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Chapter 5: Source Code Searching Survey

5.1 Overview
A study was undertaken to characterize the source code searching behaviour of programmers.

Answers were sought to four research questions:

* What tools do programmers use to search source code?
* Which tasks require programmers to perform a search?
* What do they look for when searching source?

* What do they wish their tools could do?

The tools currently used for searching can serve as role models for the source code searching
tool being developed for PBS. Results from the second two questions could be used to
construct a series of archetypes to characterize searching behaviours. The last question
should provide not only a list of suggested features, but also provide insight into the
underlying questions that programmers are trying to answer when they search. This survey
and its results are reported in this chapter. A subset of this material has been accepted for
publication [Sim98b].

There were two objectives in this study. The primary objective was to understand how and
why programmers searched source code. We asked about the tools they used and situations
in which they searched source code. Qualitative and quantitative data from participants were
used to construct a model of searching behaviours. Anecdotes of the situations were used to

develop a series of archetypes of source code searching.

An archetype is a concept from literary theory. It serves to unify recurring images across
literary works with a similar structure [Frye57]. In the context of source code searching, an
archetype is a theory to unify and integrate typical or recurring searches. As with literature, a

set of them will be necessary to characterize the range of searching anecdotes.



42

The secondary objective was to determine the efficacy of using a web-based questionnaire to
survey programmers. Surveying is a method often used in the social sciences to collect data in
a structured or systematic manner [deVaus96]. The methods in this study were similar to

those used by Eisenstadt [Eisens97].

The method is further described in Seco? and the results are presented in Secto&s
5.6and Sectiom.8 Archetypes and uncommon search situations are presented in Section
5.7. The chapter concludes with a discussion of how the results and archetypes can be applied

to tool design.

5.2 Method
In a survey, the specific data gathering technique chosen, i.e. interviews, questionnaires, or
archival research, depends on the phenomenon being studied [deVaus96]. Regardless of how
data is gathered, there are five steps in performing a survey:

1. Formulate the research question.

2. Create the data collection instrument.

3. Select the sample and sampling method.

4. Administer the survey.

5. Analyze the data.
This survey uses a written questionnaire to collect the data and availability sampling to obtain
the participants. The survey was administered using a World Wide Web page and participants
were solicited from seven USENET newsgroups. Both qualitative and quantitative methods
were used to analyze the data, because the survey had both open- and closed-ended questions.

These steps are described in detail in the following sections.

5.2.1 Formulate the Research Questions
In this study, we wanted to understand how and why programmers searched source code.

The four questions that we wanted to answer in this study were:

* What tools do programmers use to search source code?
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* Which tasks require programmers to perform a search?
* What do they look for when searching source?
* What do they wish their tools could do?

These research questions are exploratory in nature and our goal was to development a
preliminary characterization of source code searching. The tools currently used for searching
provide role models for future tool development, and their shortcomings suggest areas for
improvement. The targets and motivations for searches indicate some of the functionality
required in such a tool. The answers to the last two questions were given in anecdotes, so

analysis of this data resulted in a set of archetypes to further inform tool design.

5.2.2 Create a Data Gathering Instrument

A questionnaire was selected to be the data gathering instrument because we wanted to
collect information from a large number of respondents, many of whom we would not be able
to contact personally. The questionnaire consisted of two web pages. The first was an
introductory page with an explanation of the purpose of the survey and the rights of the
participants. A link at the bottom of the page led to the actual survey. This two page format
was used to encourage respondents to read this preamble before beginning the survey. The
introduction had two parts, each fulfilling a distinct aim: a purpose statement motivated
participants to give thoughtful responses to all the questions, and the statement of participant
rights informed respondents of their rights according to standard ethics procedures
[deVaus96, Foddy93].



Figure5.1: Introductory Page of Questionnaire
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Question 1: Tools Used
What tools do you use to search source code? Check all that apply.
grep, fgrep, etc.  []
find or "File Find" []
editor []
e.g. vi, emacs, edit
integrated development environment [ ]
e.g. MSDS
other []
Please specify:

Question 2: Program Analysis Tools
Do you use an integrated software analysis and exploration tool? Two examples a
SNiFF+ and CIA.
Yes []
No []
Question 3: Development Activities Requiring Searching

How useful is it to search source code when:
Not at all useful Very useful

doing low-level design? 1 2 3 45
writing new code? 1 2 3 45
testing? 1 2 3 45
understanding old code? 1 2 3 45
repairing bugs/defects? 1 2 3 45
adding a new feature to
old software? 2 3 4 5
improving performance? 1 2 3 45
inspecting and reviewing
code? 1 2 3 4 5
writing documentation? 1 2 3 45
maintaining documentation? 1 2 3 4 5

Question 4: Typical Usage Situations
Describe one or more situations when you needed to search source code. What d
use to find it? What were you trying to find? Why did you need to find it?

Question 5: Wish List
What types of searches would you like to be able to perform?

Question 6: Primary Responsibilities

45
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What are your primary job responsibilities? Check all that apply.
Research []
Consulting []
Developing software for a customér
Maintaining software for a custonjgr
Developing a software product [ ]
Maintaining a software product [ ]
Developing in-house software [ ]
Maintaining in-house software [ ]

Question 7: Time With Source Code Written By Others
Of your total time spent working with source code, what percentage of that time is §
working on source code written by other people?

0-20% []
21-40% []
41-60% [
61-80% []
81-100%  []

Question 8: Participation
Where did you hear about this survey? (Please give the name of the newsgroup or
sender.)

Question 9: Future Studies
Would you be willing to participate in future user studies of source code searching?

No []

Yes []

If yes, please provide your email address.
Email:

spent

email

Figure5.2: Text of Questionnaire

The questions and their wordings were tested in a pilot study of six respondents. These

respondents were contacted by personal email and they were later debriefed, again

by email.

Our experiences from the pilot study are reflected in the final text of the survey. Data from

the pilot study were not included in the analysis of the main survey. The text of the

found inFigure5.1 andFigure5.2

survey is
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5.2.3 Define the Population and Sampling Method

The population of interest for the survey was loosely defined, so a random sampling method
could not be used. The population was any programmer who had worked with relatively large
pieces of existing source code. Due to a lack of demographic information it was difficult to
operationalize this definition. It was not possible to enumerate the population and randomly
select participants. Consequently, availability sampling, also known as convenience sampling,

was chosen. Normally, this method is used only in exploratory studies, such as this one.

Availability sampling is probably the least rigorous of the common sampling methods. It
operates by publicly soliciting volunteers to participate in a study. The main drawback of
using this technique is it does not obtain a representative sample. First, individuals with the
“volunteer personality” are over-represented in the sample. Second, the sample does not

represent the population of interest, in this case software maintainers.

In social research, the volunteer personality can be a serious confound because they differ
systematically from the rest of the population. While it is a factor in this survey, it is less of a
problem because the topic is technical rather than social. It could even be argued that its
influence is positive because volunteers tend to be more intelligent, better educated, and more
extraverted than the general population, resulting in a participants who can more easily
describe their habits [Rosent75].

Had another sampling method been used, it still would be difficult to show the results can be
generalized to the population of software maintainers. Not enough is known about the
demographics of the population to determine whether a sample is representative. Since this
study is exploratory in nature and its goal is to build a model of source code searching,

availability sampling is adequate for the task.
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Thanks to all of you who have filled out the survey. The responses
so far have been excellent. I'm posting another request for those
people who meant to do it and it slipped their mind, or for those
who just need a little more encouragement.

Ses
UNIVERSITY RESEARCH SURVEY ON SOURCE CODE SEARCHING

Are you a programmer? Have you ever had to search your source code?
If you have, please visit:

http://www.turing.utoronto.ca/~simsuz/survey/scss-intro.html

We're surveying computer professionals on how they search source
code as part of the ESSME project at the University of Toronto. We're
looking for fairly basic information, such as what tools you use and what
kinds of things you look for. Our research project builds tools that are
based on what programmers actually need rather than ideas that sound good.
So next time you're waiting for a compile, or if you're having a quiet

day during the "holidays," take 5-10 minutes and fill out the

survey at:

http://www.turing.utoronto.ca/~simsuz/survey/scss-intro.html

Any anecdotes, comments, or ideas that you have will be appreciated.

Thanks in advance for your participation.

Figure5.3: Message to Solicit Participants

5.2.4 Administering the Survey
The pages were published on a web site and participants were solicited from USENET

newsgroups. A message was posted to eight newsgroups:

comp.lang.c.moderated , comp.lang.c++.moderated :
comp.lang.java.programmer , comp.lang.cobol , comp.lang.fortran :
comp.lang.smalltalk , comp.lang.lisp , andcomp.software-eng

The same message was reposted one week later with an additional paragraph at the beginning.

There were no participants frooomp.lang.c++.moderated , because requests for
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participation were filtered out by the moderatbigure5.3 shows the final message that was

posted. All of the data were collected within a four week period.

5.2.5 Analyze the Data

Coding is the process of assigning values to variables to represent each respondent. In the
analysis of the six multiple choice questions the variables were scalar, such as counts and
ratings. For the two free-form responses the variables were qualitative, meaning their
“values” were text descriptions or lists. These variables were analyzed by grouping similar
responses together. The anecdotes were coded using qualitative data analysis techniques in
several iterations [Miles94]. Coding of situations is described in greater detail in Section
3.3.1. During this process, we used grounded analysis, that is, the categorization of search

situations was driven by the data, rather than a theory of how a task is performed [Strauss90].

5.2.6 Methodological Considerations
Two issues affecting the validity of the study and the suitability of the chosen method: external

validity of the results, and reliability of the respondents.

5.2.6.1 External Validity

The method selected is appropriate for the goals of the study, to build a set of archetypal
source code searches. By using a structured data collection method, it is possible to can
beyond looking at an interesting story in isolation. With independent confirmation by multiple
sources, an anecdote becomes a thread of commonality across cases. Although some of our
data is quantitative, it would be inappropriate to generalize them to a population, for the

reasons stated in Sectibr.3

These archetypes are best applied to the design of tools intended for a user group similar to
the sample. In the following sections, it becomes clear that the bulk of the participants work

with procedural programming languages, either on UNIX or Windows operating systems.
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There were enough Smalltalk and Lisp programmers among the respondents with unique

anecdotes to show that the archetypes do not fit them well.

5.2.6.2 Reliability

Since the primary interest of this survey wasrdrge of source code searching behaviour,

we chose to use a survey rather than interviews or protocol analysis. Results from a relatively
large number of people were needed to construct this model, and it would have been very
time-consuming to use interviews or protocol analysis to collect the data. One of the
advantages of interviews is that they are more dynamic, more interactive, and open-ended, so
we attempted to emulate this by making parts of the survey open-ended free-form questions.
Recall from Chapter 3 that protocol analysis provides information about the thought processes
used while a task is performed by having subjects talk aloud during an experiment. While
appropriate for constructing theories at a different level of analysis, this method would not

have provided us with data consistent with our goals.

The survey relied on software maintainers’ self-reports of their searching behaviour. While
not as reliable as direct observation, self-reports are still a good source of data to inform
research. Analysis was kept as grounded as possible, so the results presented tend to be

summaries of the data rather than a complex argument constructed around the data.

5.3 Results

Sixty-nine respondents provided descriptions of 111 search scenarios and 207 suggestions for
features. Overall the quality of the results were quite good; only a small number of
respondents did not answer every question on the survey. Most of the responses were in
point form, but their thoroughness often compensated for the lack of formality. Some
anecdotes were quit long, spanning more than a page. Other, the responses were humorous,

for instance, “Show me the location of the next error | should fix’ :-).”



51

The results of the survey are presented in four subsections. Respondents’ backgrounds are
described in Sectiod.4 and search tools they use are reviewed in Sest®nTargets and
motivations for both common and uncommon searches are described in Séctibmally,
the various requests for tool improvements are discussed in Se@&iddnless otherwise

specified, results are presented as counts inside brackets.

5.4 Participants

The credibility of the anecdotes depends on them originating from a variety of sources.
Therefore, it is important to show in this section that a diverse group of the participants were
obtained before presenting the trends in searching behaviour. The sixty-nine participants who
submitted questionnaires came from a variety of newsgroups and email domains, and used a
range of search tools. The participants originated from seven different newsgroups. The

distribution of their origins is given ifiable5.1

Newsgroup Number of

Respondents
comp.lang.c.moderated 28
comp.lang.lisp 12
comp.software-eng 7
comp.lang.fortran 7
comp.lang.cobol 5
comp.lang.java.programmer 4
comp.lang.smalltalk 3
unknown 3
Total 69

Table5.1: Origin of Participants By Newsgroup

The last question of the survey asked if respondents were willing to participate in future
studies of source code searching. Forty-five respondents were willing to participate in future
studies and consequently gave their email address. An analysis of the domains of the malil
addresses indicated that more than two-thirds of them were from commercial and government

domains. The distribution of participants by domain nameTisibte5.2
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Domain Number
com, gov, co.uk 26
net, org 5
edu, ac.uk 6
other 8
Total 45

Table5.2: Origin of Participants by Email Domain

5.5 Search Tools

The survey included a multiple choice question on the tools that respondents used to search
source code. The available choices are showalne5.3. In addition, a box was provided

for the name of any tool that fell into the “other” category. We found that the participants
generally relied on standard tools. Tgrep category included its variants suchfgiep ,

egrep , andagrep , which perform regular expression matching over files. Although it is
capable of much morénd , in its most basic form, is a tool that searches file names.

Almost all the respondents (65) used either their editor or IDE (integrated development

environment) to search source code, and yet a large number of them used other tools as well.

Tools Used Number
editor 57
grep 47
find or “File Find” 38
IDE 26
other 38

Table5.3: Tools Used

In the fill-in box for the “other” category, a total of nineteen different tools were mentioned.
The distribution of the tools from this category is giveiiable5.4. Some participants
entered more than one tool. If a tool was mentioned in an anecdotes that was not already in

the list of “other” tools, then it was also added.

Included in the category of “tagging utilities”, westags , ctags , andftags . The
“scripts” category includes any shell scripts, Perl or awk programs, and batch files.

“Proprietary source browsers” included tools that were sold for the purpose of source
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browsing such as Cygnus Source Navigator, SoftBench, and tools that were bundled with
third party libraries. Smalltalk and Lisp programming environments were included in

“language environments.” These tools were included in this category rather than IDE because
they include a number of elements that are tightly integrated with the language and run-time
environment. The UNIX utilitkref builds a cross-referencing index of functions and

variables. The last category included Norton Text Segeadoc , the compiler, and “my

brain”.

Tool Number

tagging utilities 11

scripts 7

proprietary source browsers 6

language environments 5

xref 4

miscellaneous 10

Table5.4: " Other" tools used

5.6 Situations

| needed to understand old spaghetti code which used global
variables for everything. Say there was a variable 'foo’

which stored a critical value. I'd grep for reads and writes

to this variable, to see which functions were involved in
creating and using this value. I'd also search for it(in

emacs) in a cross-reference listing to make sure | didn't
miss some place.

Figure 5.4: Example of Scenario Anecdote

We received descriptions of 111 searches that ranged in length from a single line to more than
a page. All but four respondents contributed anecdéigsire5.4 contains a typical

anecdote regarding a situation that required source code to be searched. In this subsection,
the results of analyzing the anecdotes are presented. First, the search targets and the
motivations for searching are discussed. In Seé&i@rthe relationships between these two

dimensions are examined to formulate searching archetypes.
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5.6.1 Coding and Analysis of Anecdotes

Anecdotes were categorized along two orthogonal dimensions: the specific search target and
the motivation for performing the search. The coding categories are presdfitpadéd.5.

Search targets tended to be quite easy to categorize, whereas motivations required stricter
rules for categorization. Some anecdotes had multiple search targets or multiple motivations.
The example presented above, the search targets were coded as “function definition” and “all

uses of a variable,” and the motivation was coded as “program understanding”.

Specific search target
function declaration
function definition
function use
function use-all
variable definition
variable use
variable use- all
class definition

. class use

10. class use- all

11. specific string

CoNoTO~WOWDNE

Motivation for Search

16. dead code elimination
17. clean up

18. impact analysis

19. bug repair

20. feature add

21. naming conflicts

22. porting

23. code reuse

24. maintenance

25. program understanding
26. other

12. specific string- output
13. specific string- com
14. file

15. other

Figure5.5: Coding Categories

The program understanding category was used as little as possible because it could be argued
that all searches are performed for that purpose. In the example, a program understanding
motivation was selected because the respondent gave no other explanation for why she was
performing the search. The maintenance category was also used in a similar manner. We

selected the most specific motivation for the search based on statements by the participant.

5.6.2 Search Targets
During coding of the 111 anecdotes, 154 search targets and 94 motivations were identified.
The four most common search targets were function definitions (26), all uses of a function

(23), all uses of a variable (23), and variable definitions (19). Definitions are the portion of
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the source code that implements a function body or determines the type of a variable.

Searches on functions, variables, and classes are summarTaddeh.5 Further analysis of

the searches on variables indicated that respondents were more interested in locations where a
variable was written or assigned to (6) as opposed to simply read or referenced (1). Clearly, a

piece of code that changes a variable affects the program more than one that only reads it.

Function | Variable | Class | "owt@
declaration 10 - - 10
definition 26 19 5 50
(single) use 11 9 1 21
all uses 23 23 5 51
column total 70 51 11 132

Table5.5: Summary of Common Sear ches: Numbers shown on the table are counts of occurrences.
Top four values are in bold. There were 154 total search targets.

Other common targets of searches were strings, either those output by the program or those

in comments (10), and files where code was located (5). All searches for strings output by the
program coincided with a defect repair. Software maintainers often take the error message in
a bug report as a starting point for their investigations. They search for the line of code that is

responsible for outputting that message and trace backwards from there.

5.6.3 Motivations for Searching

The motivations for source code searching were grouped into eleven categories as shown in
Table5.6. The categories and names are straightforward, with the exception of “clean-up”,
and “naming conflicts”. These two categories will be discussed in greater detail and examples

for each are provided.



Figure5.6: Usefulness of Sear ching Sour ce Code by Task
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Clean-up occurs before a program is frozen for release. A programmer may hard-code some
strings during development, or leave notes to herself in the code. These items are removed
before the code is shipped. A naming conflict occurs if a new function, variable, or class uses
an existing identifier. A developer searches code to ensure a proposed identifier is conflict-

free. In such cases, the programmer picks a name and searches to ensure that no conflict

exists.
M otivation Number
defect repair 19
code reuse 14
program understanding 13
impact analysis 12
maintenance 7
feature addition 7
clean-up 5
naming conflicts 4
porting 3
dead code elimination 3
other 7
Total 94

Table5.6: Summary of Motivationsfor Searching

The four most common motives for searching source code were defect repair(19), code reuse
(14), program understanding (13), and impact analysis (12). The results of this analysis
should be compared with those from question three of the survey. It asked, “How useful is it
to search source code when...” along with a list of ten activities from the software
development cycle, and asked respondents to give a rating on a scale of one (low) to five
(high). It was found that the tasks in which searching was most useful (median rating 5) were
repairing bugs or defects, understanding old code, and adding a new feature to old software.

The distribution of the ratings are presenteBigure5.6.

5.7 Searching Archetypes
Archetypes were generated by examining the search targets and motivations presented in the
previous section for patterns. Common or frequently-occurring relationships between targets

and motivations were identified as a pattern. Eleven archetypes are presented in this section,
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beginning with the strongest ones. Also presented in this section are uncommon searches

because they complement the archetypes by capturing the additional variability.

5.7.1 Common Searches
The pattern that emerged in the impact analysis category is the most definite.

1. During impact analysis, developers often looked for all uses of a variable or

function.

Of the twelve searches with this motivation, nine were for all uses of a function or variable.
Impact analysis is usually done to evaluate a change to the software. The developer wants to
make sure that she has not broken anything inadvertently, therefore checks all uses of the
modified component. This relationship is credible not only because the underlying explanation

is plausible, but also because the numbers in this category are consequential.

In the program understanding category there were two main patterns of searching.

2. Searches motivated by program understanding sometimes sought function and

variable definitions.

3. At other times, the search targets were a use of a function, variable or object.
Of the thirteen searches performed for this purpose, five were looking for definitions of
functions or variables, and five were looking for function or variable or object use. In the case
of definitions, the maintainer was trying to determine the effect of a particular function call or
the data type of a variable. In the case of the latter, she understood the object, variable, or

function, but wanted to know how it fit with the rest of the program.

The code reuse category revealed two patterns of searches.
4. To reuse code, a programmer searched for function signatures to call it correctly.
5. Alternatively, a programmer searched for functionality that was known to exist,
but the name may not have been known.
Of the fourteen searches undertaken for the purpose of reusing code, seven were for function
definitions and three for function declarations. When reusing code, one of two scenarios may

occur: the developer knew the name of the function but needed to check the parameters in the
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declaration or definition; or the developer knew that code to perform a certain procedure

existed, but was unsure of its name, so she performed a search.

In the bug repair category, there were a large number of examples (19) with a variety of
search targets.

6. Maintainers tackled bugs by identifying the function that was misbehaving.

7. Another approach was to track usage of a variable.

8. An output string served as the starting point for a bug-hunt.
The three most common targets were function definitions (4), all uses of a variable (3), and
output strings (3). The first pattern corresponds to a situation where a programmer knew that
something was going wrong and was looking for the function responsible. Consequently, she
looked at a lot of function implementations or definitions. The second archetype corresponds
to a scenario where a maintainer knew a variable was set incorrectly during execution. In
such a case, she looked at all uses of that variable to find the error. In the case of the third
pattern, the programmer has received a bug report containing an error message. The search
for the faulty code began by tracing how the message came to be printed. This pattern was
particularly strong because all instances of searches for output strings were motivated by bug

repairs.

In the porting, feature addition, and dead code elimination categories, relationships were
found, but due to the small number of anecdotes it is difficult to evaluate their significance.

9. To eliminate dead code, a maintainer needed to find all uses of the entity being

removed.

In all of the dead code elimination searches(3), the targets were all uses of either a function
(1) or a variable (2). In order to eliminate a variable or function, the maintainer has to make
sure that it is either not used at all or used only in functions that will never be called.
Therefore, she needs to be able to account for every use of that function or variable. This
relationship is more credible than the others that have a small number of examples because its

underlying explanation was present in the anecdotes and is highly plausible.
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10. When porting code, developers often examined variables.
In all of the porting examples (3), the respondent was looking for information about variables.

In two cases, it was all uses of a variable, and in the third it was the variable definition.

11 When adding features, developers sometimes examine functions.
In four of seven feature addition searches, the respondents were looking for information about
functions. There were no clear patterns found among the searches in the clean-up, naming

conflicts, and maintenance categories.

5.7.2 Uncommon Searches

In this section, we present some of the unique anecdotes we received in the survey. These
anecdotes are noteworthy because they illustrate some the issues that software maintainers
have to deal with, but are easily overlooked because they are atypical. We look at searches

performed for preventative maintenance, code reuse, and testing.

Although preventative maintenance is generally agreed to be a good idea, many software
shops don't have time to do it. In the study, we received two anecdotes that described
searches that were performed for the purpose of doing preventative maintenance, at least on a
small scale. Respondent 17 recalls an occasion when she discovered a variable had been used

unsafely and she went through the source to verify other uses of that variable.

Upon noting an unchecked strcpy() into a global char *, [l
needed] to locate the declaration for the variable to
discover it's size and locate references to that variable to
see if bounds checking was performed explicitly.

Another application of searching to do preventative maintenance was described by respondent

66. She would look through the code for:

mundane spell correction: how many ways did i spell one
variable name by accident

If an identifier is used only once, then it is likely an error. An unused variable can be caught
by a compiler or interpreter if warning levels are set appropriately, but these discrepancies can

be a problem in languages that do not require variables to be declared before they are used.
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An example of one such language is Perl. Although Perl is usually considered a scripting
language, used for quick and dirty programming, it is being used for increasingly larger
projects on the World Wide Web. Consequently, a tool that could ferret out identifiers that

occur only once could become increasingly important.

Some common code reuse examples were discussed in the previous section, and to these

respondent 23 adds the following example:

It has also helped in the design phase to be able to find
another program that was used for the same purpose and this
helps others to develop their applications quicker.

Rather than just reusing existing functions during the implementation phase, her team tries to
reuse code during the design phase as well. This programmer searches for code with a
particular functionality to make further development easier. It's not clear how the respondent

performs these searches and what tools she uses, but the possibilities are intriguing.

The usefulness of searching during testing had a low ranking (fifth out of ten maintenance
tasks), but a high rating (median of 4). An anecdote from respondent 66 illustrates this
finding:

how many ifdef? where are they? used to figure out relevant
test cases for ported code

Hence, searching is probably not used during the actual testing of code itself, but it can be

helpful in generating test cases.

5.8 Respondents’ Suggestions for Features

We were interested in the shortcomings of existing tools and what kinds of searches
developers would perform if their tools could support them. In question five on the survey,
under the heading of “Wish List”, we asked “What types of searches would you like to be able

to perform?”

Not all respondents gave suggestions for features, but those who did often had a lot to say.
Forty-three respondents gave 207 different suggestions for features. An example suggestion

is shown inFigure5.7. It contains about as many suggestions as a typical response, but is
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more concise. Some of the requests were for features already available in existing tools, while
others were novel and interesting ideas. There were suggestions that would have been more
appropriate for other software tools, such as visual debuggers, or editors. As with the
previous free form question, there were the humorous suggestions, one respondent wrote,

“...and | want a built-in cupholder.”

I'd like a tool (both command-line and interactive) which
deals with types, macros, local & global variables, functions,
and where you can get all sorts of listings, given a set of
source files; module & function where it is defined, modules &
functions where it is used (read vs. written)

Figure5.7: Example of Wish List for Features

We found that a set of rational suggestions is not necessarily a rational set of suggestions.
While each respondent gave self-consistent suggestions, as a group the suggestions were
sometimes highly contradictory in nature. The list is by no means a recipe for success. Any
researcher who took the entire list of suggestions and implemented them all in a single tool

might be disappointed with the results.

The suggestions for features could be placed into three groups: requirements for a software
tool; requests for existing features; and suggestions for functionality. The thirteen tool
requirements were the most contradictory. Below are portions of three responses to this

guestion.

...play well with the existing unix environment. ie, | need
to be able to write shell scripts around it, use it
comfortably from within emacs, other utilities, etc.

If you could provide a visually oriented tool that would
allow me to construct regular expressions without having to
remember the rather arcane syntax | would be most grateful.

Here's what | would not want. Select from a menu to pop up
a form. Fill in the form. Click OK. | won't mention
names.
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The overall message appears to be: developers want tools that fit with the way they work. So

when designing a tool, it is important to know your users and how they work.

There were fourteen requests for existing functionality. Of these requests, seven were for
regular expression matching, four were for searches on multiple files or a subdirectory
hierarchy, and one each for optional case sensitivity, fast search summaries, and multiple
search targets. There are several possible explanations for these requests. Respondents may
have included these suggestions to emphasize how useful they found them. Or this
functionality may not have been available in their operating environment. Alternatively, this

functionality was available, but the respondent was not aware of it.

In the remaining 170 suggestions, the most common recommendations were for building in
some awareness of the programming language (88) and greater ability to control the scope of
the search (28). Of the former group of suggestions, 47 were for the ability to easily find the
common search targets such as the declarations, definitions, uses, and all uses of functions,
variables, or classes, as displaye@able5.5. In the case of variables, respondents again

wanted to be able to discern between uses of a variable that were assignments and references.
The other recommendations in this group were being able to include, exclude or focus on
elements such as identifiers, comments, and quoted strings. Some respondents wanted to be
able to optionally preprocess the code before searching. Others wanted the search tool to be

able to resolve references, such as pointers and macros.

The ability to control where a tool searched was also important to respondents. They wanted
to be able to specify multiple files, sets of files, a search path, multiple subdirectory
hierarchies, or modules. Three respondents suggested limiting the search to the current
compile environment, meaning the file from which the search is originating and the files that it
links with to form an executable. Others requests were to be able to search only among
instances of a particular data type, among those functions and variables currently in scope, or
within an#ifdef ~ macro branch in C/C++. Being able to easily control the search domain

meant not just being able to include elements, but exclude them as well.
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Some respondents suggested being able to control the size of the successful match (7). A
single line was sometimes too small a range, and at other times it was too large. Participants
wanted to be able to match a target that appeared over several lines. They also wanted to

match only tokens from the language.

There were three requests for the ability to do searches that optionally ignored white space, so
that a search for a function call such add( ” would match ‘add( ”, “add \n( " and

“add ( ", as well. Although this search can be performed using regular expressions, its
specification requires more typing than most users are willing to do. There were other
requests that went beyond regular expressions. There were five recommendations for exact
matching of a literal string. Fuzzy searching was also requested, that is, the ability to specify a
target that is close to the desired result. For example, it is possible to perform a search for a
variable that is “kind of long and has a bunch of vowels at the beginning”. It is useful for

finding a function that is known to exist, so it can be reused. Three respondents wanted to
perform searches on the search results, and two wanted to be able to perform searches based

on functionality, i.e. find a function that does matrix multiplication.

There were a large number of suggestions that appeared only once, and these tended to be
intriguing. One respondent wanted a tool that could identify all the functions that could have
an impact on a variable. This is similar to finding all locations where the value of the variable
is modified, but with the results in a call graph format. Another respondent wanted to find
blocks of code greater than a given number of lines that were identical. Once these common

areas were found, it may be possible to replace them with a single function.

5.9 Implications for Tool Design

As is evident in both the common search targets and the suggestions for features, respondents
search for semantic elements in the source code. In this context, “semantic” means units that
are meaningful in the language and can be “understood” by the compiler. Sometimes the units

are labeled as syntactic, and the term semantic is reserved for their real-world meaning or



65

effects. The most common search targets were function definitions, all uses of a function, all
uses of a variable, and variable definitions. A large group of suggestions for search tool
features requested greater awareness of the programming language; 88 out of 180 suggestions

fell into this category.

The bottom-up aspect of the integrated code comprehension model seems to be at work here.
Programmers are trying to build meaningful units from text strings and by finding the
understanding the semantics associated with the identifiers. This strategy contrasts with the
ones applied to Software Landscapes. When presented with an abstract pictorial
representation of a software system, maintainers wanted to use a top-down approach. They
wanted to relate a visual element, such as a box or arrow, to source code as directly as
possible. By adding a tool designed for searching source code to PBS, software maintainers
would then be able to use multiple code comprehension strategies, that is, both top-down and

bottom-up, in combination to understand a software system.

Although programmers are searching for semantic elements, few of their tools support
searches keyed in this manner. Instead, the mechanism that they use to perform these
searches is regular expression matching on the source code. Aside fromgreioris the

tool most commonly used to search source. Givendrew is already being used, it can

aptly be augmented with semantic searches. Indeed, this problem has studied by many other

researchers as will become evident in the next chapter.

5.10 Application of the Results

The searching patterns that were identified in this study can also be used when designing
program comprehension tools. The situations presented in Se@ji@articularly the

subsections on Common and Uncommon Searches include examples of searches. A designer
can evaluate her code comprehension tool by applying it to one of these situations and ask
guestions such as: Could the tool provide the information that a software maintainer needs to
perform this task? What are the commands that the maintainer would have to use? How well

does the user interface perform in this situation? Could it be made more efficient? By using a
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number of these situations, the designer can determine the flexibility of the tool. Finally, the
scenarios can also be used to guide the development of experiments with software maintainers

on the utility of the program comprehension tool.

The secondary purpose of this study was to determine the efficacy of our research method.
We were able to obtain responses from respondents in different organizations from around the
world, without the drawbacks of travelling. In many ways, web-based questionnaires are
superior to their paper-based counterparts: the logistics of dealing with paper are eliminated;
the researcher has greater control over the format and administration of the questionnaires;
and the respondent submits the data in electronic form, which removes the need for

transcription.

5.11 Summary

The goal of this study was to identify patterns of searching behaviour in order to construct a
model that could be used in tool design. We found that searching was most important during
defect repair, code reuse, program understanding, feature addition, and impact analysis. This
finding is supported by the ratings of the usefulness of various software maintenance tasks,
and the most common motivations for searching in the anecdotes. The most common search
targets were function definitions, all uses of a function, all uses of a variable, and variable

definitions.

The main suggestions for features in a tool was for greater awareness of the language being
searched and for greater control over the search domain. In other words, participants wanted
a tool that could match more than just characters in very specific locations. Far behind these
two requests were others for the ability to match more than just a single line, fuzzy matching,

exact matching, and searches on functionality.

In the next chapter, a number of searching and source code analysis tools will be examined to

identify the various approaches to solving this problem. In Chapter 7, a design for a search
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tool for PBS is presented. The results of this study will be used to guide design decisions in

the development of a “semantic grep” for use with PBS and Software Landscapes.



