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This document specifies the design to be used for the Verilog documenta-
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intended to ease and control the implementation of the product.
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Doxygen is designed.






Linkopings tekniska hogskola Design specification
Institutionen fér datavetenskap (IDA) Johan Lissing
PUM 12 2005 2005-11-04 / v 1.0

Project identity

Project group

PUM 12 2005
Linkdpings tekniska hogskola
Institutionen for datavetenskap (IDA)

Project members

Name Area of responsibility Telephone E-mail
Martin Jormedal Project leader (PL) 073-3121319 | ook4mi@gmail.com
Daniel Hilding Customer relations (CR) 070-7440440 | danhil39@student.liu.se
Joakim Svartengren | Documentation manager (DOC) 070-4040005 | joasv190@student.liu.se
Jonas Norling Design manager (DES) 070-3904809 | norling@lysator.liu.se
Johan Lissing Implementation manager (IM) 073-9036256 | johli650@student.liu.se
Thobias Bergqvist Quality manager (QM) 073-6223040 | thobe651@student.liu.se
Eric Aberg Test manager (TM) 070-4058130 | eriab522@student.liu.se

Mailinglist for group
puml2@und.ida.liu.se

Web page
http:/ /www-und.ida.liu.se/~pum12/

Customer
Per Karlstrom, ISY LiU

Customer contact person

Per Karlstrom, 013-28 29 03, perk@isy.liu.se

Project supervisor
David Broman, 013-28 57 24, davbr@ida.liu.se

Examiner
Robert Kaminski, 013-28 24 57, robka@ida.liu.se




Linkopings tekniska hogskola Design specification
Institutionen fér datavetenskap (IDA) Johan Lissing
PUM 12 2005 2005-11-04 / v 1.0




Linkopings tekniska hogskola
Institutionen fér datavetenskap (IDA)

Design specification
Johan Lissing
2005-11-04 / v 1.0

PUM 12 2005
Document History
Date Version | Changes Name
2005-11-02 0.1 Document created Johan Lissing
2005-11-03 0.2 Document updated after comments. Corrected a | Johan Lissing
few spelling errors.
2005-11-04 1.0 Document updated after inspection. Extended Johan Lissing

section 4.1.1 and section 5.5. Added
section 5.2.3. Corrected a few spelling errors.




Linkopings tekniska hogskola Design specification
Institutionen fér datavetenskap (IDA) Johan Lissing
PUM 12 2005 2005-11-04 / v 1.0




Linkopings tekniska hogskola Design specification

Institutionen fér datavetenskap (IDA) Johan Lissing
PUM 12 2005 2005-11-04 / v 1.0
1 INtroduction..........ooeeeee 9
1.1 Purpose of this document..............ooooviiiiiiiiiiii e 9
1.2 Background ... 9
1.3 DoCUMENL OVEIVIEW .....cooveiiiiiiiiiee e 9
1.3.1 INErOAUCTION ... e e e e e 9
1.3.2 Design philoSOPhY.......ccooiiiiieeeee e 9
1.3.3  DeSign deCiSIONS........eeiiiiiiiiiie it 9
1.3.4  Critical PArS ....veeeieiiee e 9
1.3.5 Detailed description ...........ooooiiiiiiiiiicece e 9
1.3.6 REUSE....eeeeee e 9
1.3.7 USEr INtEITACE. ... i e e 10
1.3.8  REfEIENCES.....cco i 10
1.4 Reading iNStruCtiONS ........ccoeiiiiiieie e 10
1.5 Document dependencCies..........ccoiiiiiiiiiiiiiiiiiieee e ee e 10
1.6 Distribution.......coome e 10
1.7 GlOSSANY e e e e e e e e e 10
2 Design philosophy........ociiiccrrr e e 13
2.1 DoXygen reSearch ...........oeeiiiiiiiiiiii e 13
2.2 Prototype testing........cccoeeuiiiiiiiii 13
3 Design deCiSIiONS .......ccooiiieeciiiiirrieccr e s s 15
3.1 Separate scanner file........coccceeiiiiiiiiiiiii 15
3.2  Scanner+parser l@ayout ..........cccooeeiiiiiiiiiiiie e 15
3.3 NOAE ClasS.....ccoiiiiiiiiii e 16
I S (= T= N o] [ 1 (= P 16
4 Critical parts.......ccccccciiiiiiiiiiirrrrrrrrr 17
S T B o )14 Yo = o [P PPPUORRR 17
4.1.1 OUutput eNEration ...t 17
V= T | o o TSP 17
5 Detailed description ... 19
5.1 SYStEM OVEIVIEW ..o 19
5.2 Verilog front-end module ...........cccooooiiiiiiiiiiiiice e 20
5.21 A Verilog parser in FIEX. ... 20
5.2.2 Handling comments and documentation blocks ............................. 22
5.2.3  Handling custom direCtives .........c.coocueeiiiiiiiiiiii e 23
5.3 Treeprintermodule ..o 24
5.4 Dataorganizer module ...........cooooviiiiiiiiiiiii 24
5.4.1 Changes to this Module ..............cooooiiiiiiiiiiiiieeee e, 24
5.5 Output generator module............cccccoooiiiiiiiiiiiiiiiiiieeee e 25




Linkopings tekniska hogskola Design specification

Institutionen fér datavetenskap (IDA) Johan Lissing
PUM 12 2005 2005-11-04 / v 1.0

5.6  Compiling and lINKING.......cccoviiiiiiiiii e 25

6 (= 1 = 27

6.1 DOXYGEN ...ttt 27

6.2  Verilog front-end ..o 27

7 (=T T 4§ =Y i - 1o = 29

7.1 User interface of the product ...............ooe i 29

8 [ =Y =] = 3 o= 31

8.1 Internal dOCUMENTS ........eiieeieee e 31

8.2 External doCUMENES ........oiveiiiii e 31




Linkopings tekniska hogskola

Design specification

Institutionen fér datavetenskap (IDA) Johan Lissing

PUM 12 2005

2005-11-04 / v 1.0

1

Introduction

1.1

1.2

1.3

This chapter contains information about the disposition and contents of the
design specification. It is intended to work as a guide for the reader, as well
as anyone introducing modifications to this document.

Purpose of this document

The design specification is intended to ease and control the implementation
of "Wazzup DOC?!", a documentation tool for Verilog, developed by PUM
group 12. The document is based on the architecture specification [Norling,
2005] but will describe the design on a more detailed level. This will ensure
a functioning and well-structured implementation.

As this project is part implementation, part research, some details neces-
sary for a full implementation of the documentation tool may be omitted.
However, all pre-implementation research findings will be thoroughly des-
cribed in this document, to give any future project groups a head start for
expanding the product to a fully functional Verilog documentation tool.

The intented readers of the design specification are the implementation
team members, both in this project group and any future groups working
on the same project.

Background

For a detailed project description and background, see the requirements
specification [Hilding, 2005].

Document overview

This section describes the contents of each chapter in this document.

1.3.1 Introduction

Describes the disposition and contents of the design specification.

1.3.2 Design philosophy

Describes how the design was created and how research was done.

1.3.3 Design decisions

Presents decisions and alternate solutions to design issues.

1.34 Critical parts
Identifies the critical parts of the design.

1.35 Detailed description

An extensive description of the entire design with diagrams and detailed
information.

1.3.6 Reuse

Lists re-used code from other software.

Chapter 1: Introduction 9
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1.4

15

1.6

1.7

1.3.7 User interface

Describes the user interface of the product.

1.3.8 References

Lists all referenced resources. Text within square brackets refer to this sec-
tion.

Reading instructions

As this is a highly technical document, all of it should be read for a full
understanding. For an implementation team, sections 4, 5 and 6 are of par-
ticular interest. A future project group, striving to extend or modify the
product, should read sections 2 and 3 carefully.

Document dependencies

Changes in these documents might require changes in the design specifica-
tion:

*  Requirements specification [Hilding, 2005]
*  Architecture specification [Norling, 2005]

Changes in the design specification might require changes in the following
documents:

*  Project plan [Jormedal, 2005]

*  Architecture specification [Norling, 2005]
*  Technical documentation [Lissing, 2005:2]
e Test plan [Aberg, 2005]

Distribution
This document will be distributed to:

¢ Johan Fagerstrom and Jonas Wallgren, examiners of the design specifi-
cation

* David Broman, project supervisor
e Per Karlstrom, customer
*  The project locker

Glossary

AST - Abstract Syntax Tree. A tree describing the structure of a source file.
Bison - The GNU parser generator (a variant of YACC).

Flex - The GNU lexical analyzer (a variant of lex). See [FSF].

Lexical analyzer - see scanner.

Parser - A piece of software that determines the syntactic structure of a
language.

Scanner - A piece of software that breaks down the input into word-like
tokens.

10
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UML - Unified Modelling Language. A standard to model the structure
and behavior of a design. See [OMG].

Chapter 1: Introduction 11
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2

Design philosophy

2.1

2.2

This chapter describes the philosophy of the design. The design is highly
affected by the fact that the project will, to a large extent, consist of
research.

Doxygen research

As the product will be both an extension and a modification to Doxygen, a
lot of research on Doxygen will have to be done. A basic investigation has
already been conducted, which came to the conclusion that Doxygen was
suitable as a product foundation.

A more in-depth research of Doxygen was made for this design specifica-
tion. The approach is described in section 2.2. One of the main goals has
been to see how all necessary modifications to Doxygen can be made with
minimum changes in its own design. This would make our product more
suitable as a patch, rather than a complete rewrite.

Some issues remain to be resolved for the implementation. This research
will be done alongside with the implementation phase.

Prototype testing

To find out how Doxygen should be modified and extended to support
Verilog source code, small prototype tests have been made to examine dif-
ferent parts of Doxygen. The results were used to make important design
decisions. The result of each prototype test is described together with the
corresponding design decision in section 3.

The tests also lead to knowledge of Doxygen’s design which was necessary
in order to write the detailed description in section 5.

Some tests made it clear that even more testing and research is necessary in
a certain parts of the system. Due to limited resources, this research was not
done in time for this design specification, but will be conducted during the
implementation phase. Such issues may be critical for the system and they
are therefore listed in section 4 "Critical parts" .

Chapter 2: Design philosophy 13
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3

Design decisions

3.1

3.2

This chapter describes the decisions made in the design. Most of the deci-
sions are based on the results of the prototype tests, in accordance with our
design philosophy in section 2.2. For an illustration of how these decisions
are realised in the design, see section 5.

Decisions made on an architectural level are listed in the architecture speci-
fication [Norling, 2005]. All decisions regarding the implementation, such
as code layout and commenting, are made in the programming handbook
[Lissing, 2005:1].

Separate scanner file

For most supported languages, Doxygen uses one big scanner file. For
languages that are similar to each other, such as Java and C++, this may be
a practical approach. Since Verilog is so different from these, we would
have to do a lot of conditional testing in the file to make sure that only Veri-
log rules were applied to Verilog source code. This would make the scanner
file even larger and it would make the installation of our product difficult,
with many small changes to this file. We wanted to know if it is possible to
write the Verilog scanner as a separate file to avoid the aforementioned pro-
blems.

The prototype test showed that this is indeed possible. The Flex generated
scanner class should inherit the Par ser | nt er f ace class and implement
the par sel nput () method. The class is then registered as a parser in the
i ni t Doxygen() method in doxygen. cpp.

Decision: We will use a separate scanner file for Verilog, implemented with
Flex.

The design of the scanner in the Verilog front-end is described further in
section 5.2.1.

Scanner+parser layout

In order to construct an AST representing Verilog source code, tree nodes
have to be created and linked into the tree for each syntactic construct of
the source language. This can be done either directly with C++ code in the
Flex rules in the scanner, or by first passing the scanned data (a stream of
tokens) to a parser, which then constructs the nodes.

All language front-ends in Doxygen are implemented purely as scanners
without a separate parser component. For a sense of conformity, we would
like the Verilog front-end to be implemented the same way. Another advan-
tage is the possible reuse of code from the already implemented scanners,
as mentioned in section 6.2.

A prototype test indicated that the scanner-only approach should work
well for the Verilog front-end.

Decision: The AST will be constructed with C++ code in the scanner rules.
A parser generator (such as Bison) will not be used. This design decision is
closely linked to the decision in section 3.1 "Separate scanner file" .

The design of the Verilog front-end is described further in section 5.2.

Chapter 3: Design decisions 15
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3.3

3.4

Node class

We must also estimate if we directly can use Doxygen’s Ent r y class for the
AST nodes, or if we should start by implementing our own simplified node
class. The two options correspond to requirements F-5 and F-2, respecti-
vely, in [Hilding, 2005]. Using an arbitrary node class might save time in
the scanner implementation. A big drawback, however, is that all opera-
tions on the AST, such as generating output, must be adapted to the new
node class.

Testing showed that the Ent r y class is rather generic, but will have to be
adapted to be able to represent all constructs in the Verilog language.
However, we estimate that these changes should not be too extensive. See
section 5.4.1.

Decision: The Ent r y class provided by Doxygen will be used.

The design of the node class and modifications to the Entry class are further
described in section 5.4.1.

Tree printer

To be able to print the AST, in conformance with requirement F-3 in [Hil-
ding, 2005], we must determine how to construct the tree printer module
and find the most suitable place to call it.

We found that the best place to print the AST is after all input files have
been read by the scanner, and hence all AST nodes are constructed. This
corresponds to the par seFi | es() function in Doxygen which has a
whi | e loop iterating over the input files. When the loop is finished, the
AST should be complete.

To be able to convert the tree data into a readable form, the tree printer
module will be implemented as the class Tr eePr i nt er with the appropri-
ate functions.

Decision: The tree printer module will be implemented as a class, which
will be called after the whi | e loop in the par seFi | es() function.

The design of the tree printer module is further described in section 5.3.

16
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4

Critical parts

4.1

4.2

This section identifies critical parts in the design, which we have not been
able to test and/or design. They have been considered when writing this
document and must also be kept in mind when implementing the design.

Doxygen

Doxygen itself is one big critical part. It is a rather large program written
externally, which means that it is hard to fully understand all parts of its
source code.

411 Output generation

As stated in section 5.4.1, the Ent r y class must be modified to be able to
handle all concepts in the Verilog language, such as the module construct.
However, the output generators must also be able to handle the correspon-
ding sections correctly. For example, there should be a module hierarchy
instead of a class hierarchy in documentation for Verilog code.

The necessary modifications to the output generator classes and functions
in Doxygen have not been fully investigated due to lack of resources. The
output generator module will be subject to further research during the
implementation phase and in the meantime this module is listed as a criti-
cal part. On a side note, the level of the output requirements (F-9 and F-11
in [Hilding, 2005]) is "Extra", and hence the module may not be implemen-
ted at all.

Verilog

It may be difficult to parse all concepts in the Verilog language. Since none
of the project members is a Verilog expert, further Verilog studies may be
required.

Chapter 4: Critical parts 17
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5 Detailed description
This chapter describes the design in detail. The first subsection gives an
overview of the system. Then, the internals of each module are described.
The modules are defined in [Norling, 2005].
5.1 System overview

A class diagram for the most important classes, attributes and operations is
shown in figure 1. These are the classes that will affect or will be affected by
the addition of Verilog documentation capabilities in Doxygen. All classes
belong to Doxygen’s original source code, except for Ver i | ogLanguage-
Scanner and Tr eePri nt er. These correspond to the Verilog front-end
module, described in section 5.2, and the tree printer module, described in
section 5.3. They will have to be written from scratch.

Parserinterface

TreePrinter +parseCode ()
+parselnput ()
+print (:Entry*) 1..*

1 1

[== ==

1
VerilogLanguageScanner

1..%

Entry
+Sections: enum
+parent: Entry* -
+sublist: QList<Entry>*
+doc: QCString

+parseCode ()
+parselnput (:Entry*)
|1

!

ParserManager

QODict<ParserInterface>

—m_parsers:

+registerParser(extension:char*,parser:ParserInterface¥)
+getParser (extension:char*): ParserInterface*

L

Doxygen
+parserManager: ParserManager*
1
1 1 -
OutputList
Totoilist: oniotlisie —outputs: QList<OutputGenerator>*
ou.pu 1ov: Jutput 18 +add (:OutputGenerator*)
+main () T T
+initDoxygen () }
+readConfiguration () 1
+parselnput () l1..*
+parseFiles ()
henerateoutput ) OutputGenerator
+OutputType: enum

1

HtmlGenerator

Figur 1: System overview class diagram

The notation for the class diagram is standardized UML and can be found
at [OMG].

Chapter 5: Detailed description 19
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5.2 Verilog front-end module

Parserinterface

+parselnput (fileName:const char*,fileBuf:const char*,root:Entry*)
+needsPreprocessing (extension:const QCString&): bool

+parseCode ()

+resetCodeParserState()

+parsePrototype (text :const char¥*)

Y

1
VerilogLanguageScanner

+parselnput (fileName:const char*,fileBuf:const char*,root:Entry*)
+needsPreprocessing (extension:const QCString&): bool

+parseCode ()

+resetCodeParserState ()

+parsePrototype (text:const char¥)

1

*

Entry

+Sections: enum
+parent: Entry*
+sublist: QList<Entry>*
+name: QCString

+doc: QCString

+addSubEntry (e:Entry*)

Figur 2: UML diagram of the classes in the front-end module.

Par ser | nt er f ace is an abstract class defining the interface that is used
by all language parsers in Doxygen. Note that the Ent r 'y class is simplified,
since it has a large number of data members that are of no interest to our
project.

The Verilog front-end module consists of the Ver i | ogLanguageScanner
class, as shown in figure 2. This class contains one important method, par -
sel nput (), as well as some auxiliary functionality.

The par sel nput () method, taking a buffer with source file data and a
pointer to the root of a syntax tree, calls a Flex generated scanner to do the
actual scanning and parsing.

The Verilog front-end module is defined in veri | ogscanner .| which is
translated by Flex into the C++ source file ver i | ogscanner. cpp.

521 A Verilog parser in Flex

The lexical analysis step is implemented in Flex and the actual parsing

(building of a syntax tree) is done with embedded C++ code and ample use
of start conditions (scanner states) in Flex. See the Flex homepage [FSF] for
an introduction to GNU Flex, and the dragon book [Aho, et al] for an intro-
duction to lex and a description of lexical analyzers and parsers in general.

A prototype scanner/parser that parses a language not entirely unlike a
subset of Verilog has been constructed, the core of which uses the Flex start
conditions shown in figure 3. This configuration works out very well and
will be used in the final design of the parser. The start conditions are used
as states in an automaton -- within each state a syntax tree entry may be

20
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emitted or augmented with for example argument lists or documentation
and a transition to another state may occur.

ModuleDec
ModuleArgs

Figur 3: Diagram of the subset of the start conditions and
transitions between them making up the core of the Verilog parser.

The lexer/parser combination works as follows (imagine parsing a simple
Verilog file with a single module declaration containing a few wires and
instantiations of other modules):

1. The lexer is initialized in start condition Search. In this start condition,
the token nodul e, indicating the start of a module declaration, trig-
gers a transition to ModuleDec.

2. Inthe ModuleDec start condition, an identifier defining the name of
the module is expected. A syntax tree node for the module definition is
prepared. The next state is ModuleArgs.

3. An argument list for a module is optional. In the ModuleArgs start
condition, either a left parenthesis or a semicolon is expected (after
whitespace is removed), indicating either the start of an argument list
or the end of the declaration.

4. If a left parenthesis is found, the ArgList state is entered. Here, a list of
identifiers is added to the module declaration tree node. When a right
parenthesis is found, the argument list has ended and the ModuleArgs
state is entered once again.

5. When the module declaration has been terminated by a semicolon, the
ModuleBody start condition is entered. In this state, the lexer looks for
all Verilog constructs that are valid in a module. In this simplified case,
that is wire definitions and module instantiations.

6. When wire definitions or module instantiations are found, the Wire-
Dec and Instantiation states are entered, respectively. When the state-
ments are finished with a terminating semicolon, the ModuleBody
start condition is entered once again.

Chapter 5: Detailed description 21
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7. Upon occurance of the keyword endnodul e, the module body is ter-
minated and the Search start condition is entered once again.

From the states described here, there may also be transitions to documenta-
tion states when documentation blocks are encountered. This is covered in
the next section.

5.2.2 Handling comments and documentation blocks

A description of Verilog source code and documenting comments och more
introductory nature can be found in the architecture specification [Norling,

2005].

The comment formats recognized in the source code are:
/] .. C style comment. Terminated at line end.
/*E C++ style comment.
Y Documentation line. Terminated at line end.
/7. Documentation line. Terminated at line end.
/LA Documentation block.
Vad B/ Documentation block.

The documentation found in such documentation blocks pertain to the con-
struct that follows them. To indicate that a documentation block belongs to
the preceding construct, the documentation is prefixed with the "<’ symbol.
This is useful when adding documentation for wire declarations as this
example shows:

wire readStrobe; ///< This is a wire

Comments in the Verilog source code are caught by global rules (i.e. rules
that are valid in all start conditions). The start conditions CommentLine
and CommentRegion are entered using the yy_push_st at e() function
meaning that the previous start condition is put on a start condition stack
before the new one is entered. The old start condition can then be restored
by calling yy_pop_st at e() . The start conditions that are used for hand-
ling comments simply skip all input up to the end of the comment.

If the comment is discovered to be a documenting comment, control is han-
ded over to one of a set of special start conditions that extract the documen-
tation and add it to the corresponding tree node. Documentation text is
handed over to handl eComrent Bl ock( ), a global function in the scanner
file, which calls par seConmment Bl ock( ) , as described in section 5.2.3. A
diagram with details of the involved states and transitions is shown in
figure 4.

22 Chapter 5: Detailed description
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AfterDocLine AfterDocRegion

Figur 4: Start conditions involved in comment and documentation parsing. Last-
State is the state that was active when the comment was encountered, it is pushed
onto the start condition stack. The edges show the symbols that trigger transitions
to other states, in lex syntax (i.e. the vertical bar represents an OR-function and the
parenthesis are grouping operators). The actual documentation is extracted in the
four bottom states. When all is finished, LastState is popped and entered.

5.2.3 Handling custom directives

The comment lines and regions described in the previous section may con-
tain custom directives, as defined in [Norling, 2005]. The whole documen-
tation block, together with the current Ent r y node, is handed to

par seComrent Bl ock() in the dedicated comment scanner. This scanner
is defined in coment scan. | , and searches for directives in the block.

When a directive is found, the matching section in the current Ent r y node
is updated with the directive information.

Some of the directives in [Norling, 2005], such as \ aut hor, are already
supported by Doxygen, since they are applicable to several languages.
However, the scanner will have to be extended with rules to support the
new, Verilog-specific, directives.

The following directives will be implemented:

e \aut hor -already in Doxygen

¢ \dat e - already in Doxygen

* \bug - already in Doxygen

e \cl ock - new scanner rule needed
e \reset - new scanner rule needed
e\ conb - new scanner rule needed
e \ st at e - new scanner rule needed

* \cl ass - scanner rules for the Doxygen group concept will be used or
adapted

Chapter 5: Detailed description 23
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5.3

Tree printer module

TreePrinter

+print (root:const Entry*,os:ostream&)
1

*

Entry

+Sections: enum
+parent: Entry*
+sublist: QList<Entry>*
+name: QCString

+doc: QCString

+addSubEntry (e:Entry*)

Figur 5: UML diagram of the Tr eePr i nt er class that is used to

5.4

print a human-readable representation of a syntax tree.

The tree printer module is implemented as a stand-alone class, Tr eePr i n-
t er (see figure 5). It has one public static function, pri nt (), which is cal-
led when all Verilog source files have been scanned by the Verilog front-
end. The pri nt () function takes a pointer to the root node (class Ent r y)
of the AST and an ost r eam(output stream) reference. The AST is traver-
sed, and each node is printed to the ost r eam A typical call is

TreePrinter::print(rootPtr, std::cout);

where r oot Pt r has the type Ent ry*.

Data organizer module

The data organizer module is responsible for the program flow in Doxygen.
In the current version of Doxygen, the following steps are taken to parse a
set of input files and generate documentation from them:

1. All global structures and variables are initialized. Parser modules are
registered here.

The configuration file is parsed.

3. Input files are parsed in par sel nput () and par seFi | es(), leaving
a tree of Entry nodes for the subsequent steps.

4. The Ent ry tree is traversed several times in search for all declarations
of classes, namespaces and so on. This step leaves a number of dictio-
naries (lists) of Cl assDef instances and similar objects.

5. The documentation is written. This step is driven by gener at eQut -
put () which calls a number of functions for writing documentation
for a number of constructs. The actual documentation strings are gene-
rated by Ol assDef and its sibling classes.

5.4.1 Changes to this module

To represent the Verilog constructs that are necessary to generate useful
documentation, some changes and extensions will be made to the data
organizer module:

5.4.1.1 The module concept

Verilog’s module concept is represented as a new section type
MODULE_SECin the Ent ry class (ent ry. {h,cpp}). A new ConpoundType

24
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5.5

5.6

is added to Cl assDef (cl assdef . {h,cpp}). Support functions are upda-
ted to handle conversions between them.

54.1.2 Instantiations of modules

Requirement F-7 (at the extra level) calls for a graph (presented graphically
or otherwise) of module instantiations in the system described by the Veri-
log source code. To support this, a class representing a module instantia-
tion, I nst anti ati onl nf o, is defined. A list of such objects is held in an
Entry and a Cl assDef.

Output generator module

Output generation in Doxygen is initiated by the gener at eCut put ()
function. A list with Qut put Gener at or s, one for each output format, is
traversed and called for each construct to be output. How each construct
(e.g. a class) is output, is defined in the corresponding construct definition
class (e.g. O assDef , which defines a compound, such as a class or names-
pace). Hence, we must add knowledge of the module concept to Cl ass-
Def . The Verilog data types wire and register may utilize the Menber Def
class, since it allows for generic data types.

In order to add a section in the output data for module instantiations, met-
hods will have to be added to the output generator classes as well as the
translation interface. The details of the necessary modifications will be
investigated at a later date. Therefore, this module is included in the Criti-
cal parts chapter, section 4.1.1 "Output generation" .

Compiling and linking

The changes and additions to Doxygen will be introduced into the source
tree of the latest version of Doxygen available when the development is
started. Doxygen’s build system, using a combination of make and tmake
(Trolltech’s predecessor to qmake), will be used as it is. The build system
realizes, in essence, the following make rules:

* RunFlexon*. |, generating C++ files.

e Compile *. cpp.

* Putall object filesin | i bdoxygen. a, except for nmai n. o.

e Linkli bdoxygen. a, mai n. o and a few auxiliary libraries into an
executable.

This building scheme is quite flexible and allows for linking the modules
we are constructing to module testbenches.
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6

Reuse

6.1

6.2

This section lists software elements that can be reused when implementing
the product.

Doxygen

Naturally, a large portion of Doxygen can and will be reused for the pro-
duct. The data organizer and output generator modules will almost enti-
rely consist of unmodified Doxygen code. The necessary modifications are
described in the corresponding subsections of section 5 "Detailed descrip-
tion" .

Verilog front-end

The syntax rules of the scanner in the Verilog front-end module will have to
be written from scratch. However, the associated C++ code to create AST
nodes can be adopted from other scanners used in Doxygen. The Python
scanner in Doxygen is, just as our Verilog scanner will be, implemented as a
stand-alone scanner file, which makes it a good role model.
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7 User interface
This chapter describes the user interface of the product.
7.1 User interface of the product

The product is an extension to Doxygen, an existing software. The extensi-
ons and modifications needed for Verilog support do neither require nor
justify modifications to Doxygen'’s user interface. For more information on
Doxygen'’s user interface, see [van Heesch, 2005]. Use cases are described in
the requirements specification [Hilding, 2005].
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