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Lecture 15 Lecture 15 -- OutlineOutline

Objective: To discuss the topic of design verification to give you 
more insight on:

How to test and debug a design model once the model has 
been created.
How to think about verification of digital systems using UML 
and ASM charts as test planning aids, not only to create the 
design model, but also to create the model for the “test 
harness” as well.
Fact: the distribution of effort between digital design and test
activities is approximately 40% and 60%.  So testing methods 
are important to overall design proficiency.

Means:
The Up/Down Counter example.

Result:
You should be able to simulate this design in Nimbus, 
stimulating the design inputs with counter values, and 
generating/printing a waveform as output.
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Executable ASM Design Method Using Executable ASM Design Method Using NimbusNimbusTMTM
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Iterative Refinement Design ProcessIterative Refinement Design Process
Application

Requirements

High-level
Design and
Verification

Gate-level
Analysis and

Verification

Function
and Timing

Specification

Analysis and
Physical

Verification

Text documentation

HDL Coding or Text documentation

Logic Synthesis or Schematic Capture

Layout and Routing

Area or Timing
Constraint
Violation

Behavioral or
Functional
Constraint
Violation

Violation
Requirements

Area or Timing
Constraint
Violation

Support easy exploration of 
design alternatives.

Allow function & behavior 
changes to be made quickly.

Eliminate unnecessary 
"cycling" through design  steps.

Improve the turnaround time 
per cycle.

Behavioral or functional 
constraint violations 
cause 50-80% of cycling 
between design steps.

ApproachGoalProblem
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Systems Design Method Systems Design Method –– Design ProcessDesign Process

Conceptual Approach to Architecture and Design.
Create a design model, and iterate on its definition, incorporating debug and verification 
through simulation runs.

Now we’re going to look at this part of the process: i.e., using cycle-based versus event-based
simulation techniques.  In post-synthesis, post-layout, we’ll back-annotate and do gate-level
simulation for timing and load analysis (later in the class).

Now we’re going 
to look at this 
part of the 
process: i.e., 
using graphical 
notations to 
assist in 
capturing design 
specs, and in 
devising test 
planning.  From 
these, we’ll enter 
our design 
threads.

Exsedia NimbusTM

IPaletteTM
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Systems Design Method Systems Design Method –– Test ProcessTest Process

Approach to Verification
Create a set of stimuli that can be used to verify observed behavior against expected 
behavior.
We’ll use different levels of design and test specification, to take advantage of fast 
turnaround in gaining functional and cycle-level timing verification, then obtaining gate-level 
timing and load analysis, post-layout.  The same test harness will be used at both levels.
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Test Example Test Example -- Binary Up/Down CounterBinary Up/Down Counter

The Binary Up/Down Counter
We have discussed the 
basic function and 
operation of the counter.
We have created a design 
model for its behavior.
Now, we want to devise a 
means to test its 
correctness and accuracy:  
Question 1: does it perform 
the function we have 
intended for it to do?
Question 2: how “robust” is 
the design in the face of 
different patterns of inputs?
Question 3: how do we 
evaluate the design to 
insure that it does what it 
should do?

NoCounts
8

Seed
8

Direction
1

Enable
1

CountValue
8

Valid
1
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Creating a Test Plan Creating a Test Plan –– Use Case DiagramUse Case Diagram
Use cases and actors:

Use Cases have been used 
in the analysis part of our 
process.
We now want to employ 
them in helping us to 
identify and articulate 
specific test scenarios, and 
localize test “points” in the 
design model.
In the analysis model, we 
identified the “user” as an 
entity external to the 
Counter; we’ll create a test 
model that provides some of 
its functionality for purposes 
of feeding test data to our 
design model.
The Use Case model gives 
us the set of actions and 
interactions we’ll need to be 
concerned with.

Set_NoCounts

Set_Seed

Set_Direction

Set_Enable

Reset

Count_Up

Count_Down

U-D_Counter

Output_CountValue

Set_ValidFlag

"User"
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We’ll set up a test model to “assess” the
design model’s behavior through these outputs.
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Creating a Test Plan Creating a Test Plan –– Class DiagramClass Diagram

CountUp CountDown

Enable

CountDirection

Valid(Done)

CountOutput

No_CounterLoops

SeedValue

CountingRun

1

1

1

1

1

1

HasStartingCounterValue

1

HasSetNumberOfTimesToCount

1

GeneratesRunOutput

1

HasDoneIndicator
1

HasStartingSignal

1

HasDirectionOfCount

1

Classes:
We start our process of 
examining the specific 
“interface points” to our 
design model by looking 
at the data definitions at 
the boundaries of the 
design.
The Class diagram for the 
design model allows us to 
identify specific boundary 
values and conditions for 
evaluating whether the 
design operates correctly 
under “benign” and “error”
conditions.
Characteristics such as: 
(1) order of inputs, (2) 
input values, (3) changing 
values once set, and (4) 
value dependencies are 
places to look.

Any invalid seed value range?
What about “negative” or “zero”?

Any invalid loop value range?
What about “negative” or “zero”?

What is we change the direction
after it has already been set?
What about after it has been 
latched?

What if we toggle the enable signal?
What if we don’t hold it long enough?
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Relating Test Scenarios to DesignRelating Test Scenarios to Design

Wait_ME

Master_enable and Master_R/W ?

Yes
No

Clear flags on Reset

Yes

Receive data operation?

No

Set_Read Set_Write

Hold

Read_Data

ReadCount at threshold?

Yes
No

Increment ReadCount.

Set Enable flag.
Set Control flag.

Set Enable flag.
Set Control flag.
Get data from ACC reg.

Put data into Stack Frame buffer.
Reset ReadCount flag.

go to Wait_ME.

go to Wait_ME.

CPU_sequencer

W_Recv

"ready to send" from remote?

Yes
No

Clear flags on Reset.
Drop "clear to send" to remote.

RecvData

Receive count reached?

Yes
No

Increment RECV

Shift in current serial bit.
Set "clear to send" to remote.

LoadReg
Load new data into

Check and clear serial
RecvData reg.

status bits.

bit counter.

UART_Receiver

W_Trans

"go transmit" from CPU?

Yes
No

Clear Transmit count register.
Drop "ready to send" to remote.

TransData

Transmit count reached?

Yes
No

Increment TRANS bit counter.
Shift out current serial bit.

SendREQ

"clear to send" from remote?

Yes
No

Set "ready to send" to remote.

UART_Transmitter
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Creating a Test Plan Creating a Test Plan –– ASM Design ModelASM Design Model
In examining an ASM “thread”, we want to evaluate which logic paths we can test by defining

a set of input stimuli to excite the design, so that each run allows different logic to be tested.

Test points:
We start by looking 
at specific points 
allowing us to 
check different 
logic paths through 
the design.
We look at the 
signals and the 
value ranges that 
will cause our 
design to choose a 
different logic path.
We then create a 
set of stimulus 
“steps” that will 
allow us to trace 
the design in 
simulation.
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The ASM Test Case Planning WorksheetThe ASM Test Case Planning Worksheet


