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1 Time Table

ASSIGNED | Friday, September 195
DUE Week f: September 28" — October 45, 10 minmtes after your lab section starts

2 Motivation

Many of yon will be very familiar with the process of debupping software, and thanks to the cireuits
which vou have had to build over the last few weeks, yon've all berome at lesst minimally familiar with
debugring vour own circuits. In this lab you will become acguainted with more formal debougging and
verification technigques and tools as we ask you to debug and verify a series of modules.

3 Introduction

No matter how carefully von plan and enter your cirenit design, it should always coane as a major surprise
if it works the first time vom try it. The larper and more complicated the design, the larger the fraction
of the engineering time yvon should expect to spend on debugging and verification. In a professional
setting, a design would not be considered finished without & complete testing regimen to prove that it
works acceptably under all cireomstances, a process which can eagily consnme more than 50% of the
time required to implement & design.

In the interest of time, we ent a fair oomber of corners in this class, for example rather than expecting
vour degign to be fully verified (or even fully debnpged), we will expect it to appear to work. This is
simply becanse we do not have time to fully examine vour testing regimen. However it is in your
best interest to fully verify your modules. Most stodents will simply write a piece of Verilog and
synthesize it, hopping that it will work and perhaps wasting hours debugeping it inetheiently.

We highly recommmend that you consider writing an appropriate and complete testbench
an integral part of writing a Verilog module. This will save you many sleepless nights.

3.1 Verification Procedurce
There are ronghly two steps in the verification process:
1. Perform a test.

2. If the test fails, debug the module being tested.

Ag such there are two very different parts to the verification process, desipning tests and actual
debugring. We will discuss debugping in Section 5.2,

Because hardware modules are often very much larper and more complex than picces of softerare it is
often not poasible to fully verify a module. For example a 32 bit adder accepts 2% possible combinations



of inputs, o even if it conld be mn at 10 Gllz it would take nearly 6 years to plog in all possible 2%
imputs, even assuming that a matching 32 bit adder conld be built to test it against. To make matters
worse, most cirenits have some kind of memory requiring exponentially more time to test. Becanse of
this exhaustive testing only suffices for the most basic of modules, where it can be run easily.

For more complicated modules, hardware engineers rely on bottom up testing and interface contracts
to ensure that the modules which they instantiate work as expected, as do the modules with which they
must interact. Over the course of this lab and the remainder of the semester yon will become intimately
familiar with this style of testing, as it is the only way to produce a fully working design.

3.2  Debugging Procedure

Unee yvou know that something s working properly it is often a relatively trying ordeal to hunt down
and fix the actual bng. Below s a formalized algorithm that yon can use as a starting point for your
foravs into debngging.

3.2.1 Hypothesis

Before starting to try and debuog a design youn must have a clear hypothesis of what the problem might
be. Even if vour hypothesis is very much wrong von shonld always have something specific that von are
looking for when vou start a debugping seasion. “"Whatever is wrong” is not a specific enough poal.

3.2.2 Control

With a hypothesis of what is broken in mind, the next step in debugging is to develop a set of test inputs
which will test for the specific bug vou expect.  Usnally developing the test inputs is one of the most
diffienlt parts of the debugping and verification process.

The difference between test inputs for peneral verification and for debugping is simple: inputs for
debugging are meant to aid yon in testing yvour hypothesis, whereas inputs for verification shounld be
designed to elicit as wide a range of bngs as possible.

3.2.3 Expected Output

Before actually beginning a test, it is necessary to fisure ont what the expected result of the test will
be. This shonld be a simple matter of working throngh the cirenit specification by hand using the test
imputs, as developed according to Section 5.2.2,

3.2.4 Observe

With a hypothesis in mind and test outputs and expected ontputs in hand it is now time to actually rom
the test. Unfortunately this is nsually a wery complicated process, made worse by slow simmlation times,
complex circnits and the difficulty of examining sipnals in hardware.

To make this step easier, a testhench or test harmess can be developed to look for the expected
output and produce more meaningful reports of the suecess or failure of the test. For example if the test
suceeeded, all we need to know is that it sncoeeded, not the how or why of it.

3.2.5 Handling Test Results

Ironically a test which fails & a major snecess during debugging. If the test suceeeds, all that has been
proved is that the original hypothesis i false and that there i still a bog in the cirenit. However if the
test fails, that means that the hypothesis has been proven true and the bug has been foumd.

When we say that “the bug has been found” we simply mean that it has been further localized, that
i to say, we have a better idea of what module or what signal is cansing the tronble. Fally specifying the
bug and identifying the exact fix may require several iterations of this debupring algorithm and many
hours of work beyvond the first test.

Always be sure that you know exactly what the bug is and have a well designed fix before

modifying vour code! Making random changes until the problem disappears will simply
prolong the problem and frustrate you!



3.3 Types of Debugging (Parts of this Lab)

In this lab, we will introdoce vou to four specific types of debugping, all of which vou will likely be
obligated to vse during vour time in this class.

Bottom Up Testing (see Section 5.1).

* You will take advantage of the hierarchical strmcture of a desipn, testing the lower level modules
first and moving towards the top step-by-step.

Designing Test Hlardware (see Section 5.2).

& Rather than simulating this circuit, yon will perform much faster testing using carefully de-
sigmed test hardware.

Exhanstive FSM Testing (see Section 5.3).

* You will feed a stream of inputs to a Finite State Machine in order to completely map its
functionality and draw a bubble-and-are diagram.

4 Prelab

Please make sure to complete the prelab before yvon attend your lab section. You will not be able to
finish this lab in 3hrs otherwise!

1. Read this handout thoroughly.
& Pay particnlar attention to Section 5 as it describes what yon will be doing in detail.
2. Examine the Verilog provided for this weeks lah.

(a} You should become intimately familiar with the Lab4Partl.v file as you will need to
debug it.

(b) Make sure to read the Count.v and Register.v modules in Section 5.2 as yon may wish to
use them.

3. Write vour Verilog ahead of time.

(a} Yon will need three separate testbenches for Partl.

i. LabdPeakDetectorTesthbench v, LabdCompd Testhench.v and LabAComp] Testbench. v
ii. Hefer to past testbenches as a starting point.

(b) LabiPart2Tester.v

i. You may need time in lab to debug it.
ii. Start with a timing diagram and schematic.

4. Prepare your tests for Section 5.0,
s Look at the FSM in Figure 3 and try to devise a sequence of inputs to test it completely.
5. Yon will need the entire 3hr lab!

* You will need to test and debug both your Verilog and ours.

5 Lab Procedure

Remember to manage your Verilog, projects and folders well. Doing a poor job of managing your
files can cost yvon hours of rewriting code, if von accidentally delete yvour files.



