Experiment No 1
Design of Ripple Carry Adders
Title: Write a program to implement Ripple carry adder.
Objective: To understand the operation of a ripple carry adder, specifically how the carry ripples
through the adder.

Pre-requisites:

1. Binary Arithmetic
2. Ripple carry Adder Theory

References: 1. Carl Hamacher, Zvonko Vranesic and Safwat Zaky, “Computer Organization”, Fifth
Edition, Tata McGraw-Hill.
2. John P. Hayes, “Computer Architecture and Organization”, Third Edition.
3. William Stallings, “Computer Organization and Architecture: Designing for
Performance”, Eighth Edition, Pearson.
Theory:
The block diagram of 4-bit Ripple Carry Adder is shown here below -

The layout of ripple carry adder is simple, which allows for fast design time; however, the ripple carry
adder is relatively slow, since each full adder must wait for the carry bit to be calculated from the
previous full adder. The gate delay can easily be calculated by inspection of the full adder circuit. Each
full adder requires three levels of logic. In a 32-bit [ripple carry] adder, there are 32 full adders, so the
critical path (worst case) delay is 31 * 2(for carry propagation) + 3(for sum) = 65 gate delays.
The corresponding boolean expressions are given here to construct a ripple carry adder. In the half
adder circuit the sum and carry bits are defined as
sum = A ⊕ B

carry = AB
In the full adder circuit the the Sum and Carry outpur is defined by inputs A, B and Carryin as
Sum=ABC + ABC + ABC + ABC
Carry=ABC + ABC + ABC + ABC
Having these we could design the circuit. But, we first check to see if there are any logically equivalent
statements that would lead to a more structured equivalent circuit.
With a little algebraic manipulation, one can see that
Sum= ABC + ABC + ABC + ABC
= (AB + AB) C + (AB + AB) C
= (A ⊕ B) C + (A ⊕ B) C
=A ⊕ B ⊕ C
Carry= ABC + ABC + ABC + ABC
= AB + (AB + AB) C
= AB + (A ⊕ B) C

Conclusions:

Post Lab Assignments:
•

What is the gate delay in a 32 bit ripple carry adder?

•

What is the disadvantage of ripple-carry adder?

•

What is the major difference between half-adders and full-adders?

Experiment No 2
Design of Carry Look Ahead Adders
Title: Write a program to implement Carry Look ahead adder.
Objective:

To understand the operation of a Carry Look ahead adder, specifically how it computes
the carries parallely thus greatly speeding up the computation.

Pre-requisites:

1. Binary Arithmetic
2. Carry Look Ahead Adder Theory

References: 1. Carl Hamacher, Zvonko Vranesic and Safwat Zaky, “Computer Organization”, Fifth
Edition, Tata McGraw-Hill.
2. John P. Hayes, “Computer Architecture and Organization”, Third Edition.
3. William Stallings, “Computer Organization and Architecture: Designing for
Performance”, Eighth Edition, Pearson.
Theory:
To reduce the computation time, there are faster ways to add two binary numbers by using carry
lookahead adders. They work by creating two signals P and G known to be Carry Propagator and
Carry Generator. The carry propagator is propagated to the next level whereas the carry generator
is used to generate the output carry , regardless of input carry. The block diagram of a 4-bit Carry
Lookahead Adder is shown here below

The number of gate levels for the carry propagation can be found from the circuit of full adder. The
signal from input carry Cin to output carry Cout requires an AND gate and an OR gate, which

constitutes two gate levels. So if there are four full adders in the parallel adder, the output carry C5
would have 2 X 4 = 8 gate levels from C1 to C5. For an n-bit parallel adderr, there are 2n gate levels to
propagate through.
Design Issues :
The corresponding boolean expressions are given here to construct a carry lookahead adder. In the
carry-lookahead circuit we ned to generate the two signals carry propagator(P) and carry generator(G),
Pi = Ai ⊕ Bi
Gi = Ai · Bi
The output sum and carry can be expressed as
Sumi = Pi ⊕ Ci
Ci+1 = Gi + ( Pi · Ci)
Having these we could design the circuit. We can now write the Boolean function for the carry output
of each stage and substitute for each Ci its value from the previous equations:
C1 = G0 + P0 · C0
C2 = G1 + P1 · C1 = G1 + P1 · G0 + P1 · P0 · C0
C3 = G2 + P2 · C2 = G2 P2 · G1 + P2 · P1 · G0 + P2 · P1 · P0 · C0
C4 = G3 + P3 · C3 = G3 P3 · G2 P3 · P2 · G1 + P3 · P2 · P1 · G0 + P3 · P2 · P1 · P0 · C0

Conclusions:
Post Lab Assignments:
•

What is the worst case delay of an n-bit carry look ahead adder?

•

What is the advantage of carry look head adder over ripple carry adder?

•

Design 16 bit CLA using four 4 bit CLA?

Experiment No 3
Unsigned binary multiplication
Title: Write a program for Unsigned binary numbers multiplication.
Objective: To understand the behavior of Unsigned binary numbers multiplication.
Pre-requisites:
1. Binary Arithmetic
2. Ripple carry Adder Theory
References:
1. Carl Hamacher, Zvonko Vranesic and Safwat Zaky, “Computer Organization”, Fifth Edition, Tata
McGraw-Hill.
2. John P. Hayes, “Computer Architecture and Organization”, Third Edition.
3. William Stallings, “Computer Organization and Architecture: Designing for Performance”, Eighth
Edition, Pearson.
Theory:
Binary numbers are closely related to digital electronics. With digital electronics a ‘1’ means that
current / electricity is present and a ‘0’ means it is not present. The different parts of a computer
communicate
through
pulses
of
current
(1s
and
0s).
As we all know, computers can calculate complex equations and perform complex mathematics at
lightning speed. Calculating using only 1s and 0s is called the BINARY SYSTEM.
Shift-and-add multiplication is similar to the multiplication performed by pa-per and pencil. This
method adds the multiplicand M to itself Q times, where M de-notes the multiplicand and Q denotes
Multiplier. To multiply two numbers by paper and pencil, the algorithm is to take the bits of the
multiplier one at a time from right to left, multiplying the multi-plicand by a single bit of the multiplier
and placing the intermediate product in the appropriate positions to the left of the earlier results.
In Unsigned binary multiplication algorithm , A stores the most significant bits of the result , C is the
carry bit for A , Q initially stores the multiplier but at the end stores the less significant bits of the
result. C, A, Q are right shifted as a whole and final result available in A and Q.

Execution of Example

Flowchart for Unsigned Binary Multiplication

Conclusion:

Post Lab Questions:
1. Show the multiplication of 12 and 14 using unsigned binary multiplication algorithm.
2. Write disadvantage of above said algorithm.
3. Write the hardware description of unsigned binary multiplication algorithm.

Experiment No 4
Booth’s Algorithm
Title: Write a program to implement Booth's algorithm for Multiplication.
Objective:

i) To understand the behavior of Booth's multiplication algorithm
ii) To understand the advantages of Booth's multiplier


It can handle signed integers in 2's complement notion



It decreases the number of addition and subtraction



It requires less hardware than combinational multiplier



It is faster than straightforward sequential multiplier

Pre-requisites:

1. Binary Arithmetic
2. Booth’s Algorithm Theory

References: 1. Carl Hamacher, Zvonko Vranesic and Safwat Zaky, “Computer Organization”, Fifth
Edition, Tata McGraw-Hill.
2. William Stallings, “Computer Organization and Architecture: Designing for
Performance”, Eighth Edition, Pearson.
Theory:

Booth’s algorithm is depicted as shown in figure below and can be described as
follows:
The multiplicand and multiplier are placed in the M and Q registers respectively. A 1
bit register is placed logically to the right of the LSB (least significant bit) Q0 of Q
register. This is denoted by Q-1.
A and Q-1 are initially set to 0. Control logic checks the two bits Q0 and Q-1. If the
two bits are same (00 or 11) then all of the bits of A, Q, Q-1 are shifted 1 bit to the
right. If they are not the same and if the combination is 10 then the multiplicand is
subtracted from A and if the combination is 01 then the multiplicand is added with A.
In both the cases results are stored in A, and after the addition or subtraction
operation, A, Q, Q-1 are right shifted. The shifting is the arithmetic right shift
operation where the left most bit namely, An-1 is not only shifted into An-2 but also
remains in An-1. This is to preserve the sign of the number in A and Q. The result of the
multiplication will appear in the A and Q.

Experiment No 5
Restoring and Non –Restoring Algorithm
Title :

Objective:

Write a program to implement Restoring and Non –Restoring algorithm for
Division.
1. Understanding behaviour of division algorithm for unsigned numbers
2. Implementing Restoring and Non –Restoring algorithms

References:

1. Computer Organization – Carl Hamacher, Zvonko Vranesic , Safwat Zaky
2. Computer Organization and Architecture – William Stallings

Theory:

Division operation implements as follows :It position the divisor appropriately
with respect to the dividend and performs a subtraction If the reminder is zero or
positive, a quotient bit of 1 is determined, the remainder is extended by another bit
of the dividend, the divisor is repositioned, and another subtraction is performed.
On the other hand, if the remainder is negative, a quotient bit of 0 is determined,
the dividend is restored by adding back the divisor, and the divisor is repositioned
for another subtraction.
Restoring Division
An n-bit positive divisor is loaded into register M and an n-bit positive dividend is
loaded into register Q at the start of the operation. Register A is set to 0. After the
division is complete, the n-bit quotients in register Q and the remainder is in
register A. The required subtractions are facilitated by using 2’s complement
arithmetic. The extra bit position at the left end of both A and M accommodates
the sign bit during subtractions.
Nonrestoring Division
The restoring-division algorithm can be improved by avoiding the need for
restoring A after an unsuccessful subtraction. Subtraction is said to be unsuccessful
if the result is negative. Consider the sequence of operation that takes place after
the subtraction operation in the preceding algorithm. If A is positive, we shift left
and subtract M, that is, we perform 2A-M. If A is negative, we restore it by
performing A+M, and then we shift it left and subtract M. This is equivalent to
performing 2A+M. The q0 bit is appropriately set 0 or 1 after the correct operation
has been performed.

Algorithm:

Restoring Division
Do the following n times:
1. Shift A and Q left one binary position.

2. Subtract M from A, and place the answer back in A.
3. If the sign of A is 1,set q0 to 0 add M back to A (that is, restore A);
otherwise, set q0 to 1.
Nonrestoring Division
Step 1: Do the following n times:
1. If the sign of A is 0, shift A and Q left one bit position and subtract M from A;
otherwise, shift A and Q left and add M to A.
2. Now, if the sign of A is 0, set q0 to 1; otherwise, set q0 ti 0.
Step 2: If the sign of A is 1, add M to A
Conclusion:

Post Lab Assignment:
1. Using manual methods, perform the operations A/B on the 5 – bit unsigned
numbers A = 10101 and B = 00101
2. Explain how to perform division on signed operands.

Experiment No 6
ALU Design
Title: Write a program to design an arithmetic logic unit.
Objective:

Understanding behaviour of arithmetic logic unit
Designing an arithmetic logic unit for given parameters

References: 1. Carl Hamacher, Zvonko Vranesic and Safwat Zaky, “Computer Organization”, Fifth
Edition, Tata McGraw-Hill.
2. John P. Hayes, “Computer Architecture and Organization”, Third Edition.
3. William Stallings, “Computer Organization and Architecture: Designing for
Performance”, Eighth Edition, Pearson.
Theory:
ALU or Arithmetic Logical Unit is a digital circuit to do arithmetic operations like
addition, subtraction,division, multiplication and logical oparations like and, or, xor, nand, nor etc.
A simple block diagram of a 4 bit ALU for operations and,or,xor and Add is shown here :
Design Issues:
The circuit functionality of a 4 bit ALU is shown here, depending upon the control signal S1 and S0 the
circuit operates as follows:
for Control signal S1 = 0 , S0 = 0, the output is A And B,
for Control signal S1 = 0 , S0 = 1, the output is A Or B,
for Control signal S1 = 1 , S0 = 0, the output is A Xor B,
for Control signal S1 = 1 , S0 = 1, the output is A Add B.
The truth table for 16-bit ALU with capabilities similar to 74181 is shown here:
Required functionality of ALU (inputs and outputs are active high)
Mode Select
Fn for active HIGH operands
Inputs
Logic
Arithmetic (note 2)
S3 S2 S1 S0 (M = H)
(M = L) (Cn=L)
L L L L A'
A
L L L H A'+B'
A+B
L L H L A'B
A+B'
L L H H Logic 0
minus 1
L H L L (AB)'
A plus AB'
L H L H B'
(A + B) plus AB'
L H H L A⊕ B
A minus B minus 1

L
H
H
H
H
H
H
H
H

H
L
L
L
L
H
H
H
H

H
L
L
H
H
L
L
H
H

H
L
H
L
H
L
H
L
H

AB'
A'+B
(A ⊕ B)'
B
AB
Logic 1
A+B'
A+B
A

AB minus 1
A plus AB
A plus B
(A + B') plus AB
AB minus 1
A plus A (Note 1)
(A + B) plus A
(A + B') plus A
A minus 1

The L denotes the logic low and H denotes logic high.
Conclusions:

Post Lab Assignments:
•

Describe with a schematic diagram, how the ALU is connected to the processor registers
through common bus.

•

Design a 16-bit ALU with capabilities similar to 74181

Experiment No 7
Direct Mapping
Title :

Write a program to implement Direct Mapping.

Objective:

1. Understanding behaviour of direct mapped cache
2. Designing a direct mapped cache for given parameters

References:

1. Computer Organization – Carl Hamacher, Zvonko Vranesic , Safwat Zaky
2. Computer Organization and Architecture – William Stallings

Theory:

Direct mapping:

A given memory block can be mapped into one and only cache line.
Block identification: let the main memory contains n blocks(which require log2(n)) and cache contains
m blocks, so n/m different blocks of memory can be mapped (at different times) to a cache block. Each
cache block has a tag saying which block of memory is currently present in it, each cache block also
contain a valid bit to ensure whether a memory block is in the cache block currently.
•

Number of bits in the tag: log2(n/m)

•

Number of sets in the Cache: m

•

Number of bits to identify the correct set: log2(m)

The memory address is divided into 3 parts- tag(most MSB), index, block offset(most LSB) in order to
do the cache mapping.

This is the simplest technique which maps each block of main memory into only one possible cache
line. The mapping is expressed as
i = j modulo m
Where
i = cache line number
j = main memory block number
m = number of lines in the cache

Algorithm:

1.
2.
3.
1.
2.
3.
4.

Enter total number of blocks in main memory = a
Enter total number of cache memory blocks = b
Find the main memory block number = v
Calculate the tag bit of cache memory by c = v/b
Calculate the number of cache block by d = v modulo b
Output tag bit and cache block number
Stop.

Conclusion:

Post Lab Assignments :
•

A direct mapped cache consists of 16 blocks main memory contains 16K blocks of 8 bytes
each. What is the main memory address format i.e. the size of each field?

•

For a direct mapped cache design with 32-bit address, the following bits of address are used to
access the cache. (1 word = 4 bytes): tag=31-14, index=13-6, offset=5-0. answer the following1. What is the cache block size (in words)?
2. What is the size of the cache?

•

What are the advantages of using direct mapped cache?

Experiment No 8
Set Associative Mapping
Title:
Objective:

Write a Program to implement set associative Mapping.
1).Understanding behaviour of associative cache from working module
2).Designing a associative cache for given parameters

References: 1. Carl Hamacher, Zvonko Vranesic and Safwat Zaky, “Computer Organization”, Fifth
Edition, Tata McGraw-Hill.
2. John P. Hayes, “Computer Architecture and Organization”, Third Edition.
3. William Stallings, “Computer Organization and Architecture: Designing for
Performance”, Eighth Edition, Pearson.
Theory:

Combination of the direct and associative mapping techniques together forms a set
associative mapping. Here blocks of the cache are grouped into sets and the mapping
allows block of the main memory to reside in any block of specific set. Hence the
contention problem of the direct mapping is eased by having a few choices for block
placement. At the same time the hardware cost is reduced by decreasing the size of the
associative search.
The number of blocks per set is a parameter that can be selected to suit the requirement
of a particular computer. A cache that has k- blocks per set is referred to as k- way set
associative cache and this mapping technique is called k – way set associative mapping.
For set associative mapping the following formula is used to find a particular block from
the main memory is mapped to which set in the cache.
i = j modulo m
Where j = main memory block number
m = total no. of sets in the cache
i = cache set number

Algorithm :

Conclusion:

1. Enter total number of blocks in main memory = a
2 Enter total number of cache memory blocks = b
4.
Enter number of blocks in one sets = c
5.
Calculate number of sets d = b/c
6.
Enter main memory block number v
7.
Find set number as c = v/d
8.
Calculate tag bit number as f = v/d
9.
Stop

Post Lab Assignments :
1. Show Two –way set associative mapping for the following memory structure.
Cache size = 32K bytes
Main memory = 2 M bytes
Show the directory structure with number of tag bits.
2. A associative cache consists of 16 blocks. main memory contains 16K blocks
of 8 bytes each. What is the main memory address format i.e the size of each
field?

Experiment No 9
Design of Memory
Title: Write a program to design memory units.
Objective: To design memory units and understand how it operates during read and write operation.
References: 1. Carl Hamacher, Zvonko Vranesic and Safwat Zaky, “Computer Organization”, Fifth
Edition, Tata McGraw-Hill.
2. William Stallings, “Computer Organization and Architecture: Designing for
Performance”, Eighth Edition, Pearson.

Theory: A memory unit is a collection of storage cells together with associated circuits needed to
transform information in and out of the device. Memory cells which can be accessed for information
transfer to or from any desired random location is called random access memory(RAM). The block
diagram of a memory unit-

A memory with 4 words needs two address lines. The two address inputs go through a 2*4 decoder to
select one of the four words. The decoder is enabled with the memory enable input. When the memory
enable is 0, all outputs of the decoder are 0 and none of the memory words are selected. With the
memory enable at 1, one of the four words is selected, dictated by the value in the two address lines.
Once a word has been selected, the read/write input determines the operation. the logic diagram is-

Conclusion:
Post Lab Assignments:
•

What is the maximum time required before a dynamic RAM must be refreshed?

•

What is the number of address bits for addressing 256MB?

Experiment No 10
Replacement Algorithm
Title:

Objective:

Write a program to implement the different replacement algorithm.
I). To implement LRU (Last Recently Used) cache algorithm.
II). To implement FIFO (First in First Out) cache algorithm
III). To implement LFU (Least Frequently Used) cache algorithm
Understanding the cache replacement algorithms, how old blocks are replaced by
new ones when the cache is full.

References: 1. Carl Hamacher, Zvonko Vranesic and Safwat Zaky, “Computer Organization”, Fifth
Edition, Tata McGraw-Hill.
2. William Stallings, “Computer Organization and Architecture: Designing for
Performance”, Eighth Edition, Pearson.

Theory:

In case of a miss, a new block need to be brought into the cache and if all the
positions it may occupy is fall then the cache controller must decide which old
blocks to query write, this is done by replacement algorithm so as to maximize bit
ratios.
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