Visualizing and Documenting
SystemVerilog Class Based

Testbenches with UML
in High Reliability Space Systems

Authors:

Lucas Roosevelt (Honeywell, ASIC/FPGA Design, Lucas.Roosevelt@honeywell.com)
Brett Oliver (Honeywell, ASIC/FPGA Design, Brett.Oliver@honeywell.com)
John Profumo (Honeywell, ASIC/FPGA Design, John.Profumo@honeywell.com)
Peter LaFauci (Mentor Graphics, Application Engineer, Pete_LaFauci@mentor.com)

Presenters:
Lucas Roosevelt
Pete LaFauci

Honeywell



What is UML and Why in Space? Honeywell

* The “Unified Modeling Language” is a
standardized general purpose modeling
language
- Describes software systems using visual models
- Standard was created and is maintained by the

Object Management Group

- UML’s modeling can be used throughout any
part of the development cycle of an Object-
Oriented system

* Space applications require the assurance of
conformance to requirements
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UML in Testbench Documentation Honeywell

- SystemVerilog testbenches are Object
Oriented “Systems”
- Require a new approach to documentation

- Block diagrams do not accurately portray Object
Oriented Designs and their complex relationships

- Verification of hardware designs is requiring more
and more of software engineering techniques to get
the job done

- Documentation of SystemVerilog testbenches is
where the software industry was 20 years ago
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Aspects of UML Honeywell

‘UML is comprised of 14 “Diagrams”

- Each diagram type provides a different
perspective and degree of abstraction

Activity
Workflow of a system

UML

Class
Objects in a system
and their relationships

Use Cases
Interaction between a
user and a system

State
Behavior of a system

Interaction
Interaction of a group
of objects through
Use Cases

Physical
Realtionships
between hardware
and software
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UML Class Diagrams Honeywell

 UML Class Diagrams describe the types of

objects In a system and their relationships to
other objects

* The focal point in a Class Diagram is the
representation of a class or object

Class Mame (with specialization)

Attributes: ¢
direction name: type = optional default value
MemoryspaceMap #{type A=int, type D=int)}
+map[$]: MemorySpaceBlockEnkey #(4, D)
Mﬁth.ﬂdsl SR +newiname: string, parent: avm_named_component = null)
visibility name (parameters): return type +addBlockBvaddres sithandle: Memory SpaceBlack # (&, D3, low: &, high: &): void
< «vyirtual > =+readdddressiaddress: A% D
- - < virkual = =+reset(): void
Stands for public altnl:rut_es or methods f/_' = <yirtual s =writed ddress(address: A, data; D) woid
Stands for protected attributes or methods

do =+

Stands for private attributes or methods
Stands for package attributes or methods

AbstractVirtual methods and classes are Use <<task>> for SystemVerilog task calls
shown in italics, Often difficult to see, Example: =<tagsk==> + run{address A, Data D)
opticnally use <<virtual== (Tasks cannot return data)
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UML Class Relationships

Honeywell

* The relationship of classes with other classes is

depicted through the use of specific lines and arrows

- Lines represent relationships and are called a “Link”
- Arrows indicate the direction of knowledge

- Different relationships are depicted by different types of lines

and arrows

=

Association: Most basic relationship between
two classes.

& =

Aggregation: Object(s) created at run time.
Not destroyed with parent. Typically a
component registered as an Observer.

¢ =

Composition: Object(s) created at compile
time. Destroyed with parent. Typically a
component created by the test environment.

—

Dependency: A class must know specifics
about another class but does not create it or
typically have a direct handle to it.

>

Generalization: Adding to or replacing
functionality of a parent class.

_[>

Realization: Implementing functionality of a
class that is described as being abstract.
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UML of an Object Oriented Test Environment Honeywell

RegisterfodelComponent
O Driver StatusRegisters ConfigurationRegisters
DutlnputInterface
StimulusGenerator Predictor RegisterModel

TestEnvironment Scoreboard

Lo

Test Monitor O

DutDutputInterface
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Composition

Honeywell

* Test Environment
“creates’ the static

transactors at compile time

- Stimulus Generators, Drivers,
Scoreboards, Monitors and

Pred icto rs StimulusGenerator

- “Owns a’” relationship

- Test Environment Owns a Driver
* Destroyed if the test

environment is destroyed

- Exist throughout the
simulation

Driver

TestEnvironment

Predictor

Scoreboard

Monitor
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Aggregation Honeywell

* Test Environment “connects” the

components at run time

- Stimulus Generator to Driver
Driver to Predictor l I

Driver Predictor

Predictor to Scoreboard
Monitor to Scoreboard
“has a” relationship

StimulusGenerator Scoreboard

- Driver has a Predictor
- Connections are the result of the Object 1
Oriented “Observer” pattern Monitor

- Implemented through handle passing or
AVM/OVM Analysis ports

* Objects being pointed at do not get
destroyed when the pointer does

- Allows for creation of and “connecting”
to different components from the test
- Bad Drivers, Slaves
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Generalization

Honeywell
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* Test “Extends” the test environment with
specifics of that test

- Can include added constraints to focus on some
specific target area

- Can include other classes for extending data
classes which themselves could also include
specific constraints

- Can include new or “Bad Drivers” which get are
swapped with the good drivers to produce
airmerent sumuius

- “is a” relationship

- Test is a Test Environment

TestEnvironment

T

Test
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Realization (Virtual Classes)

Honeywell

* Realization or Virtual Classes
define functions that the child
classes must implement

- Allows better object passing between
components and the ability to tailor
functionality based on that
component’s specifics

- Often used to define data
transactions so that the drivers,
monitors, scoreboards and predictor
only need to know the agreed upon
function calls.

Register™odef omponent

’ : ; .
v -~
- “
- ™
- -

StatusReqgisters

ConfigurationRegisters

N4

RegisterModel
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Why is Accurate Documentation Important Honeywell

*D0O-254 and Space Applications
- Requires a rigorous, structured verification process
- Requires that all requirements be formally defined and tested

- Requires design engineers to PROVE their implementation
meets those requirements

* UML is the gold standard of accurately
describing a SystemVerilog Object Oriented

testbench environment

- Can be time consuming if created manually

- Mentor Graphics Certe Testbench Studio can automate the
UML creation

- Automating the process removes human error and provides
up to the minute diagrams
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Certe Testbench Studio

Testbench Studio
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An integrated design environment for testbench creation & analysis

The UML solution

* Visualize any SystemVerilog code as an UML diagram

* Quickly navigate around the diagram and
expand/collapse details

* Trace to source code
« Use diagrams for code reviews and i
dOCU mentatlon ‘;m;:g\::a—_:mviﬁstzfgs . ,,El[).jtlhdlmgt ot

Benefits
« Eliminates drawing diagrams by hand
« Diagrams exactly match source code

« Diagrams can be customized and exported
for insertion into any type of documentation

* Produce diagrams at any time during a project
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