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Abstract— Computing tools are often provided as various in practice, coding-related bookmarking is not so easy for
kinds of software libraries. To enjoy the benefit of the latest a programmer. Commonly used conventional tree-structured
technologies, a user has to continuously learn their usage. During bookmarking seems to be too simple to express semantically
a common practice for programmers. Although a variety of = ¢|agsify web pages from a viewpoint of a specific problem
information can be found on the web, specific information of o 04 This makes the semantic structure more complex. In

interest tends to exist fragmented and scattered on many web . - ) .
pages. Therefore, bookmarking them in a well-organized way other words, the semantic relation and the viewpoint of the

is inevitable for later use. However, manually organizing Problem solved are not necessarily orthogonal.

bookmarks requires extra effort for a user. To overcome the _ .
problem, a semi-automatic bookmark manager for coding related Although more sophisticated bookmarking methods such as

web pages is presented. A prototype system is implemented as a the use of tags, for example [1], (this is equivalent to putting
plug-in of an integrated development environment. The system ONe bookmark into two or more folders) may be able to express
observes bookmarking activity by a user on a web browser, the structure, they often need a cumbersome operation to use
and associates each bookmark with (1) features of the source in practical programming. There is an attempt [2] to integrate
code being edited, and (2) features of the source code editing in Stack Overflow (via [3]) crowd knowledge in the IDE, but
current session. The target language of prototype system is Java. it is desirable that arbitrary web pages can be registered to
User experience of the prototype is presented as preliminary pgokmark.

evaluation.

In this paper, semi-automatic tag-based bookmarking sys-
tem for coding activity is presented. Observing both an IDE
and a web browser, the system extracts features (tags) from the
|. INTRODUCTION source code being edited when a new bookmark is registered.

For programmers, user-contributed contents on the weblNeré are some literatures, for example [4], that attempt to
nalyze programmer’s action on IDE, but still little is known.

such as blogs, are major source of information about codin% '
It is common to use an Integrated Development Environment NUS; the prototype system presented here adopted a simple

(IDE) and a web browser together. The coding and web ref§tatic method. The bookmark is added to the bookmark table

erencing activities are indivisible. There exists various useful? the system together with features. Later, a programmer can
knowledge which is not included in reference manuals. Fofetrieve recommended bookmarks from the tagged bookmarks
example, early adopters of some software library may repof¢Sing another source code as a query.

bugs on the latest version, or senior programmers may post
programming tips for beginners, and so on. The fact that
large number of users continue to contribute a wide variet
of articles at all times, is the source of the strength of thos
articles. As a result, user-contributed contents cover wide ran
of topics as a whole.

Keywords—programming; web bookmark; source code feature

A prototype system has been implemented as a plug-in
IDE eclipse (via [5]). The target language is Java. The
rimary user interface consists of three extra buttetasr{ |,

nd, andsearch ) added to the IDE. The feature used in
%urrent prototype system is identifier (e.g. class name, method
name) which appears in the source code.

The fact, however, is also the cause of drawbacks. Since

such articles tend to be short, unorganized, and possibly in-e Ialtne éhﬁogiﬁasri(s:tl?gééf ,,'ngrogl;icfegué m;“ﬁ'g??&,@ggfgﬁg
correct, almost all of them are not suitable for a programmer’§ y® org y P

specific situation and purpose. Therefore, the programmer hdg°9rammer are reviewed. We believe that most of ordinary

to search and gather useful web pages with effort from hiProgrammers _have the si_milar problem in handling book-
own viewpoint. marks.  Section Il describes a prototype system [6] from

a programmer’s point of view. In Section IV, the model of
As web pages that have been judged valuable are likely tbookmark registration with source code feature and edit feature

be viewed again by the programmer in the future, they shoulis presented, then the mechanism of bookmark retrieval is

be bookmarked to reduce efforts of searching them again. Bugxplained in Section V. There are some implementation issues
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in Section VI. Since the evaluation of the system is still under e "Java” appeared repeatedly and it was obvious that it
way, preliminary user experience and discussion is presented was "programming language.”

in Section VII. Finally, Section VIII concludes this paper. )
e Based on the estimated number of the search results by

tags, he decided the criteria "how detailed tags should
be given.” The number of the bookmarks which he
A. Original Bookmark List can look through easily is 20-30. He thought that the
number of search results should not exceed this.

II. CODING-RELATED BOOKMARKS

We interviewed one nonprofessional programmer and have
analyzed his bookmarks. The purpose is to grasp how the e He wanted to search bookmarks, using an error mes-
bookmark of the Web page seen during coding is classified. sage, a method name, or a class name as a query.
There were 870 programming-related unique bookmarks in the However, it was difficult to realize this manually.
bookmarks added during the period of about two years and
three months .

These were only saved in order of the addition. That is, Il PROTOTYPESYSTEM

there was no subfolder. The programmer explained the reasgq User Interface

as follows. . )
From a programmer’s point of view, the system has two

e Most of these bookmarks were added during codingphases:coding and bookmark addition and bookmark
During coding, he had to be concentrated on thereference
coding activities itself. And he felt it troublesome to

classify bookmarks after coding. Anyway, the book- ~ The primary user interface is three extra buttostsut |
mark was not classified. end, and search ) added to an IDE as shown in the left

_ window of Fig. 1 (buttons are shown together with a lot of
e If bookmarks were arranged in the added order, heyther puttons)Start andend buttons are used in the former
thought that the relevance between bookmarks coulghhase to let the system know when a bookmark session starts

be guessed by the nearness of a time stamp. Howevesng ends. On the other hargkarch button is used to view

manual search became difficult gradually. Since only
the title of the Web page was saved in the bookmark

list, word search was useless. B. Coding and Bookmark Registration
After all, he did not use the bookmark list effectively. This phase is the same with ordinary coding and bookmark-
ing activity except that the programmer explicitly indicates
B. Session Segmetation the semantic sections of editing and bookmarking activities

i ) . using "start " and "end” buttons to the system. The system
It can be considered that the bookmarks with near addition ss;mes a source code is being opened on IDE. A programmer

time are for the same or similar purpose. In this analysisis sypposed to clickstart ~ button before he starts editing
a series of bookmarks added within 3 hours after the lasyith some specific intention. Once it is done, he clieksd
registration were defined as one session. As a result, 8790 ion. Activities betweerstart and end is ,a bookmark

bookmarks were divided into 332 sessions. That is, it iSsession. The granularity of a bookmark session is up to the
assumed that these bookmarks were added for 332 'nd'V'dugkogrammer.
n

purposes. During one session, 2.6 bookmarks were added

the average. The maximum was 24 bookmarks per session.  When a programmer finds some Web pages useful, he
can add bookmarks to the web browser as usual. When

C. Free Tagging Experiment the bookmark session ends, all bookmarks added during the

) i session are associated with features of the source code and
Next, he was asked to give tags freely in order to know howggiting activity during the bookmark session.
the programmer recognizes each bookmark. He was instructed

to give tags completely in order to make it easy to look for  Current implementation of the system requires clicking
a bookmark for himself in the future. He was allowed toend button on completion of one bookmark session even
give two or more tags like "Java / IDE / Eclipse/JDT" to the if there is no bookmark registered during the session. By
single bookmark. As a result, 63 kinds of unique tags weretlicking start  button again, the programmer may start the
used. It means that 2.8 tags are contained on the average riext bookmark session.

one session (this corresponds to one purpose). The maximum

was nine tags per session. Many of relations between tags

were a main classification / "sub classification” types, such a§&. Bookmark Retrieval

"programming language/Scala”, for example. However, there . .
V\F/)ereg some I’g|atiO?lS bgetween the tags Wh?ch lack consistency, When a programmer clicks theearch button with a

,, - ,, de opened on the IDE, the system recommends
For example, although "Java” is programming language, "pro- ource co R =
gramming language” tag is omitted. bookmarks as shown in Fig. 2, if any, based on the code.

Recommended bookmarks are listed together with “Changed
The following comments were obtained from the program-Methods” and “Changed Classes” that represent edit features.
mer through the interview. The model for each phase is detailed in the following.
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f (1) Select A Source File ! (2) Register Bookmarks ...
And Press “start” Button

TR R B R B R B B B o004~ g &4 9 g
3 Tk (3) Press “end”
sieigisis h-¥=sd Button
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s

(2) Edit The
Source Code ...

Fig. 1: Start , end, andsearch buttons on an IDE.

features can be used for bookmark classification.

/& tast - Windows Internet Explorar’

O e tocavstcaose To split a series of programmer’s coding interactions into
J7 M) REE) ERY) BSEADA) Y=LT) ALTH) semantically coherent coding activities, we ask a programmer
FEREAY @t explicitly indicate the beginning and the end of each activity.
BEITHETIT—D We call the period between thebookmark session(regard-

N ) less of whether any bookmark is registered or not during
IR e e e G ) the period). Bookmarks that are registered between them are

TELIAS S get, add, clear, hellgg, hello3. canRs . . . . -
HTMLB ":: associate with the corresponding coding activity.
ol B — G "/

FELFA4oF: get, add,clear, hellod, hellos aRead, (153T8) Fig. 3 illustrates the bookmark registration in coding and

vertical abin — 2L Y M TR 0 L - - :
T Ta— bookmark addition phase. The horizontal right arrow depicts
2oL < g the operation time flow. Interaction and bookmark of a Web

WU XS get, add, clear, hellod, hello, carRead, (154EH)

LR - LS browser (Google Chrome) are shown above the arrow, while

IvaSeripEB ik interaction and stored features of an IDE are shown below.
\ ffﬁ;é;? FileJnayLi;L(lSl@E)""-:: The time period explicitly indicated by a programmer using
e ) o start andend buttons is a bookmark session.

IBI2 5 File, ArrayList, (1542 H)
Sl B - CFREAIETMLOGERE

TavaSeripf 1 B. Source Code Feature and Edit Feature

b To make such classification useful, the followings are
essential: (a) the definition of features, (b) the method to infer
features from a coding activity, (c) the definition of query
types, and (d) the method to get matching bookmarks with
a query.

Fig. 2. Recommended bookmarks (shown on the We
browser).

IV. BOOKMARK REGISTRATION USING FEATURES OF

Since the source code being edited may erroneous, even
CoDE AND CODING ACTIVITY

syntactically incomplete, features should be obtained without
A. Bookmark Session requiring running it. Query should be as simple as possible for

. . a programmer in order not to disturb coding activity.
A programmer usually breaks down their task into seman- prog g Y

tically coherent coding activities. “Coherent” in this context = We first definesource code featurewhich reflects the
means that each activity reflects programmer’s specific editingource code being edited or browsed. The source code feature
intention. If a bookmark can be associated with a codings not directly used when registering a bookmark. Rather, we
activity, and if features of such activity are obtained, thesalefineedit feature as the difference of source code features at
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Fig. 3: The overview of the propsed system (coding and bookmark addition).

the beginning and the end of a bookmark session. We expefl. Registering Bookmarks With Features

the edit feature reflects a programmer’s coding activity. At the end of a bookmark session, bookmarks registered

Inherently, the best way should be determined experimenduring the session are associated with edit feature, and this is
tally. Various methods exist for this purpose. For exampleadded to the bookmark table (Fig. 3).
the system may be track the cursor position or the editing
point which a programmer operates. However, such real-timg. Behavior of The Prototype
tracking may be difficult to realize efficiently, and may also
have a problem of execution performance. Therefore, as a
starting point, we have chosen simplest way for the prototyp&°ntentc

system. 1) The current source code featufg(c,) is recorded.

2) In order to detect the bookmarks added during the
C. Features Used in The Prototype editing, the bookmark list of the time is recorded.
That is, already registered bookmarks are not taken
into account. Such bookmarks are not shown in Fig. 3
for simplicity.

When thestart  button is clicked, with the source code
being opened, the system performs the followings:

Examples of source code feature and edit feature are shown
in Fig. 4.

Source code featurs(c) :
A set of the following names (identifiers of Java program-
ming language) of a Java source file. (1) class names

After that, a programmer may edit the source code. When a
programmer thinks that he completed one semantic section

and method names defined, (2) instanciated class names, afig@n editing, he clicks theend button. Suppose that the

(3) method names used. The occurrence frequency (the numbgPntent of the source code is naw. Activities from start
of appearance in the code) of each name is not used. T roughend is a bookmark session. The system performs the

system statically (syntactically) analyze the code to gathefP!lOWings:
these names. 1) The current source code featufg (c;) is recorded.
Edit featureF (c1, ¢s) : 2) The edit feature Fg(c1,c2) is calculated using
Set difference of the source code features before and after a recordedFs(c1) and Fs(cz). ) .
bookmark session, that is the sum-set of both "the added name” 3)  Let B be a set of bookmarks that are registered during
and "the deleted name” this bookmark session. This set may be empty. The
pair

Fp(cr,c2) = (Fs(er) U Fs(cz)) — (Fs(er) N Fs(cz)) (1) S = (Fg(c1,c2), B) )
where ¢; and ¢, are the content of the source file at the which represents bookmarks tagged with features,
begininng and the end of a bookmark session, respectively. whereS corresponds to a bookmark session, is added
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Source Code

End

class Hello {

Set<String> ts = new

void test() {

Method Call

[. Method Definition ]

Public class Hello{

void test(){
Set<String> hs=new HashSet<String>();
hs.clear(0);
}
}

¥

Source Code Feature

¥

] TreeSet

[ Instanciation
HashSet

[ Method Definition ] test()

(Methodcall | addg

\

] jiee@{ Deleted

[ Instanciation
HashSet

[Method Definition ] test()

[Method Call ] D:(;Zt:j

Y

Difference between Source Code Features = { TreeSet(), clear() }

Fig. 4. Souce code feature and edit feature for the prototype.

to the bookmark table. Currently, the source
features at the time of start and end are not reco

V. BOOKMARK RETRIEVAL USING FEATURES

Whensearch button is clicked, the recommended bt
marks are retrieved using a source code feature, not
feature, as a query. This is a bookmark reference |
Suppose thatv bookmark sessions

Sr=(Fg,, By) (rel,---,N) 3

are stored in the bookmark table, and the current cont
the source code in IDE is. The source code featutBs(c
is compared to all stored edit featur€s,. (r € 1,---, N) tc
find the maximum matcts, = (Fgx, Bx) (k€ 1,---,N)
then it is presented to a programmer through a web br
(Fig. 2). This is illustrated in Fig. 5.

In the current prototype system, the similarity metric
tween featuresnatch is defined as the number of comr
elements as follows:

ma.tCl"(Fl,FQ) = |F1 N FQ‘ (4)
where F; and F, are both features.

VI. |MPLEMENTATION

1
2

Bookmarks Shown |3

Web Browser

Table of Relations between Differfnce And Bookmark

:l
[ ]
-
“search” butto S
-
Source II:II
Code

[]
°
Source Code Feature °

wWN =

Select the Best Match Bookmark Session

Fig. 5: The overview of the propsed system (bookmark search
phase).

is used for the bookmark table. The system reads the bookmark
file of Chrome (via [8]) (web browser) directly from a file

system. The bookmark file is represented in JSON format
(via [9]). For presenting the recommended bookmarks to a

This prototype system is implemented using Java as a pluggrogrammer, the system has a simple HTTP server as a part
in of Eclipse IDE (via [5]). SQLite relational database (via [7]) of the IDE plug-in.
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The source code feature is extracted from the abstract e
syntax tree (AST) which represents the syntactic structure of
a source code. The node of AST recursively represents syntax
elements, such as method declaration or a method call.

In the current system, both the added method names
and the deleted method names are included in the edit
feature. Distinguishing these sets of names might be
informative.

The system uses AST generated by Java Development
Tools (via [10]) (JDT) in eclipse. In JDT, each AST node

is an instance of ASTNode class. By defining the subclass  This paper has presented a semi-automatic tag-based book-
of the ASTVisitor  class, all theASTNode can be scanned marking system for coding activity. A prototype system has
in order (or "visited”). In the subclassjsit ~ methods with  peen implemented as a plug-in of Eclipse IDE. The target
various AST node parameter types can be defined. A desirgelnguage is Java. Used with a web browser, the system offers a
process can be described to the AST node class by which\gay to register and retrieve personal bookmarks of a program-
visit  method is defined. mer. Observing both an IDE and a web browser, the system
extracts features (tags) from the source code being edited when
a new bookmark is registered. The bookmark is added to the
bookmark table in the system together with features. Later, a
programmer can retrieve recommended bookmarks from the

In the prototype system, a source code feature is useghgged bookmarks using another source code as a query.
as a query for bookmark reference, while an edit feature is

recorded on a bookmark addition. In this sense, the system is The problem of inferring programmer’s intention by ob-
asymmetric. serving coding activity is quite difficult. The current prototype

) o system can infer the intention very roughly using simple
This reflects our naive intuition in the early stage of our gefinition of source code feature and edit feature. However,
design. The edit feature is more specific than the source COC@(perience with the system suggested that even such rough

feature. At the time of the addition of a bookmark, the morejntention might be useful for bookmarking. The better features
specific feature is desirable. On the other hand, to refer tgnould be explored.

the bookmark, the more robust feature is desirable. By using o . ) .
source code feature as a query, a programmer can query Another direction of Improvement Is multiuser collabo-
bookmarks even before editing anything, for instance, just aftefation. The prototype system assumes the use of a single

opening a souce file. This of course can be extended to uggogrammer, but the bookmark table may be shared and col-
edit feature as a query. laboratively used by multiple users. For example, collaborative

code reading is a promising situation. Suitable method and

VIII. CONCLUSION AND FUTURE WORK

VII.
A. Edit Feature and Source Code Feature

DIscuUssION

Our experience shows that the definition of current editoffectiveness evaluation should be further explored.

feature seems to be too specific, because only deleted or newly
created methods or classes are recognized as an edit feature.
That is, modifications within the definition of existing method

or class are not taken into account. The better source codéll
feature and edit feature should be explored.

B. When Should Start and End Be Clicked?

Ideally, the bookmark session should reflect a program-
mer’s subjective semantic chunk of an editing activity. Relying [3]
on explicit clicks ofstart and end seems to be working
well to some degree. However, always forcing a programmer[4]
to click these buttons is an extra burden. The means to infer
a bookmark session should be explored. At the same time,
some way to explicitly control the recognition of a bookmark [s]
session should be provided.

(2]

(6]
C. Problems of Current Implementation

The class name and method name used as the source
code feature are not always a fully-qualified name [7]
(FQN) like java.util.String . If IDT provides
FQN, the system uses it. If FQN is not available, a (8
simple name (without qualification) is used. This may
introduce name confusion if the same name is used in!°]
more than one context. For example, if the methods
of the same name are defined in two or more classeé}ol
the system cannot distinguish them to each other.

When extracting a feature, the order or the frequency
of occurrences of a class name or a method name are
not taken into consideration. This could be improved.
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