
Tutorial



contents

1. Installation of verilog essentials

2. An example using the simple counter
a. Subtle Nuances in the code

b. GTKwave and vcd dump

3. Go to combinational karatsuba and show how the data path has been written

4. Go to sequential karatsuba and show how the data path has been written



Installation guide

Read the readme file provided.

Already provided in piazza

Just install iverilog and gtkwave.



What are regs, wires, parameters ?

What is the difference between reg and wire ?

What is the difference between sequential and 

combinational circuits ?

Why is a simple counter a sequential circuit ?

Simple Counter - 
Sequential Example



What is an always loop ?

Types of assign statements
- Blocking assignment
- Non Blocking assignment

Which type assignment is being used here ?



Testbench
What is timescale ?

How to initialize the fields ?

What does #10 mean?



GTK-Wave

Compare the output with testbench initialization ?



Adders - Combinational Example



Ripple Carry Adder



Parameterization 

parameters in verilog is nothing but a 
way to instantiate constants in the 
digital design.

parameter is local to a module. but it 
can change value when the module is 
instantiated. It is used to define a 
property of the module.



Naive N bit multiplication needs O(N²) partial products

Large multipliers dominate area, power, and delay

Hence, We try to reduce the number of  partial products by using the 
divide-and-conquer method.

Combinational karatsuba



(A_H << N/2 + A_L) * (B_H << N/2 + B_L) = 
A_H * B_H << N     +
A_L  * B_H << N/2 +
A_H * B_L  << N/2 +

A_L  * B_L

Takes 4 multiplications, but We can optimize this as,

(A_L * B_H + A_H * B_L ) = (A_H + A_L)*(B_H + B_L) 
- (A_H * B_H)
- (A_L  * B_L )

We see that this is just 3 multiplications now, but one of the multiplications is a N/2+1 bit multiplication 

Combinational karatsuba



Combinational karatsuba

This N/2 + 1 bit multiplier can be split into a N/2 multiplier and 2 adders

aA * bB = ab << N + A*B + (b&A + a&B) << N/2  (& ands all bits)

Now, we can implement these also as karatsuba multipliers ,with the base case as N=2.

This is now O(Nlog(3) )  partial products



Combinational karatsuba



Combinational karatsuba



Combinational karatsuba



Combinational karatsuba

Notice that the sum registers are 9 bits long



Combinational karatsuba



Combinational karatsuba


