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Chapter 7: Design of grug

7. CH7

7.1 Overview

This chapter unifies the concepts on program comprehension and source code analysis

presented in previous chapters.  Ideas from this material are made concrete in the form of

requirements and specification for a source code searching tool, grug  (gr ep  using GCL).

The requirements outline the goals of the grug  tool and can later be used as criteria for

evaluating the success of the tool.  The specification describes how the requirements can be

fulfilled.  To recapitulate, the purpose of grug  is to support multiple comprehension

strategies within the Portable Bookshelf by providing search capabilities.  The search tool

needs to be able to link high-level abstractions such as those in the Software Landscapes with

source code and to search source code for semantic elements, such as function and variable

definition and uses.  By supporting both top-down and bottom-up formation of program

concepts, grug  with Software Landscapes allow users to use multiple program

comprehension strategies during software maintenance.

This chapter describes the design of grug  and can be divided into two major parts.  The first

half of the chapter is devoted to the requirements of grug  and the second half is concerned

with its specification.  Various platform, functional, non-functional, and data requirements are

discussed.  The grug  tool uses the GCL query language to specify searches, so a description

of this language and the markup index and necessary macros are included in the specification.

At the end of the chapter, a preliminary implementation of grug  and its integration with PBS

are described.

7.2 Platform Requirements

The development of grug  shall take place within the UNIX environment, specifically SunOS

4.1.4.  All the tools discussed in Chapter 6 and the existing PBS tools operate in this
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environment.  As a result, there is a great deal of expertise available on developing source

analysis tools and program comprehension tools under the UNIX operating system.  From

these factors, we derive the following two platform requirements:

P1. Users shall be able to use grug  from the command-line.

P2. Users shall be able to access grug  from a web browser.

The first requirement is motivated the discussion of the strengths of grep  in Section 6.2

Many of grep ’s positive attributes are due to it being a command-line utility, and these are

attributes that we wish to build into grug .  The second requirement is motivated by the need

to integrate the resulting tool into the existing PBS.

7.3 Functional Requirements

Some of the functional requirements of grug , as listed below, are contradictory and may not

be met with a single incarnation of the tool.  For example, one of the requirements is to use

only standard input and standard output for input and output, while another is to be able to

click on the results of a search.  It may be possible to fulfill all these requirements with

implementation that accepts different invocations.  To this end, the functional requirements

have been put into four groups: 1) those that apply to all versions of grug ; 2) those that

apply to a command-line version of grug ; 3) those that apply to a grug  with a GUI; and 4)

those that apply to a grug  used over the World Wide Web.  There is some overlap between

the four groups.  For example, the version of grug  with a GUI will still need to fulfill some

of the requirements of the text-only command-line version, such as maintaining all existing

grep  functionality.  The groups of functionality will be discussed in order in Sections 7.3.1-

7.3.4.

7.3.1 Basic grug Functionality

The functionality that must be present in all the incarnations of grug  is presented in this

section.  These requirements could be considered the defining characteristics of grug  as a

semantic grep .
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F1. Users shall be able to search for semantic elements in source code.

Users shall be able to search for semantic elements such as declaration, definition, and all uses

of functions and variables, using grug .  This functionality is central to the purpose of grug

as a tool to support program comprehension.

F2. The functionality of grug  shall be a superset of the functionality in grep .

Any new functionality should be added without taking away old functionality because users

have come to trust and value grep ’s capabilities.  They will be more likely to adopt grug  if

they can still do the same searches as they did with grep  as well as the new ones.

F3. The query language used to specify searches shall be programming language-

independent.

Users should not have to learn a new syntax for each programming language.  However, it

may be necessary to learn new options to address language-specific elements such as classes in

object-oriented languages or implementors in Smalltalk.  By making grug  programming

language-independent, users can port their skills from one software system to another.

F4. The query language shall be independent of factbase schemata.

A corollary of making grug  programming language-independent, is to make grug

independent of factbase schemata, i.e. it should be able to search for any element in the

factbase.  Searches should be driven by available information rather than by specification

syntax of the search tool.  The schema of the extracted factbase varies from system to system,

and grug  should be able to work with any properly formatted index.  For example, a factbase

for a software system written in C++ would include information in classes, while this would

not be true for a software system written in C.  Users should be able to use grug  to search

both software systems equally.  Although grug  does not restrict the contents of the factbase,

it will have to be stored in a fixed format or syntax so that it can be read by grug .
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F5. Matches returned by grug  shall not be limited to a fixed unit or size.

The tool shall return matching units in sizes appropriate to the search, from an identifier to a

file.  The size of the hit returned should be driven by the query, not by some formatting

constraint imposed by a search tool.  Often a line does not provide enough context for a

match.  In many cases the desired match will be several lines or an entire function body.

Matches in grug  should not be limited to a specific unit or size, such as a single line.

7.3.2 Requirements for the command-line version

The command-line version of grug  shall have the following requirement imposed upon it in

addition to the ones outlined in the previous section.

C1. The grug  tool shall retain as many grep  options as possible.

The functionality that must be maintained includes the ability to match regular expression, and

support for the existing command flags and arguments.  Users must be able to leverage their

existing knowledge when using grug .  Minor differences in the user interface will

unnecessarily increase the knowledge that a user needs to become an expert.

C2. The grug  tool shall operate in the style of a UNIX utility.

It shall accept redirection of input and output.  The additional functionality will be added

through new command-line flags.  This requirement further defines the grep  functionality

that must be retained.

7.3.3 Requirements for the Graphical User Interface Version

The grug  search tool operating from within a GUI shall have the following requirements in

addition to the ones presented in Section 7.3.1.  The requirements in this section should guide

the design of the interface, rather than dictate a particular implementation.

G1. Users shall specify searches inside a dialog box.

Searches shall be specified in dialog boxes, similar to the example presented in Figure 7.1

below.  The left box will accept any basic grep  search.  In the centre box, the user can



85

specify the semantic element that she is searching for.  The right box allows the user to specify

the scope of the search: files, subsystems, components.  The gray triangles denote the

availability of a drop-down list from which the user can select an item.  These lists shall be

generated from the factbase schema of the software system.  It should be noted that Figure 7.1

is an example only and other designs are possible.

Figure 7.1: Example of grug  GUI Search Dialog Box

It is important to separate the standard grep  functionality from the new functionality for a

couple of reasons.  Users can still use this tool as they would existing grep  tools.  Also, this

separation serves to highlight the availability of additional features.

G2. The grug  tool shall display let users access all matches simultaneously.

G3. Results shall be displayed in a drop-down window.

The user should be able to access the multiple search results from a single window, that is, the

tool should not present the user with a sequence of individual matches.  The results of the

search should be presented in a window attached to the search dialog box, directly below it.

Solutions to searches shall be displayed with some contextual information about the match.

This may include the name of the file and the procedure or the subsystem in which the match

was found.  The matched string shall be highlighted, so it stands out from the rest of the text.

After seeing the matches, the user shall be able to modify the search without re-typing all the

information.

Search for

B*|G*

in

All subsystems

of type

Procedure
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G4. The search results shall be navigable.

The results of the search should navigable, meaning users shall be able to access and edit the

actual file containing the match.  This linkage can be achieved using either the pointing device

or some other interface mechanism.  Clicking on the matched string will open the file

containing the string in an user-specified editor.  Clicking on the contextual information about

the match shall display an appropriate landscape.  The user shall also be able to define new

searches using the search results.

G5. Users shall be able to save and playback searches and results.

The tool shall keep a history log of searches.  The user can choose to save a set of searches to

a file.  When this file is loaded later, the user can playback a sequence of searches.  The save

searches can also include user-defined annotations.  Replaying a sequence of searches can

serve a number of different purposes.  When doing a bug repair, a software maintainer can

save the sequence of searches performed before the repair and replay them afterwards.  This

allows her to do a validation of the repair analogous to regression testing.  In a different

scenario, an “exploration sequence” could be defined for the purpose of teaching a new team

member about the system.  A new team member could replay these searches to “follow the

footsteps” of senior maintainer giving a tour of the software system.

7.3.4 Requirements for Operating Across the World Wide Web

Since grug  needs to be integrated with PBS, a version of it has to be accessible across the

World Wide Web.  In addition to the requirements in Sections 7.3.1 and 7.3.3, this version

shall meet the requirements imposed in this section.

W1. The GUI shall be replicated across platforms.

The web-client must replicate the same layout and interaction as the GUI of the local grug .

While the GUI need not be identical, users must be able to use the local version and remote

versions on different platforms interchangeably.



87

7.4 Non-Functional Requirements

Non-functional requirements are concerned with how the tool operates, rather than what it

does.  In this section, some parameters on grug  execution are stipulated.

NF1. The grug  tool shall have a responsive start-up

Loading the GUI version of grug , either locally or over WWW, shall complete relatively

quickly.  In the local version, the time required to start-up the initial dialog box should not

deter software maintainers from using the tool.  A delay longer than a second would be too

disruptive and discourage adoption of the tool.  The WWW version shall have a similar load

time, excluding the start-up of the browser.  While this timing may be difficult to control due

to erratic network delays, the web page should be designed with this in mind.

NF2. Compute time for queries should be short.

Queries should return relatively quickly.  Mouse clicks, in particular, should return as close to

instantaneously as possible.  Users make queries when they are solving a problem, so delays in

responses can cause them to lose a train of thought, or become impatient.  An irritation such

as this is sufficient to cause some users to avoid the tool, thereby making it a failure.

NF3. The grug  tool shall be able to handle multiple users simultaneously

More than one user shall be able to use grug  locally or over the WWW at the same time. An

upper limit on the number of users for a Searchable Bookshelf is 20, approximately the same

upper limit on a typical software maintenance team, however the system must continue to

operate with more than 20 users.  A subset of the team should be able to shall access grug

concurrently with no appreciable degradation in performance.

NF4. The grug  tool shall operate on source code and a markup index.

Since the intended users of grug  are developers trying to performs maintenance tasks, they

will likely have access to source code.  The markup index will contain the file positions of

relevant semantic elements.  A pre-computed index should be used instead of run-time parsing

because this approach allows grug  to be language-independent—one of the basic

requirements from section 7.3.1.
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7.5 Specification of grug

So far in this chapter, we have focused on the requirements or the goals of the grug  tool.  In

the remainder, of the chapter we give its specification, which describes how those goals

should be met.  The query syntax is central to the specification, since other parts of the design

depend on this syntax.  As mentioned in Chapter 6, the GCL query language was chosen to

specify searches.  Since source code is an example of structure text and GCL was designed to

be a general-purpose query language for structured texts, GCL can be adapted easily for

source code searches.

Following the explanation of GCL in Section 7.6, is an description in Section 7.7 of the

markup schema and macros required for grug .  As will become apparent in Section 7.6, a

markup schema is required to support all the searches required by grug  and macros will be

necessary to simplify these searches.  Following these two sections is a description of a

preliminary implementation of grug  and the Searchable Bookshelf.  This work provides an

opportunity to validate the design and obtain feedback from potential users of the final

implementation.

7.6 The GCL Query Language

GCL is a query language for schema-independent retrieval from structured text, such as email,

bibliographies, HTML pages, and source code.  It has a formal definition [Clarke95a], and has

been implemented as part of the project on Very Large Multi-User Multi-Server Text

Databases [MultiT98].  GCL requires markup of the text at appropriate character locations to

indicate the boundaries of various structural elements.  For example, HTML tags could serve

as the markup for a web document.  Alternatively, an index of file locations of structural

elements could serve as implicit markup of a document.  The syntax of the GCL query

language in Backus-Naur Form is included in Figure 7.2.  Literal strings are defined as exact

matches of strings and regular expressions following the POSIX standard [IEEE92].
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Figure 7.2: Syntax of the GCL Query Language in Backus-Naur Form

statement ::=
  macro-definition
| query

macro-definition ::=
  identifier = query
| identifier (  parameters ) =  query

query ::=
  query containing  query
| query contained in  query
| query not containing  query
| query not contained in  query
| quantity of  (  queries )
| one of  ( queries  )
| all of  ( queries  )
| query …query
| (  query )
| quantity words
| identifier (   queries )
| identifier
| quoted-string

queries ::= query | query , queries

parameters ::= identifier | identifier ,  parameters

quantity ::= positive-integer

quoted-string ::= single-quoted-string
| double-quoted-string

single-quoted-string ::= regular expression

double-quoted-string ::= literal string
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Figure 7.3: Code Sample from gcc.c  of the GNU C Compiler R2.7.2

In this section, we give a brief description of the GCL query language, since subsequent

portions of the grug  specification depend on GCL syntax and semantics.  More detailed

descriptions of the the GCL syntax can be found in other publications [Clarke95a, Clarke95b]

.

The GCL query language is explained using the code sample shown in Figure 7.3.  The

function “find_file ” was taken from the file gcc.c  of version 2.7.2 of GCC, and line

numbers have been added for discussion purposes.  The examples in this thesis are based on C

source code, because C is a well-known programming language, but GCL would work with

any programming language.  In the example queries to follow, the search space is limited to

the source in Figure 7.3.  Furthermore, line 21 of the code sample:

1  /* Search for a file named NAME trying various prefixes including the
2  user's -B prefix and some standard ones.
3  Return absolute file name found.  If nothing is found, return NAME.*/
4
5  static char *
6  find_file (name)
7       char *name;
8  {
9    char *newname;
10
11   /* Try multilib_dir if it is defined.  */
12   if (multilib_dir != NULL)
13     {
14       char *try;
15
16       try = (char *)alloca (strlen (multilib_dir) + strlen (name) + 2);
17       strcpy (try, multilib_dir);
18       strcat (try, dir_separator_str);
19       strcat (try, name);
20
21       newname = find_a_file (&startfile_prefixes, try, R_OK);
22
23
24       /* If we don't find it in the multi library dir, then fall
25          through and look for it in the normal places.  */
26        if (newname != NULL)
27          return newname;
28      }
29
30   newname = find_a_file (&startfile_prefixes, name, R_OK);
31   return newname ? newname : name;
32 }
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21       newname = find_a_file (&startfile_prefixes, try, R_OK); ,

will be taken and further annotated so that additional features of the GCL query language can

be illustrated.

In Figure 7.4, line 21 is shown with each character labeled starting with a hypothetical

database position (11).  To show more than basic matches of literal strings and regular

expressions, it is necessary to add markup to this line.  The specific markup generated would

be determined by the analysis to be performed.  The type and format of the tags used in Figure

7.5 were chosen to illustrate the GCL syntax.  The markup also need not be implicit, that is

stored in a separate index file.  An explicit markup could be used with the tags embedded in

the document, as is the case with HTML files.

· · · · · · n e w n a m e · = · f i n d _ f i l e
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 39 30 31 32 33 34 35
· ( & s t a r t f I l e _ p r e f i x e s , · t r
36 37 38 39 40 41 42 43 44 45 46 47 48 48 50 51 52 53 54 55 56 57 58 59 60
y , · R _ O K ) ; \n
61 62 63 64 65 66 67 68 69 70

Figure 7.4: Line 21 of Code Sample with Hypothetical File Positions Labeled

In GCL, the “solution” to a query is a set of “extents” or “regions” in the text.  Consequently,

the markup index consists of a series of start positions and end positions of regions.  In a

solution, the extents may overlap but they may not nest.  This constraint will become clearer

as GCL queries and operators are discussed.  In Figure 7.5 the pair of columns on the right

show a set of start markers and the pair to columns on the left show the corresponding end

markers.

Although the markup in Figure 7.5 is arbitrary, it does have a rationale.  The <line>  and

</line>  are included because the GCL matching algorithm does not use the newline

character as a boundary between records and as a result the entire file is treated as a character

stream.  If line-based matching is desired, markup is necessary.
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Syntactically, line 21 shows a variable being assigned the return value of a function call.

Consequently, the syntactic elements of interest are included in the markup.  The tags

<varref> </varref>  denote a reference or access of a variable and <var> </var>

denote the variable name.  The pair <fcncall>  and </fcncall>  indicate a function call

and <fcn> </fcn>  indicate the function name.  The remaining tags markup the argument

list for the function call and the individual arguments in the list.

Tag File Position Tag File Position
<line> 11 </line> 70
<varref> 17 </varref> 70
<var> 17 </var> 23
<fcncall> 27 </fcncall> 68
<fcn> 27 </fcn> 35
<arglist> 37 </arglist> 68
<arg> 38, 59, 64 </arg> 56, 61, 67

Figure 7.5: Markup Index for Line 21 of Code Sample

The simplest query is a literal string or a regular expression.  The query

“file name found”

returns all three word phrases that match the string exactly.  In the example, there is only one

match, which is located on line 3.  The query

‘str*’

returns all the strings that match the regular expression.  Solutions from the code sample in

Figure 7.3 are strlen  on line 16 (twice), strcpy  on line 17, and strcat  on lines 18 and

19.  String matching will span across lines and ignore markup, unless otherwise specified.

Quoted string queries can be combined using the GCL operators.

The eight GCL operators fall into three categories: ordering, combination, and containment.

The ordering operator “…” is used to link textual elements.  For example, the query

‘str*’ … “multilib_dir”

would return:

 strlen (multilib_dir

from line 16 and
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strcpy (try, multilib_dir

from line 17.  Markup can also be used with the ordering operator.  A search of

“<fcncall>” … “</fcncall>”

on line 21 in Figure 7.4, would return

find_a_file (&startfile_prefixes, try, R_OK) .

The combination operators have the basic form  “quantity of ( list of queries ) ”.  A

solution covers the solutions to a specified number of queries in the associated list.  Quantity

is normally a positive integer less than or equal to the length of the query list.  A solution must

begin and end with a solution to one of the queries in the list.  The query

2 of (‘str*’, “name”, “multilib_dir”)

would return the following solution from lines 7-11:

name;

{

    char *newname;

   /* Try multilib_dir

three solutions from line 16:

try = (char *)alloca (strlen
strlen(multilib_dir ,
multilib_dir) + strlen( ,

the following solution from lines 16-17:
name) + 2);
strcpy

and the following solutions:
strcpy(try, multilib_dir from line 17, and
strcat (try, name  from line 19.

Note that the last solution demonstrates the rule that solutions can overlap but not nest.  The

string

strcat(try, dir_separator_str); strcat (try, name

begins with ‘str*’  and ends with “name” , but is not a valid solution because it contains a

solution, the one that was reported as the last item on the list above.
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The containment operators, “containing ”, “ contained in ”, “ not containing ”,

and “not contained in ” are used to search for structural relationships.  The query

(2 of (‘str*’, “name”, “multilib_dir”)) containing “try”

would have the solution :

find_a_file (&startfile_prefixes, try, R_OK) .

Or if more context was desired,

(“{”…“}”) containing  (<fcncall> … </fcncall>) containing “try”

could be used and it would return the expression block on lines 12-28.

Macros can be used to simplify common queries and to make complex queries more readable.

They are often saved in resource files at the system level and at the user level.  The following

macros can be defined for the markup shown in Figure 7.5.

LINE = <line> …</line>
VAR = <var> … </var>
VARREF = <varref> … </varref>
FCN = <fcn> … </fcn>
FCNCALL = <fcncall> … </fcncall>
ARGLIST = <arglist> … </arglist>
ARG = <arg> … </arg>

The query LINE  would return every line in the database.  The subsequent macros would

return all instances of a particular semantic element.  Macros can be used with other

operators, and can themselves be used in macros.  Parameterized macros, such as the ones

below, provide additional expressive power for chunking concepts together.  The

parameterized VARREF macro returns all uses of the variable “name”.  Similarly, the

parameterized FCNCALL macro returns all uses of the function “name”.  The GREP macro

performs regular expression matching on a line-by-line basis—in the same manner as the

UNIX utility.

VARREF( name ) = VARREF containing VAR containing name
FCNCALL( name ) = FCNCALL containing FCN containing name

GREP( expr ) = LINE containing ‘expr’

The markup and macros listed so far have for a single line.  Markup can easily span across

lines.  The tags <fcndef>  and </fcndef>  can be added to the beginning and the end of

the entire function declaration of find_file .  Markup could also be added for the name of
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the function, its return type, its formal parameters, etc.  With sufficient markup, powerful

searches can be performed.  For example, with appropriate markup, the search “List all the

names of all the functions that are called by find_file” could be expressed as

FCN contained in (FCNDEF containing (FCNNAME containing
“find_file”)) .

Furthermore, if we include files and their names as a unit of analysis and define a subsystem to

be a set of files, we could make queries about the structure of a software system.

FILE = <file> … </file>
FILENAME = <filename> … </filename>
CODEGEN.SS = FILE containing (FILENAME containing one of
( “codegen.c”, “codegen.h”, “parsecodegen.h”))

Since GCL treats input as a stream of characters, the FILE  tags are necessary to indicate the

start and end of a file.  The FILENAME tags are used to embed the filename in the character

stream.  A subsystem, such as CODEGEN.SS, would consist of a set of files.  With these

additional markup and macros, a query such as, “What are the names of all the functions

defined in the codegen subsystem?” could be expressed as

FCNNAME contained in FCNDEF contained in CODEGEN .

From the examples in this section, it is clear that careful selection of the markup schema and

the macros defined impact significantly on the types of searches the can be performed.  These

parts of the grug  specification will be discussed in the next section.

7.7 Markup Schema and Macros for grug

Markup schema for source code can be separated into two groups: those that require parsing

and those that do not.  Schemata that do not require parsing identify elements on the basis of

lexical items, such as special symbols and lexical tokens.  These approaches can be quite

powerful, but are susceptible to errors such as false hits and misses, as is the case with LSME.

A markup requiring parsing is necessary to fulfill all the requirements for grug .  Before

describing this schema that will be used, other approaches that do not employ parsing will be

discussed to illustrate some of their shortcomings.
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A lexical approach to markup could be used if only structural searches are desired, like those

performed by sgrep .  The macro definitions from the discussion on sgrep  in the Section

6.4 have been translated into GCL macros below.

COMMENT = ( “/*” … “*/” )
BLOCK = “{” … “}”
PPLINE = ( ‘^#’ … ‘$’)
IF_COND = “if” not contained in ( one of (COMMENT,

PPLINE) )… (“(” … “)” )
A C-style comment could be defined as a region of text that starts with the /*  symbol and

ends with the */  symbol.  A BLOCK is defined as a region beginning with {  and ending with

} .  A PPLINE (pre-processor line) is the entire line beginning with “#”. An if-condition

(IF_COND) is an if  not within a comment or pre-processor line followed by a pair of

brackets.

These macros provide only approximate matching since they operated only on lexical

elements.  The COMMENT and BLOCK macros would under-report true matches, whereas the

PPLINE and IF_COND macros would over-report them.  Although comments are not

allowed to nest, they may contain additional start markers /* .  In such cases, a match would

be the text beginning with the last start marker up to the close marker rather than the entire

comment.  Blocks have a similar problem.  Because blocks of expressions are allowed to nest,

only the innermost blocks would be reported.  The PPLINE macro could report lines

beginning with # inside comments and the IF_COND macro could report if-conditions inside

quoted strings.  From these examples, we can see structural approaches do not result in highly

precise matching, so parsing would be required to identify accurately semantic elements of

interest.

Schemata that require parsing can have semantic elements, such as variable names and

function definitions, in the markup index.  Parsing is necessary to obtain the markup to meet

the requirements for grug  as set out in Section 7.3.  In the remainder of this section, the

markup schema and macros for grug  will be described.  It should be noted that the schema

given here is one of many possibilities.  Other schema are possible and can be developed

according to the needs of the target application.  In the schema presented here, there are a
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number of omissions such as user-defined types, macros, if-conditions, etc.  The schema

chosen was based on the results of the study reported in Chapter 5.  Programmers reported

that the most common search targets were function definitions, all uses of a function, all uses

of a variable, and variable definitions.  The schema focuses on these elements, but could easily

be extended to include others.  The purpose of the macros, as illustrated in the previous

section, is to simplify common searches and to make complex searches more readable.

Figure 7.6 is an example of a function declaration with the character positions labeled.

Normally, character positions are numbered from the beginning of the database, but in this and

subsequent examples character positions are numbered from the beginning of the line for

simplicity.  A function declaration is the declaration of the function type without the body,

such as those found in headers and forward declarations.  Table 7.1 shows the markup schema

and macros for a function declaration.  The columns show, in order, the element being

indexed, the start tag, the character position for the start tag in Figure 7.6, the end tag, the

character position for the end tag in the example, and the macro for the element.  All other

tables of markup and macros in this chapter use the same column organization.

i n t · a d d · ( i n t · o p 1 , · i n t · o p 2
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
) ; \n
25 26 27

Figure 7.6: Example of Function Declaration

Semantic Element Start Tag End Tag Macro
declaration <fcndcl> 0 </fcndcl> 25 FCNDCL
name <fcndclname> 4 </fcndclname> 6 FCNDCLNAME
return type <fcndclret> 0 </fcndclret> 2 FCNDCLRET
parameter list <fcndclprmlis> 8 </fcndclprmlis> 25 FCNDCLPRMLIS
parameter <fcndclprm> 9,

18
</fcndclprm> 15,

24
FCNDCLPARM

Table 7.1: Markup and Macros for Function Declarations

An example of a function definition with the character positions labeled is given in Figure 7.7.

A function definition is the section of code that implements the function or attaches a body to

a signature.  Table 7.2 gives the markup and macros for function definitions.
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i n t · a d d · ( i n t · o p 1 , · i n t · o p 2
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
) \n{ \n\t r e t u r n · o p 1 · + · o p 2 ; \n }
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

Figure 7.7: Example of Function Definition

Semantic Element Start Tag End Tag Macro
definition <fcndef> 0 </fcndef> 49 FCNDEF
name <fcndefname> 4 </fcndefname> 6 FCNDEFNAME
return type <fcndefret> 0 </fcndefret> 2 FCNDEFRET
parameter list <fcndefprmlis> 8 </fcndefprmlis> 25 FCNDEFPRMLIS
parameter <fcndefprm> 9,

18
</fcndefprml> 15,

24
FCNDEFPARM

Table 7.2: Markup and Macros for Function Definitions

A function call occurs when a function passes execution to another section of code such as a

user-defined or library function.  An example of a call is in Figure 7.8 and the markup and

macros are given in Table 7.3.

\t a d d · ( l e f t , · r i g h t ) ; \n
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Figure 7.8: Example of Function Call

Semantic Element Start Tag End Tag Macro
call <fcncall> 1 </fcncall> 17 FCNCALL
name <fcncallname> 1 </fcncallname> 3 FCNCALLNAME
argument list <fcncallarglis> 5 </fcncallprmlis> 17 FCNCALLARGLIS
argument <fcncallarg> 6,

12
</fcncallprml> 9,

16
FCNCALLARG

Table 7.3: Markup and Macros of Function Calls

Figure 7.9 is a variable declaration with labeled character positions.  Figure 7.10 is a variable

definition with labeled character positions.  The two figures appear to be identical, but they

differ in that the compiler allocates memory for definitions, but not for declarations.  A

declaration such as the one in Figure 7.9 would typically appear in a header file or in a source

file preceded by the keyword “extern”.  The markup and macros for declarations and

definitions are given in Table 7.4 and Table 7.5, respectively.
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i n t · c o u n t e r ; \n
0 1 2 3 4 5 6 7 8 9 10 11 12

Figure 7.9: Example of Variable Declaration

Semantic Element Start Tag End Tag Macro
declaration <vardcl> 0 </vardcl> 12 VARDCL
name <vardclname> 4 </vardclname> 10 VARDCLNAME
type <vardcltyp> 0 </vardcltyp> 2 VARDCLTYP

Table 7.4: Markup and Macros for Variable Declarations

i n t · c o u n t e r ; \n
0 1 2 3 4 5 6 7 8 9 10 11 12

Figure 7.10: Example of Variable Definition

Semantic Element Start Tag End Tag Macro
definition <vardef> 0 </vardef> 25 VARDEF
name <vardefname> 4 </vardefname> 10 VARDEFNAME
type <vardeftyp> 0 </vardeftyp> 2 VARDEFTYP

Table 7.5: Markup and Macros for Variable Definitions

A variable reference occurs either when a variable is read or has a value assigned to it.  Figure

7.11 is an example of a variable being assigned a value, and Table 7.6 gives the markup and

macros for variable references.

\t c o u n t e r · = · 0 ; \n
0 1 2 3 4 5 6 7 8 9 10 11 12 13

Figure 7.11: Example of Variable Reference

Semantic Element Start Tag End Tag Macro
reference <varref> 1 </varref> 11 VARREF
name <varrefname> 1 </varrefname> 7 VARREFNAME

Table 7.6: Markup and Macros for Variable References

Table 7.7 shows the markup and macros for structural elements.  Lines and blocks are units

that are smaller than a file.  Files, modules, and subsystems are parts of a software system.

The line is included as a structural element because it is a construct that pervades UNIX

utilities [Pike87].  The rationale for including a block element is that it is a unit that provides

more context than a line, but usually less than a function.

Structural Element Start Tag End Tag Macro
line <line> </line> LINE
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block <block> </block> BLOCK
file <file> </file> FILE
module *.MOD
subsystem *.SS

Table 7.7: Markup and Macros for Structural References

Modules and subsystems are defined using macros that allow the grouping of files into

organizational units.  They are denoted by the .MOD and .SS  extensions.  The modules and

subsystems of a software system cannot be determined using a parser alone, and so there are

no tags for them.  They are usually defined by users or recovered using a reverse engineering

tool such as grok .  This information is used to define the modules and subsystems as macros.

7.8 Preliminary Implementation of grug  and the Searchable PBS

After developing the requirements and specification for a tool, the natural next step is to

implement it.  After some initial explorations, it was determined that an implementation of

grug  as designed would be beyond the scope of this thesis.  However, the construction of a

prototype would provide valuable feedback on the design and experience on building a source

code searching tool.  As a result, we chose to build a preliminary implementation of grug

that made use of as many existing components as possible.  We used existing PBS tools and

factbases, a regular expression matching library (GNU regex 0.12), and a GCL parsing

module from the Multi-Text project [MultiT98].  The work performed to construct grug

consisted of making minor modifications to the PBS tools used to construct factbases from C

source code, a component to work with the GCL module, and an interface between the GCL

module and the factbase.

Some modifications were made to both the PBS tools and to the concepts and syntax of GCL,

so that PBS parsers and factbases could be used.  There was a mismatch between the

information contained in the factbases and the information required by GCL.  The easiest way

to resolve this incompatibility was to make minor changes to both components.  Some

location information was added to the factbase and the GCL syntax was extended so searches

could be based on line numbers rather than character positions.  This change had a major
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impact on the syntax and expressive power of the query language, as is explained in the

remainder of this section.

Figure 7.12: Factbase Schema for GCL Index in TA Format

7.8.1 Expanding the Factbase

In existing PBS factbases, a function would have attributes for a definition location and a

declaration location:

add {
defloc = utils.c:234
dclloc = utils.h:57

}
In order to generate solutions to a query, GCL needs to know the beginning and the end of a

region.  In the case of function definitions, it needs to know not only where the definition

started, but also where it ended.  Some modifications were made to the utilities for generating

a factbase from C source code, cfx  and fbgen , so that they produced end locations as well.

Figure 7.12 is the schema for the GCL index in TA language.  The defloc , deflocend ,

dclloc  , vardefloc , and vardclloc  attributes are set to a file and line number, as in

funcdef file function
funcdcl file function
funcdcl file libraryFunction
vardef file variable
vardcl file variable
include file file
call function function
ref function variable

function {
defloc
deflocend
dclloc

}

variable {
vardefloc
vardclloc

}
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the example above.  Declarations and variable definitions are expected to span only a single

line, so “end” location attributes were not added to these.

7.8.2 Augmenting GCL

The other mismatch is between the address space of locations PBS factbases and the address

space of GCL.  The factbase stored locations in terms of line numbers within a file, whereas

GCL requires locations to be specified in terms of file positions.  The address space

mismatch was resolved by letting GCL match on a line-by-line basis and extending the query

syntax so it could match selected items that were smaller than a line.

Figure 7.13 shows the extended GCL syntax, with the new items denoted by asterixes.  The

:keyword(  quoted-string)  syntax allows searches for function declarations, function

definitions, function calls, variable declarations, variable definitions, and variable references;,

with the identifier as denoted by the quoted string.  This syntax permits searches that

distinguish, for instance between occurrences of the string “count ” and instances of a

variable “count .”  Some examples of how this syntax is used are given in the next section.

7.8.3 Using grug

In the prototype of grug , users can search for literal strings, regular expressions, and six

semantic elements.  Queries can also be combined using the eight GCL operators.  A filed

called “TAfile” containing the factbase should be located in the same directory as the files

being searched.  The command syntax is similar to one used by grep , which is

grug [options] query <files> .

The four options, -h , -i , -t , and -f , are summarized in Table 7.8.
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Figure 7.13: The Extended GCL Syntax

statement ::=
  macro-definition
| query

macro-definition ::=
  identifier = query
| identifier (  parameters ) =  query

query ::=
  query containing  query
| query contained in  query
| query not containing  query
| query not contained in  query
| quantity of  (  queries )
| one of  ( queries  )
| all of  ( queries  )
| query …query
| (  query )
| quantity words
| identifier (  queries )
| identifier

* | :keyword (  quoted-string )
| quoted-string

queries ::= query | query , queries

parameters ::= identifier | identifier ,  parameters

quantity ::= positive-integer

* keyword ::= fcndef  | fcndcl  | fcncall  |
vardef  | vardcl  | varref

quoted-string ::= single-quoted-string
| double-quoted-string

single-quoted-string ::= regular expression

double-quoted-string ::= literal string
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Option Result

-h Help information is displayed.

-i Case-insensitive is performed.

-t <filename> Instructs grug  to use factbase found in <filename> , rather than
the default.

-f <filename> Instructs grug  to read queries from <filename> , rather than the
command line.

Table 7.8: Available Options in grug

A typical grep  search such as “find all instances of the regular expression fprintf and sprintf

in stub.c” can be invoked as:

grug “‘[fs]printf’” stub.c .

Notice that GCL requires regular expressions to be placed in single quotation marks.  In order

for these to be passed from the command line correctly, the query needs to be placed inside

double quotation marks.  Similarly, strings are denoted by double quotation marks, and in

order for these queries to be passed from the command line, they need to be placed inside

single quotation marks.  This problem can be circumvented by writing these queries to a file

and using the -f  option.  Other examples of grug  invocations are given below.

The extended syntax is used when searching for semantic elements. The search ‘find the

definition of the function “Display_List” in .c files’ is invoked as:

grug ‘:fcndef(“Display_List”)’ *.c .

A search to find where the variable “memory” is defined” is performed by issuing the

command:

grug ‘:vardef(“memory”)’ *.[ch] .

7.8.4 The Searchable Bookshelf

This subsection shows how the Searchable Bookshelf was built with grug .  In Figure 8.4, the

column along the left side contains the table of contents of the books of a subject system in

PBS.  The landscape diagram is found in the large window in the right. In the small window

beneath is an HTML form that can be used to perform grug  searches.  It
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Figure 7.14: The Searchable Bookshelf


