Chapter 2: The Portable Bookshelf

1.1 Overview

The PBS (Portable Bookshelf) was the starting point for the investigations in this thesis and
this chapter presents the concepts underlying PBS and one of its essential components,
Software Landscape. The implementation and construction of PBS are described, along with

a discussion of its shortcomings.

1.2 The Software Bookshelf Concept

Software Bookshelf is a reverse engineering tool that focuses on the re-documentation phase
of a re-engineering or migration effort [Finnig97]. As its name implies, the tool is based on a
bookshelf metaphor where each book on the shelf corresponds to particular view or aspect of
the system. Books are not limited to being written material, such as design documents and
source code, but also include tools, indices, and annotations. Some tools that have been
included on Software Bookshelf are Software Landscapes (discussed section 2.3) [Penny92],
Rigi [Muller93], and Refine [Markos94].

PBS is a web-based implementation of the Software Bookshelf paradigm. It uses a web
server to deliver information from a shared repository through HTML (hypertext markup
language) pages, MIME (Mutipurpose Internet Mail Extension) types, Java applets, and CGI
(common gateway interface) scripts [Tzerpo97]. By using a Java-enabled web browser as a

front end, PBS presents users with a recognized interface that affords a familiar interaction

style.

Figure2.1shows PBS accessed from the Netscape Navigator web browser. The narrow

column along the left side contains the table of contents which lists the books for a subject



Figure 2.1: Portable Bookshelf of the GNU C Compiler



system. The Software Landscape diagram is found in the large frame on the right. A
Landscape is a pictorial representation of the architecture of the software system being
documented. It is generated by a series of static analysis tools that use the source file as the

basic unit of analysis.

One shortcoming of PBS and Software Landscapes arises from the fact that that they were
designed to be browsed. The basic mode of navigation through PBS is point and click, just as

it is with other World Wide Web constructs. There is no mechanism for searching, and by
extension, hypothesis testing. Another problem is that PBS does not provide easy linkage
between top-down and bottom-up comprehension approaches. The Landscapes provide high-
level information, while source code provides low-level. Documentation provides information

at varying levels. The interface does not have the means to support smooth transitions
between the levels. These shortcomings become more conspicuous in the user studies that are

discussed in the Chapters 4 and 5.

1.3 Software Landscape

A Software Landscape of the Objective C subsystem of the GNU C Compiler (GCC) is in
Figure2.2 This diagram was reached by clicking on the “Objc” bakigure2.1 In that

landscape, the Objc subsystem is the right-most box on the third row from the top.

Subsystems are drawn as gray boxes with a tab on the top left to give the appearance of a
folder. Modules are drawn as blue boxes with the top right corner folded down to give the
appearance of a piece of paper or a document. Green edges represent variable references and

red edges represent function calls between these units.

The graph is drawn using a nested box formalism [Harel88]. For example, at the top level is a
landscape diagram of a folder representing the entire system. In it are other folders depicting
a system decomposition. In order to see the contents of a subsystem, the user can click on its
box (select using a mouse button) which brings up a lower level Landscape. Further branches
of the decomposition can be browsed by pointing and clicking. Sometimes the entire set of

diagrams for an application is referred to as a Landscape.



Figure2.2 shows a subsystem further down the decomposition. The row of boxes at the top
of the diagram are “clients” and the one at the bottom is a “server”. Clients are other
subsystems thatse a variable or a function contained in the subsystem being viewed. By
extension, servers are subsystems that contain a variable or functiorutbdiisthe

subsystem being viewed. By using this formalism, the target subsystem can be viewed in

context [Penny92].

Figure 2.2: Objc Subsystem of GCC

In the next section, the steps and the tools involved in creating a PBS for a software system

are described.

1.4 Creating a PBS

The first step in creating a PBS is to extract the necessary facts from the subject software
system. A parser creates a factbase consisting of function calls and variable references that
cross file boundaries. Function calls and variable references that are local to a file are not
included in the factbase because these facts are not necessary for recovering the architecture
of a software system. The factbase and the information passed between tools are stored in

ASCII files using the Tuple Attribute Language (TA) [Holt97]. The decomposition of the



software is recovered by clustering files into subsystems using manual techniques and a tool
calledgr ok. The resulting information is drawn and manipulated using Java applets on the
PBS [Farman97]. In the remainder of this section, each of these steps will be discussed in

greater detail.

1.4.1 Generating the Factbase

Parsers are the only language-dependent tool required to populate a PBS. The remainder of
the tools operate on factbases written in an intermediary language. A factbase for PL/IX (a
variant of the PL/I programming language) source code is constructecplisingr sf ,

while one for C source uses the combinationfaf andf bgen. The factbase is stored in

TA, a language for representing coloured graphs.

t upl eLanguage ::= { stringToken stringToken stringToken }
attributeLanguage ::= itemd "{" {attributeSetting} "}"

attributeSetting ::=
attributeld
| attributeld "=" attributeVal ue
| attributeld "{" {attributeSetting} "}"

attributevalue ::=
stringToken
| "(" {attributevalue} ")"

itemd ::= stringToken
| "(" stringToken ")" // Relation (edge class)
| "(" stringToken stringToken stringToken ")"

TALanguage ::= {section}

section ::=
SCHEME TUPLE : tupl eLanguage
| SCHEME ATTRI BUTE : attributeLanguage
| FACT TUPLE : tupl eLanguage
| FACT ATTRIBUTE : attri butelLanguage

Figure 2.3: Syntax of Tuple Attribute L anguage in Backus-Naur Format

A software system can be thought of as a coloured graph. Entities such as variables,
functions, files, modules, and subsystems can be represented as nodes. Relations between
them such as “use”, “call”, and “contain”, can be represented as edges. Consequently, TA can

be used to represent a software system. Furthermore, nodes and edges can have



$I NSTANCE summary. ¢ nodul e
$I NSTANCE utils.c nodul e
$I NSTANCE end_of _nonth function
$I NSTANCE print Record function
end_of _nmonth {
defl oc = sumary. c: 56
def | ocend = summary. c: 87

}

printRecord {
defloc = utils.c:365
defl ocend = utils.c:425

funcdef summary.c end_of _nonth
funcdef utils.c printRecords
call end_of _nonth printRecords

Figure 2.4: Example of TA Language Applied to Software

attributes, such as a visual representation (colour, size of box, location of box, etc.) or

location in source code.

Figure2.4 gives an example of TA applied to software. The first four tuples represent nodes
and the last three represent edges. The two stanzas in the middle assign attributes to the
end_of _nont h andpr i nt Recor ds entities. In the example, the fdeinmary. c

defines the functioend_of _nont h on lines 56-87. The functigr i nt Record is

defined in the filaut i | s. ¢ on lines 365-425. Finally, thend_of _nont h function calls

thepri nt Recor d function.

1.4.2 Recovering the Software Architecture

The low-level factbase is processed to produce a high level factbase with the tuple schema
given inFigure2.5. Processing is done using theok tool, essentially a binary relational
“calculator” that can be used to induce relationships about factbases. It can perform
operations analogous to those in SQL, such as selects, joins, and intersections, as well as
transitive closure. Common sequences of operations can be written into scripts, as is the case
for the operations to create a high-level factbase from the ones produgedx8r sf and

cf x/f bgen.



$I NSTANCE [ nane] nodul e

$I NSTANCE [ nane] subsystem
useproc nodul e nodul e
useproc nodul e subsystem
useproc subsystem nodul e
useproc subsystem subsystem
usevar nodul e nmodul e

usevar nodul e subsystem
usevar subsystem nodul e
usevar subsystem subsystem
i mpl emrent by nodul e nodul e
contai n subsystem nodul e
contai n subsystem subsystem

Figure 2.5: Factbase Schema for Softwar e L andscape

The final step in creating the architectural level factbase is to cluster the files into subsystems.

A domain expert is consulted to identify a system decomposition and to allocate files to
subsystems. This information is usedgoyk to make further inferences about interactions
between subsystems and modules. Attributes are added as necessary by tools that use the
factbase. For examples| ayout , a tool for drawing software landscapes, adds attributes

such as colour, size, and location. An expert is often consulted during this phase of the
recovery as well. Although this approach is time consuming, the results are often better than
those generated using automated approaches alone. Users tend to find the visualizations more

aesthetically pleasing and consistent with their own mental models of the system [Tzerpo96].

1.5 Populated Bookshelves

A number of PBSs have been populated for “real world” software systems including GCC,
Linux, and TOBEY. The first two are relatively large systems (200-300 KLOC) with publicly
available source code, which makes them appropriate for testing PBS construction tools.
With a world-wide user base, both pieces of software are modified frequently, often by people
who do not know the source code intimately. Consequently, Software Bookshelves of these

systems have a purpose beyond an academic exercise.

The TOBEY (Toronto Optimizing Back End with Yorktown) system is a compiler component
maintained by a team at IBM Canada Ltd. A PBS for this software has been populated in

anticipation of a migration to C++ from PL/IX. When the PBS was constructed, there were



about ten people on the development team, and the system consisted of approximately 250
000 lines of code. Source code, some documentation, and Software Landscapes had been put
onto the PBS. Software immigrants and veterans of this group were studied to evaluate the
effectiveness of PBS as a program comprehension and reverse engineering tool, and this work

is reported in Chapter 4.

1.6 Summary

In this chapter, PBS concepts and architecture were explained. The PBS is a web-based
reverse engineering tool based on the metaphor of a bookshelf. On the shelf are books
corresponding to views of the system as presented by written material and tools. A web
server is the delivery mechanism for this repository. The main view in PBS is a visual
representation of a software system decomposition, known as Software Landscapes. In these
diagrams, document and folder icons represent source files or collections of source files, and
relationships between them are represented by arrows. Different levels of the system

decomposition depicted by Software Landscape can be browsed by pointing and clicking.

Also discussed in this chapter is a brief overview of how a PBS is constructed for a subject
system. The different tools in PBS use a language-independent factbase written in TA (Tuple
Attribute) Language. There exists a suite of lightweight tools to generate and manipulate the
factbases. The chapter concludes with the presentation of a list of software systems that have

been re-documented using PBS.



