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Project 1: Verilog Modeling (10%)

ENEE 359a: Digital VLSI Design, Spring 2007
Assigned: Thursday, February 1; Due: Tuesday, February 13

1. Purpose

The purpose of this assignment is to learn the rudiments ®etileg hardvare description language in
the conta&t of sequential circuits. Some of the most important concepts you will learn are thuse of
blocking assignments and concurrency. Non-blocking assignments are spectf theVerilog language;
concurreng is a paverful concept that shes up at all lgels of digital circuit and digital system design.

2. Combinational Logic

First, you will design a simple switclhe switch has four inputs anddwutputs.
Inputs:

e 24-bit data

e 2-bit routing data for output byte 0

* 2-bit routing data for output byte 1

e 2-bit routing data for output byte 2

Outputs:
e 24-bit data
e 1-bit valid

The switch will work as follavs: whenger ary of the routing inputs change, the 24-bit (3-byte) output data
will contain bytes from the input, ordered as spedifby the routing information. Routing information
indicates which byte from the inputi should be routed to the corresponding output byte; e.g., if routing
data for output byte 1 has thaluwe ‘2'in it, input byte 2 should be routed to output byte 1. Note that a
value of ‘4’is invalid; ary other combination ofalues is acceptable and correct. If the routing information
is invalid, then the output data can begtling, hut the output “alid” bit should be zero.d¥ valid routing
information, the output ‘a&lid” bit should be “1”.

3. Sequential Logic

You will build a simple multiplier that performs a 16- x 16-bit multiplication using repetghifts and
adds, assuming unsigned data infine multiplier will produce a 32-bit output using tkegly-out tech-
nique of stopping as soon as there are no more bits left in the multiplicand. (note thaidthikagradi-
tional defnition or usage of multiplicand/multipliewhich speciis a &r simpler technique of adding the
multiplicand to itself <multiplier> times ... Jhe inputs and outputs and their bébaare as follws:
Inputs:

e 16-bit mcand

* 16-bit mplier

e 1-bit reset_n (asynchronous)

e 1-bit go (also asynchronousttpaired with reset_n)

e 1-bit clock

Outputs:

e 32-bit product
e 1-bit done
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A reset_n signal and matchingo signal are necessary to initialize your state machine in a reset state and
initialize the two registers in your design that hatdcand andmplier. Your reset using the signiadset_n
should be asynchronoughego signal is paired witlheset_n in that will be lav before and after the transi-
tion of reset_n: first, go will go low, thenreset_n will transition from lav to high, and thego will transi-
tion from law to high (which goes i@ first does not matteryour design should accept the inpatues of
mcand andmplier on their ports and resetyaimternal state whenyer) reset_n transitions from lar to
high. Once initialized, and ong® is high, the design does not requirg amore inputs other than the
clock clk. The output consists of the product on the patput_number and adone signal of 1 indicating
that the output isalid. When thedone signal is 0, themutput_number can be aything. For the sak of
simplicity, you can assume that the inputs will not be both zero (otherwisegud heve to distinguish
between an initial condition and adil condition that are identical).

4. Running & Submitting Your Project

First, tap erilog to get access to the simulators; i.e., at the Unix prompt type theifgjlo
tap cds-v
Then you can woke your code this ay:
verilog testbench.v yourcode.v
or
ncveril og testbench.v yourcode. v
The ncerilog simulator has a longer start-up time &ecutes muchafster once it gets going.

You must use the pvided testbenches to test your design (unmexdiifiThe testbenches test your design
with different inputs.

Additional details:

* A couple of softvare-oriented approaches to stawag from since thgare not synthesizable (you
will later synthesize your designyhere is no hardare analog to th¥erilog initial block con-
struct. The loop limit for a for loop or a while loop cannot kaiable. In general, functions are
synthesizable,ui recursion is not synthesizable.

* The only type of rgister permitted in the design is rising-edge-triggered.

* In a clocledalways block you should use the nonblocking assignment operatomwhen assign-
ing to a signal that is to be synthesized agjsster

When you submit your code to me via email, alldnvis your erilog code ... i.e., do not send me your
testbench.v e (I will use my avn). Do not change grof the \ariable names within the prioled switch.v
and multiplierv files, for hopefully obious reasons, and do not change tleen@mes—I want two verilog
files submitted via email, one named “switch.v” and the other named “multiplier



