the localion& of all operande are defined
implicity. The operands are stored in a stouucterre called
pushdown stack. Instorotion example : push and

pop instructione on pushdoon staek.

•) In the above examplee , it can be seen that, when

wande asre in memoty, the data has to be moved
b/p proceztt and memory fbrequently. So tiie
will inorease the ixecation fime.

•) Therofore, the data fransfers that involve memdly arre

such sloww than the franefor within the processor.
Hence substantial speed imporovement can be achieved

swhen att oqurattone ace perfotmed on data poreeat
in processot oregisters.

•) But, this te aheays not postble stnee numboro
processor oregistersgistore to lese. ThereftteMe, data i?

genotally stoted in memotmemoty.
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* Stornight - (tne sequening And Instrurtion
Erecution

Consider the same operation C AtB: To peeform thiE
operation, tbree instuctions are written and stored ion the

main memory af shown in figure below :

Cantente

Move A, RI
Add B, RI

Address
Beadn

execufron hete ith

Move Rl,C

3- instoruction

proguram segment

Fig
: E

xam
ple

 fo
r

Str
uig

ht 
lin

e S
eqv

enc
ing

(Al
din

g 
Tr
oo
 nu

mbe
rs)

0

A

+8

Data for

the prograrn
C

Fig5: A Progoram fot= A + B

This feqore show& the main memory strucfure

layout. In thie layout structere we can see a 3-inibeuet

progaram for performing C = A+B operation. Execution

begine at ith memoty Tocation.

Using the fiust instaruction , contents of memdry

location A is fetchedetehed and moved to psrocesot oregittey RI.

Using the secand instaruction, contente of memory
location o ie feteheded and it Pe added to processol

veegister RI. sum is stored in R1.
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Ueing the gord instaruction, contente of process0y
eegistor Ri i& moved to memory location G.

Heore in the proguram execution, instmuc fong
are executed in seguence fo thie type of insttion

execution is called as Straight Stuaight line (ine sequencing sequen & taeution
After the exeuution of all 3 insturmtions, Sam

is stored fnto memory location C. This value can

be fetehed later for displaying fou printing.

# 3ranching And Gondition Codes

A Steaight - line progrат proqram for оч adding 'n'numbere

Address Contents

Begin
Precution

i
Move NUMI, RI

here it4 Add NUM2, RI
9+8 Add NuM3, RI

+4n-4 Add NUMO, RI
i+ en Move RI, NM

Sum
NUMI

NUM2

Num

Data for the
porogolam

6: A Sfoenight -(ene- program for adding
~n' num berg.notesforvtu.in



A

fiy 6 shows the main memory storucture or layout.
In thie layout f storucture we can see prograт

foy addingadding n' numbere aring streaight -(ine sequencing
technique. Execution begina at thie memory Cocation:

Using the fioustfivst instourtion, contents of memory Location
NUMI fs fetched and moved to processot vegietorRI.

Using the 2nd instuuition, contents of memoty locatton
Num2 P& fetched and it is added to processot oegister
RI. Sum is stored R1,

Using the 3ind insteuetion, contente of memory location

NUM3 t8 fetched and it is added to processor vregisterr
RI. Sum i& stored in RI.

Here in thie proquram execution ,n'number of add
Pnstouctions are requiied to add a numbere

Cif we use straight line sequence fechnique), So nth add

instawition will add nth vatue to Register R1 Sum
Stored 9n R1.

Move Rt, fum instortione movy the contente of
рмодмат нegister RI to memoly location sum.

finally aftor the execution of thie program sum i8 stored
into memoty location SUM. This vatre can be fetched later

for dieplaying or forfor qrinting
Drawbauk of this techniqeue i& that motenumbers of add

Inctrurtiong are vrequired for adding ninumbors , The

wil take mole memoly pace & akso it will  take mole
time to execute. To overcome this drawbaik we can

se branching instoetiong to addh' nambery are
explained beloue:notesforvtu.in
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# Puegram Structure Vsing a loop to add's numbus

Addres&

Begin
Cxecition here

Фиодимам (вор

Contente

Move N, RO

Clear R

Aefermine AddresE
Iof "Next"number &

add "Next number
to R

Devrement RO
Branth>0 LOOP
Move Ry, SUM

fif
: 
Eco

mup
le 

for
 Bo

anc
hin

g

ن

Lo
op
in
g

SUM
N

NUM

NUM 2

NUMn

n

Data for the
Progriam

Figy: Pro Рлодмат gram мucture ing a loop to add n'num berd.

figt showr the main memory structurelayout. In thie
layout stoucture, we can asсермодмам for adding
'n' nurmbers using branching technique. Execution Degine
from Move N, Ro instouctione.

In this layout, both program and regcired data ave

stored as shown in figure.
Ueing Move N, RO ineturuction, content of memoty bocation
Nis fetched & moved to processot vregister Rо

Using Clear Ry insteuitton, contente of processot vlegister
R1 i cleared (RI set to ).

Next using come inetruetione,
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we can determine addresE of "Next" number and aod

"Next" number to RI, Sum is Stored inRy.

Using Dausrement RO instuulion, contente of wegistr

RO Pz devremented by 1.

Using Bmanch o Loop Pnibeustion, content of orogister

RO is cheeked whether it Pr Oonot Ifitic gricater
than o, contrl must be trans/erred back to Loop

label. Othorwise the pregram should be tumin ated

Sum value Pe available in Ry vregister. It is stored in

fom mernoty location.

# Gondition Codes

(4) Porocessoy has to keep information about the viesule

of arithmetic and /or Cogical operation for subrequent
use in condifional branching Prituuitions

c Information ix vrecetided in individual biHE are called

condifion code lags. The flags te nothing but a flip
flop" whech can be set to I of eleared to O

depending on the riesults of the Aprthmette and @r

Cogical operation performed (iier, conternt of Accumulaty).

these flage are grouped in a speesal viegister called
Conditlon Code Register ThiE information i& used in case

of branching instoructions, Gondition code Register i
aso called as status Registor.notesforvtu.in
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In Condition Code Register we have flage, cach flag
containe one bit of infetmation as explained below

Negative
lag (N)

Ze40

flag (2)
Overflow
Haq (v)

Caruy

flag Cc)

Gendition Gode Register Ot Statecs Register.

N(Negative)-set tof I of the result ienegalivei
else cleared to 0

Z (Ze10) set to I if therresulf ie zroj
else cleavred to 0

N (overylow)- set to & if arithmetic oveor flous
Occar&; else deared to 0

C(carry) - eet to I if corry -out vresulte

fweom the operation ; edse clearred to o

Bared on the vabre of the flags, a conditionad boranch
instuuurtion can be used in the programm , to alter

the program sequence.
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ADDRESSING MODES

Computer Organization 18CS34

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

addressing modes.

OR

The various formats of representing operand of an instruction or location of an

operand is called as "Addressing Mode".

The different types of Addressing Modes are

a) Register Addressing

b) Direct Addressing

c) Immediate Addressing

d) Indirect Addressing

e) Index Addressing

f) Relative Addressing

g) Auto Increment Addressing

h) Auto Decrement Addressing YAAdditional Addressing modes.
Variables & constants are the simplest data-types and are found in almost every computer

program.

In assembly language, a variable is represented by allocating a register (or memory-

location) to hold its value. Thus, the value can be changed as needed using appropriate
instructions.

Effective Address:

It is the addres of memory location where
actuatty the operand is stared.

a) Register Mode

The operand is the contents of a register.

The name (or address) of the register is given in the instruction.

Registers are used as temporary storage locations where the data in a register are

accessed. TEA Ri

Example: Move R1,R2

Copy content of register R1 into registerR2

Dept of CS&E,S J MI T
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Computer Organization 18CS34

b) Absolute (Direct) Mode 0n Memorny Addressing mode

The operand is in amemory-location.

The address of memory-location is given explicitly in the instruction.

For example, the instruction,

Example: Move LOC,R2 EA=LOCN

Copy content of memory-location LOC into registerR2

c) Immediate Mode

The operand is given explicitly'in the instruction.

For example, the instruction, EA= operdind = value!

Example: Move #200, RO Place the value 200 in register RO

Clearly, the immediate mode is only used to specify the value of a source-operand.

d) Indirect Addressing 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 determined.

We refer to this address as the effective address (EA) of the operand.

The EA of the operand is the contents of a register or memory-location whose address

appears in the instruction.

Indirect addressing through a register that contains the address of an operand is called

a pointer. {The indirection is denoted by () sign around the register or memory-location}.

Example: Add (R1),RO EA= CRi)

The operand is in memory. Register R1 gives the effective- address (B) of the

operand. The data is read from location B and added to contents of register RO.

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

as the EA of the operand.

*
It requests a read operation from the memory to read the contents of location B. The

value read is the desired operand, which the processor adds to the contents of register RO.

*
Indirect addressing through a memory location is also possible a

s shown in fig (b).

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

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

EALOCA

Dept of CS&E,S J M IT Page 25
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B

R

Add (RDRO

Operand

B

Computer Organization 18CS34

Add (A),RO

Main

memory

A B

Register B Operand

(a) Through a general-purpose register

Figure 2.11 Indirect addressing.

Example:

Move N.RI

(b) Through a memory location

Move #NUM1,R2

Clear RO

LOOP Add (R2,RO
Add #4.R2

Decrement R1

Branch0 LOOP

Move RO.SUM

Initialization

* In above program, Register R2 is used as a pointer to the numbers in the list, and the

operands are accessed indirectly throughR2.

The initialization-section of the program loads the counter-value n from memory-location

Ninto R1 and uses the immediate addressing-mode to place the address value NUMI, which

is the address of the first number in the list, into R2. Then it clears R0 to0.

* The first two instructions in the loop implement the unspecified instruction block starting at

LOOP.

The first time through the loop, the instruction Add (R2), R0 fetches the operand at location

NUMI and adds it toRO.

* The second Add instruction adds 4 to the contents of the pointer R2, so that it will contain

the address value NUM2 when the above instruction is executed in the second pass through

the loop.

e) Index Addressing Mode

A different kind of flexibility for accessing operands is useful in dealing with lists and

arrays.

Index mode

The operation is indicated as X(Ri)

Dept of CS&E,S J M IT

EA=[R:]+x
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where X=the constant value contained in the instruction, Ri=the name of the index

register.

The effective-address of the operand is given by EA=X+[Ri]

The contents of the index-register are not changed in the process of generating the

effective- address.

In an assembly language program, the constant X may be given either

→ as an explicit number or

as a symbolic-name representing a numerical
 value.

Fig(a) illustrates two ways of using the Index mode. In fig(a), the index register, R1,

contains the address of a memory
 location, and the value X defines 

an offset (also called

a displacement) from this address to the location where the operand is found.

An alternative use is illustrated in fig(b). Here, the constant X corresponds
 to a

memory address, and the contents of the inde
x register define the offset to the operand. I

n

either case, the effective address is the
 sum of two values; one is given explicitly 

in the

instruction, and the other is stored in a register.

1000

20offet

Add 20(R1), R2

1020 Operand

Add 1000(R1),R2

1000 RI 1000

20 offset

1020 Operand

he b

20

Base with Index Mode

• Another version of the Index mode uses 2 registers which can be denoted as (Ri,Rj)

Here, a second register may be used to contain the offset X.

The effective-address of the operand is given by EA=[Ri]+[Rjl

This form of indexed addressing provides more flexibility in accessing operands,

because both components of the effective address can be changed.

Base with Index & Offset Mode

• Another version of the Index mode uses 2 registers plus a constant, which can be

Dept of CS&E,SJ MIT
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