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Computer Organization

Lecture - 3 -

Computer Science Dept.

Instructor: Marthed Hussein

The Memory

The Memory: To operate on data, it is necessary to

read it from memory and move it to the processor

(specifically, to the ALU). Information stored in

memory can be either machine instructions or data.

Computer memories have the following features:

1. Memory is organized in equal-size units called
cells.

2. Only binary information (bits, zeros and ones) can
be stored in a computer memory.

3. There are only two memory operations, read and
write.
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The Memory

Certain familiar values for memory are 8K, 64K, 256K, 1M,.
The quantity K (the letter K stands for “Kilo”) is normally
defined as 103 = 1000 but, since computers use binary
numbers, the quantity K that’s used in computers is defined
as the power of 2 that’s nearest 1000. This turns out to be

210 = 1024.
Thus, 8K is 8x210 =8192,
64K equals 26 x210 = 65536.

Similarly M (Mega) is not defined as a million (10°) but as
220 - 1024K, which is a little more than a million.
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The Memory

The two main types of semiconductor memories are ROM
and RAM. The ROM stands for “read only memory.” The
computer can read from this type of memory but cannot
write into it. Data can be written in ROM only during its
manufacturing process.

Some types of ROM can be written to (programmed) using a
special device located outside the computer. RAM is
Read/Write memory and is of more general use.

The “memory read” operation consists of four steps:

1. Send an address to memory.

2. Send a “read” signal to memory.

3. Wait for memory to prepare a copy of the data to be read.

4. Move the content from memory to where it should go.

The Memory
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The Memory

RAM
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The ROM Memory

wNEe

ROM (Read Only Memory). The memory can only read but
cannot write on it. This type of memory is non-volatile.
The information is stored permanently in such memories
during manufacture. A ROM, stores such instructions that
are required to start a computer. ROM chips are not only
used in the computer but also in other electronic items
like washing machine and microwave oven.
The various types of ROM:
ROM (Read Only Memory)
PROM (Programmable Read only Memory)
EPROM(Erasable and Programmable Read Only
Memory)
EEPROM(Electrically Erasable and Programmable Read
Only Memory)
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The ROM Memory
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The various types of ROM:

1.

2.
3.
4

ROM (Read Only Memory)

PROM (Programmable Read only Memory)

EPROM(Erasable and Programmable Read Only Memory)
EEPROM(Electrically Erasable and Programmable Read Only
Memory)

The ROM Memory

ROM(Read Only Memory): The very first ROMs that
contained a pre-programmed set of data or instructions.

PROM (Programmable Read only Memory): PROM is
read-only memory that can be modified only once by a
user. It can be programmed only once and is not erasable.

EPROM(Erasable and Programmable Read Only Memory)
The EPROM can be erased by exposing it to ultra-violet
light for a duration of up to 40 minutes.
EEPROM(Electrically Erasable and Programmable Read
Only Memory) The EEPROM is programmed and erased
electrically. Both erasing and programming take about 4 to
10 ms.

12/23/2024



12/23/2024

The ROM Memory

= Advantages of ROM:

Non-volatile in nature.

Cheaper than RAMs

Easy to test

More reliable than RAMs

These are static and do not require refreshing
Its contents are always known and can be
verified.
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The ROM Memory

= Advantages of ROM:
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CPU Components
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CPU Components

Program Counter(PC) register: contains the address of

current instruction.
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Instruction register: contains a copy of current instruction.
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Registers Units: a group of ultrafast general purpose

registers for reading and writing during a program run.

ALU: for the calculation, logic, shifts and comparisons

operations.
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System Buses

System Bus: The CPU and Memory (RAM) are normally
connected by three Groups of connections, each called a
bus: data bus, address bus and control bus.

Memory

Data bus

CPU
E 2

Address bus

Control bus

System Buses

Address bus: unidirectional : group of wires which carries
address information bits from processor to Memory.
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Data bus: bidirectional : group of wires which carries data
information bit from processor to Memory and vice —versa
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Control bus: bidirectional: group of wires which carries
control signals from processor to Memory and vice —versa
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CPU Basic Organization
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CPU Basic Organization: The ALU

The ALU of a modern computer is a complex device that can
execute the many operations specified by the machine
instructions. These operations, can be classified into three
categories, namely arithmetic, logic, and shifts. In addition,

the ALU also performs comparisons.
Logical operations (AND, OR, NOT, XOR)

Integer Addition and Subtraction
Integer Multiplication

Integer Division

Shifts

Comparisons

The ALU

¢ Logical operations (NOT,AND, OR, XOR)

NOT, inverter

AND Gate

A
B

Rk |lOolOo|>|®

RO, | O|W®
R OO |0 |X
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The ALU

+»* Logical operations (NOT,AND, OR, XOR)

OR Gate
A

Dk

XOR Gate

b

R lRrO|lO|>
R O|Rr| O
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R | O|lrRr | O |
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The ALU

¢ Integer Addition and Subtraction

The simplest arithmetic operations

are adding and

subtracting two bits A and B. The table below lists the sum
S, carry C, difference D, and borrow R resulting from these
operations. (where € is the XOR operation)

A+B A-B

A B S C D R
0 0 0 0 0 0
0 1 1 0 1 1
1 0 1 0 1 0
1 1 0 1 0 0

Table: Adding and subtracting two bits

S=A®B
D=A®B
C=AB
R=A"B
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The ALU

+* Integer Addition and Subtraction
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A+B A_B
A B s C D R S=ADB
0 0 0 0 ) D=A®B
0 1 1 0 1 1 C=AB
1 0 1 0 1 o0 R=A-B
1 1 0 1 0 0

Table: Adding and subtracting two bits

The ALU

The adding two bits requires an XOR and AND gates, and
subtracting them requires the same gates and an inverter.

These two simple operations are similar, so they can be
combined in one device with a control line specifying which
operation is required. Such a device is called a half-adder-
subtractor (HAS) because it deals with pair of bits.

A B A B

. : ||
S : D -

B‘j Halt B‘j Halt
adder Subtractor

A S A

1 ) T e
B s C S R
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The ALU
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The ALU

A full adder (FA) and full subtractor (FS) operate on entire
numbers, not just a single pair of bits, by propagating the carry
or borrow. To propagate the carry we need a circuit that can add
two bits and a carry. Unlike the half-adder, such a circuit has
three inputs and two outputs, it is called a full adder, and its

truth table and logical design are shown below.

T N A DB
o |
-
Half Half
adder adder

4

L1
C

ABTT

| ]

Full

adder

o e
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The ALU
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The ALU

A full adder Truth table.

S=ADB PT

C=ABT+ABT+ABT+ABT
=
ol

== Dy
=D
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The ALU

Example: Determine the outputs for the inputs in full-adder shown.

FA FA

| — 4 | — A
S ? S ?

0 B 1 B
CDI.I( & Cout ?

0— G, 0—GCy

FA

COIJI

The ALU

+» Parallel Binary Adders

Two or more full-adders are connected to form parallel binary adders.
To add two binary numbers, a full-adder (FA) is required for each bit in
the numbers. So for 2-bit numbers, two adders are needed; for 4-bit
numbers, four adders are used; and so on. The carry output of each
adder is connected to the carry input of the next higher-order adder.

A=11
Ay Ba A B
B=01
- Carry bit 0
l, A B C, A B C,
! FA2 FAl
[])i Comw £ Com X
+
— T T ]
100 I ) Z
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The ALU

Parallel Binary Adders <«
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