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ABSTRACT

The ready availabilityof online source code exampldgas
changed the cost structure of programming by examplé mod
fication. Howvever, current search toolsare wholly separate
from editing tools What benefits might be realized byent
graing then? This paper describes the design, impleasent
tion, and evaluation of Blueprint, a tool thategrates Web
search into the Adobe Flex Builder deaeientenvironment.
Blueprint automatically augments ques with code context
presents aexamplecentric view of searchesults and retains

a link between copied code and its sourftkis paperintro-
ducesa technique for retrieving relevant example codg, d
saiptions, and running examples for a userOs quere-A b
tweensubjectsstudyfound that Blueprint enables participants
to search for and selectanple code significantly faster than
with a stadard Web browser. Figure 1. The Blueprint plug-in for the Adobe Flex Builder
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ineerinal: Desian Tools and Techniafiasser interfaces (A) at the programmer’s cursor position. Search results are
gineering]: g q example-centric; each result contains a brief textual description

General terms: Design Human Factors (B), the example code (C), and often a running example (D).
Blueprint also provides additional search suggestions (E).
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development environments provide little support fornexa
INTRODUCTION - p ._ple-centric development. Instead, thégcitly assume that

Programmers routinely face the Obuild or borrowO q”eSt'orgrogramming begingbula rasaand that code is either wri

[1]: should they implement a piece of funoiity from ten by the programmer or imported agheary module.
scratch, or locate and adapt relevant existing code? Web

search is fundamentally chging the cost struare of this Several difficulties arise from separate tools fotiadiand
question[2]. It is now possible to quickly locatexample sear_ch. First, ;he important link betweenrrbaved co_de
code that implements nearly any piece of routine fungtio ~ @nd its source is lost. The programmer may not realize the
ity [3]. This enables programmers to opportunistically build ¢0de was borrowed from an online source; this can he val
applications by searching for, modifying, andmbining able when debugging or modifying code. If they do know it

short blocks of example code taken from the \Me8]. was borrowed, but not the URL, they may have difficulty
re-finding it if they wouldlike to verify attributes or view

additional code and commentary. Second, if the source
example is later updated..to fix a bug), the programmer
will never know. Finally, to obtain relevant search results,
programmers must manually specify contextuahstraints

in their query, such as languages and faorks used.

In 1993, Nardi suggested that Oprogramming xamele
modificationO holds significant latent value. An opersque
tion at the time was Ohow users will find appropriatenexa
ple code; for any practical application of example madalific
tion, many libraries of example code will have to be lavai
able and the imfrmation access problems will be signif ) o o )
cant.(J7]. Sixteen years latefinding appropriate code has We hypothesu_e that there is significant valu_(nT in mteg_ratmg
become easier: there are many Web sites dedicatedrtn exa Yeb search with a code editor. More specifically, thds p
ple sharing €.g.the Flex Examples Blofg]), online open per poposes thatautomat_lcally augmenting queries with
source code repiiories €.g.Google Codd9]), and search code caotext {:nd presenting arexamplgcentrlc view of
interfaces for prgrammerq10, 11] However, thesasearch search _resultsncreases the s_p_eed_, quality, _and ease®f pr
tools are still wholly separate frorediting tools Current ~ 9ramming by example modification. We introduBéue-



print, an extension to the Adobe Flex Builder deypeent
envronment that manifests these ideas (seeiféi 1). This
paper makes two contributions.

display feedbackwhile the data is beingetrieved; and
visualizethe data.

First, JennyOs program needs to retriestomerspecific

First, it introduces a user interface that integrates searchingand average powersage data. The company already has a

for example code into a development environment. This
search interface presents blocks of example codg; au
mented withrunning examplesand written descriptions
when available (see Figure 1). In a betwsabjects cm-
parison with 20 participants, we found that Blueprint e
ables participants to search for and select example codéd
significantly faster than with a standard Web browser.

Second, this papeintroduces a technique for retrieving
relevant example code from the Web forsar®s query. To
maximize speed, breadth, and ranking quality, the Blueprint
server leverages a genepalrpose search engine. Example
code, descriptions, and running exampées then aut
matically extracted using a series ofifistic classifiers. By
caching the results of this extraction, we are able to respong
to userOs queries at interactive rates.

Brandt and colleagues found that programmers used the
Web with a range ohientiong[3]. On one end of the spe
trum, progranmers used the web fgustin-time learning

of skills, such as a new language or programmin@g-par
digm. On the other end of the intention spectrumo- pr
grammers used the Web for highlyrectedreminders In
these cases, programmers knexactly what code needed

to be written but chose to search for and copy examples tg
avoid typing. In between these two extremes, Brandt et al.
observed programmers usingethliveb toclarify existing
knowledge. For example, Web search served as a @transl
torO when programmers didnOt know the name ofca fun
tion. Other times, programmers knew that there werk mu
tiple approaches to a task, and used Web search to quickly
enumeratgossibilties.

Blueprint is primarily designed to supporéminder and
clarification tasks. In these tasks, the source code is both
the most useful representation when evaluating possible
results and the infonation that the user desires.

The remainder ofhis paper proceeds as follows. First, to
motivate BlueprintOs interface choices, we offerkbac
ground infeamation on how programmers use the Web to
inform our design. We then present a scenario enabled by
Blueprint, and describe its implemetion and evhiation.
Next, we offer a discussion of thesign space of tools to
support programmer Web use, and position Blueprint
within this space to better understand its strengths and lim
tations. We close with a survey of related work and
thoughts on future reaech directions.

SCENARIO: DEVELOPING WITH BLUEPRINT

Jenny is a web programmer at a power utility that is about
to launch a campaign encouraging iinduals to lower
their power consumption. She is prototyping a wapplica-

tion for customers to compare theaily powerconsunp-

tion to average levels. Her functional miype should:
load user datafrom a server into the client appton;

Web service that returns XMlormatted power usage data
for a given catomer. Jenny has written code to fetch data
from the Web before, and isgable of constructing the ce
essary coel. Hovever, she thinks it will be faster to find and
copy an example than to rewrite the code from scratch. She
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Figure 2. Example-centric programming with Blueprint. To
initiate blueprint, the user press a hotkey to initiate a search;
a search box appears at the cursor location (1). Searches
are performed interactively as the user types; example code
and running examples (when present) are shown
immediately (2). The user browses examples with the
keyboard or mouse, and presses Enter to paste an example
into his project (3). Blueprint automatically adds a comment
containing metadata that links the example to its source (4).



presses a hotkey tonvioke the Blueprint search dialog; a forwarding them to the Bleprint server. Third, it notifies
search box appears next to her cufsee Figure 2, gpel). the user when the Web origin of examples they adapted has
This interface extendsut-completion tebniques[12] to updated €.g, when a bug is fixed).

presents entire blocks ekample code as resultstiead of User Interface

variable and method names. She typBs.Loader the name  \ch of Blueprint®s interface is irapiented using HTML

of the main class associated with this task. Blueprint knows,++ is rendered by SWT Browser \gits. Cenmunication

the language and fraework version she is using, and returns with the Blueprint server occurs over HTTP using the
appropriate examplefstep 2) These rests are presented 350N data formafil5]. Creating the interface with HTML
below the search box. She flips through the first fewnexa ¢ .jjitated rapid iteration; JSONOs broad ctasguage

ples(step 3)and sees one thateates an XML object out of 5561t facilitates implementing different cooments in
the data that is returned. She predsSeter, and the code is  jitterent languages.

pasted in her proje¢step 4) Along with the code, Bluemt N ) )

adds a special machinand humasreadable comment that 10 facilitate learning, Blueprinemploys the same syntax
records the URL of the source and the date of copy. Everyhighlighing and navigational mechanisms as the derelo
time Jenny opens this source file in the future, Blueprint will MeNt environment and existing autocomplete toblsers
check this URL to see if the original example has changedc@n navigate through examples using the Tab key and
(e.g.,if a bugis fixed), and will notify her when it does. She COPY/paste the selected example by pressing enter.

runs her code in FlexOs debugger to confirm the XML hasaugmenting Queries

loaded and tanspect its format. The Blueprint client augmentser queries with contextual

Next, she wants to change the userOs mouse cursor to 1gformation to increase the result_s() relevancy. Thg current
busy cursor while the data is being loaded. She does noPrototype augments the query with the programming la
know the exact name of the relevant classes or methodsduage name and version (here, OFlex 30). In future work, it
involved, so autocomplete is no help. She places her cursoivould be interesting to explore the benefits of adeidd-
inside the function that initiates the data request and | tional contextual informatione(g. the types of local var
vokes Blueprint. This time, she searches for Obuspd.  @bles currently in scope.) Holmes and colleagues heve e
She looks over the code the first example returned, and plored th_'S idea in the conte_xt_of retrieving _example code
sees the line OCursorManager.setBusyCursor().0 eshe sffom a fixed repasory [16]; it is not immediately clear
lects this line and press&ster to paste it into her pject. how this would genlize to Web search.

Now, knowing thatCursorManageris the relevant class, When a user pastes example code into their projecg-Blu
sheOs able to use the standard autocomplete tootedhe print inserts acomment at its beginnind® much like a

line of code necssary to restore the cursor at the end of the Javadoc commenil7]. This comment tags thexample

data transfer. code with theURL it was taken from, theate and timet

Finally, Jenny wants to explore different charting comp ~ Was inserted, and @nique numerical identifierThis mea-
nents to display the data. She invokesepfint a third time ~ data is both human and machireadable, so users can for
and searches for Ocharting®. Jenny docks theridtuep example returrio the URL. Also, embedding the ragata
sult window as a panel in her development environment soin the source file simplifies file managent. Blueprint
she can browse the results in a largesiséent view. When ~ Searches for these emple comments each time a file is
source pages provide a running ewée, Blueprint presents ~ OPened. For each menent, it queries the Blueprint server
this example next to the source code. After browsing and© find out if the orignal example has beemodified since
refining her sarch, she settles on a line chart. She copies it Was copied.

the example code from the Bjorint panel into her project  Bjueprint Server

and modifies it to bind the chart to the XML data. Hes-pr  The Blueprint server responds to queries for example code.

totype is now complete. To maximize speed, breadth, and ranking quality, the
IMPLEMENTATION server leverages a genepalrpose search engine. Blueprint
BlueprintOs implementation comprises two partsclibgt- uses the Adobe Community Help sefarAPls, a Google
side plugin, which provides the user interface for séarc ~ S€arch appliance. This appliance indexes -Bfgacific ca-
ing and browsing results, and tBéueprint server which ~ tent from across the Web. When Blueprietaives a query,
executes the searches for example code. it hands the query off to this search engine, which returns a
set of URLs. The challenge of thipmoach is that standér
Client -Side Plug -In _ _ search engines return URLs jpéges yet Blueprints goal
The Blueprint client is a plug for Adobe Flex Builder s to returnexamples For each URL, Blueprint retrieves the
[13]. Flex Builder, in turn, is a plutn for the Eclipse B- corresporing page, parses it, and extracts sowode

velopment Environmerf4]. The Blweprint cliert provides  examples. In order for the Blueprint server to be raspo
three main pieces of fetionality. First, it provides a user  gjye, processing andainsforming the results from the-u
interface for initiating searches and displaying results: Se  gerlying search engine cannot incur significant latency. To

ond, it augments usersO queries with cxdlmséinformatio” improve esponse time, the server caches page contents and
(e.g.programming language and framework version) before parsing results.



The final step of a query is for the server to return a set oftypo will cause parsing to fail. The alternate approach is
examples to the requey client. Each xxample comprises  heuristicbased classifiers that look for a higtcarrence of
unformatted and syntaxghlighted versions of the code, a features unique to code, such as curly braces, frequent use
description of the code, the URL that the code comes from,of language keywords, and lines that end with semions

and, when possible, the URL of a running example of the[11]. This approach has many fewer false negatives, but

code. Blueprint produces the syrdasighlighted version s- includes more false positives, such as text that discusses
ing Pygment$18], which outputs modddased markup. The  code. Blueprint uses a heurisbased pproach because, in
client transforms thisnarkup into styled code using CSS. this domain, false positives (spurious results) are strongly

Extracting example code, descriptions, and running examples preferable to false negatives (missireguits).

To facilitate locating and extracting source code from Web The next step is to extract descriptions and, where possible,
pages, Blueprint first ggnents the page. Then, Blueprint running examples for each code segment. Informal sispe
classifies each segment as being sourake ar not. This tion of pages containing example code revealed twe pa
offline processing takes the current Blueprint prototype terns: the text immediately preceding example almost
about 10 seconds per page. always described the example, and running examples a

Since HTML documents often contairrars g.g, missing ~ MoSt always occurred after the example code.

tags or extraneous quotes), Blueprint first $farms them To build descriptions, Blueprint iteratively joins thegse
into proper XHTML documents so that wean leverage ments immediately preceding the code until any of three
their structure in the segmentation process. We preprocessonditions is met: 1.) weneounter another code segment,
the HTML file with the BeautifulSoupitbrary [19], which 2.) we encounter a segment iralice of a break in content
geneates valid XHTML output for any input. (those generated byiv, HR, or heading tags), or 3.) we

Next, Blueprint divides the resulting hierarchical XHTML réach alength thréeld (currently 250 words).

documentinto independent segments by examining block To find running examples, Blueprint analyzes theegy-
level elements. Blueprint uses 31 tags to define blocks; thements following a code example. Because we ara-co
most common arep, H1, DIV, and PRE We also rtract cerned with Flex, all examples occur as Flash SWF files.
SCRIPT and OBJECT blocks as bloclevel elements, because We search for references to SWF files aBJECT and
running examples are usuallyntained within these tags. To  SCRIPT tags. In practice, we have foulke3 works best;
find blocklevel elements, Blueprint traverses the document larger values resulted in erroneous contenthsas Flash
depthfirst. When we reach a leaf element, welback to based advertenents.

the nearest containing blotével element and eate a sg- Caching and pre -populating the example database

ment. I the root of the tree is reached before figdd ) eprint caches the extraction results so that examples can
block-level eement, the element immediately before the root e retyrned immediately. Without caching, search response
is extracted as a gment. This algorithm keeps g®ents  ime would be bounded by the amount of time required to
ordered exactly as they were in the originaloent. retrieve the resulting Web pages. URLs returned by the
Third, Blueprint strips each segment of the majority of its underlying search engine that are not in our cachegare i
formatting so thatve can reliably determine whether or not nored for that query. They are then added to the cache by a
it contains example code. Although formatting, such as badground process so they can be used in future queries.
SPAN elements for syntax highlighting, helps with thg-se A future version of Bluepnt could return these to users
mentation process, it complicates soucoele recognition. asynchronously.

For readability, Blueprint preserves thegamal line breaks. 14 make Blueprint usable initially, we ppopulated the
To strip formatting while retaining line breaks, we OrenderOu5cne with approximately 50,000 URLs obtained from
each sgment to plain text using w3m, a teised web  geqrch engine query logs. To keep the cache currerg; Blu
browser[20]. Blueprint stores the HTML and plain text print crawls the URLs in the cache as akground pre-

versions of all segments in a daase. On average, @ Web oqq since pages mtaining examples are relatively static,
page in our dataset contains 161 segments. Howe_ver, _690/Phe Blueprint prototype rerawls them weekly.

of these are less than BBaracters long (these are primarily

created by navigational elements). This possible -over Keeping track of changes to examples _

segmenting is not a problem as long as blocks of exampIeEaCh time a page is cra_lwled, Blueprint checks for updates to
code are being crectly parsed into single segments. the examplese(g, bug fixes). It compares old améw e-

amples using théiff tool. Because pages typicallyntain
We now have clean, separate segments that are ready f o er than ten examples, Bluepricomparesall pairs of

classification. There are two main approaches for chassif examples on the new page andmples on the old pagt

ing a segment as code or not_. The first is to parse eact}he examples match exactipey are deemed the santiea
segment with the languages of inter&#gments that parse ., example has more than tiiirds of its lines in co-
correctly are considered code. For Blueprint, this would be ., \with an old example, it iggorded as changed. Othe
ActionScript and MKML, the two languages used by \ise the new example is deemed new. The database stores

Adobe Flex. In practice, this approach yields many false o4, example with a timestamp, and keeps allipuewe-
negatives. For example, code with line numbers or a single



sions. Storing exampmewith timestamps facihtes Ble- Method

printOs ability to track changes and to return ediaes of an Twenty professional programmers (16 men, 4 women) pa
example so that a user can see what has changed. ticipated in this study. We recruited them through anriate
EVALUATION company mailing list and compensated them with a $15 gift

We conducted a laboratory study to better understand hc)Wcard in exchange. Participants had an average of 11.3 years

Blueprint affects the examplgentric cevelopment process. 0:; aprrc(;l;es(s)lorr;i:erz?nerlir)w(ceérli:eonucrée\tlavriwthr('a:pl)g;t.ett\jlvgzl;ezstotr)tgi
This study evaluated three hypotheses: y pog g &p ' P

spending at least 25 hours a weedgpamming in Flex.
H1: Programmers using Blueprint will complete directed

tasks more quickly than those who do not because they will
find example code faster and bring it into their project
sooner.

Partidpants were given an ethe-shelf installation of Flex
Builder, preloaded with three project files. Participants in
the control condition were provided with the dfax Web
browser; they were asked to use the Adobe Community
H2: Code producedy programmers using Blueprint will  Help Search mgine to look forexample code. Participants
have the same quality as code written by example frodif in the treatment corition were provided with Blueprint to

cation using traditional means. search for code samplethey were not Howed to usea
H3: Programmers who use Bluepriptoduce better @  Web browser
signs on an exploratory design task than thasega web Participants were asked to completéutorial, a directed
browser for code search task and anexploratory task Participants were told that
they would be timed and that they should approach all tasks
Directed Task Completion Time as though they are prototyping and notting production

level code Participants began each taskh a project file
that included a runningpalication, andthey were asked to
addadditionalfunctionality.

For the tutorial task, thesample application contained an
Il blueprint HTML browsing component and three buttons that inav
[ control gate thebrowserto three differenWeb sites Participants
received a written tutorial that guided them throaglding
fade effects to the buttons and adding a busy culsdhe
control condition, the partipants were asked to use the
web browser to find sample code for both modifications.
The tutorial described which search result would be best to
follow and which lines of code to add to the sample iappl
. cation. In the tratment condition, the pcipants were
asked to use Blueprint to find code samples.

DNF . . ..
DNF For thedirected programmingask, the participants were

DNF instructed to use theRLLoaderclass to retrieve text from

a URL and place it in a text box. They were told that they
shouldcomplete the tasksaquickly as possible. In addition,
the participants were told that the person tmplete the
task fastest would receive an #itthal gift card as a prize.
Participants were given 10 minutes to complete this task.

T T T
0 300 600

time (seconds)

Directed Task Code Quality
EOEEEEEEEOCOOO0OO0OREO0O0 For the exploratory programminga, participants were

best wors instructed to use Flex Charting Components to Vizean
array ofprovideddata The paticipants were instructed to
make the possible best visirtion. They were told that

Exploratory Task Chart Quality theresultswould be judged by an external designer and the
BERECOORBROROEBRRCOORCOOROON best visialization would win an extra gift car@articipants

best wors were given 15 minutes to oplete this task.

Figure 3. Results from the study. The top graph shows To Cc_mCIUde the Stu_dy, we aske(_jl the participants a few
each participant’s completion time on the directed task. questions about their expence with the browsing and
Time of first paste is shown as a tick mark; participants who searching interface.

used Blueprint are shown in black. The two bottom graphs
show ranking of participant’s code quality (directed task)
and chart quality (exploratory task), respectively. Again,
participants who used Blueprint are shown in black.

Results

Directed Task

Nine out of tenBlueprint participants and eight out of ten
control participants completed the directed taBkcause



not all participats completed the task amdmpletion time
may not be normally distvuted, wereport all significance
tests usingrankbased nofparametric stistical methods
(Wilcoxon-Mann-Whitney test for rank sum difference and
Spearman rank coriaion).

We rankedlte participants by the time until they pasted the
first example See Figure 3.

Participants using Blueprint pasted code for the first time
after an average of 57 secondsisus 121 seconds for the
control group.The rankorde difference in time to first
paste was ghificant(p < 0.01).

Among finishers, those using BlueprinniBhed after an
average of 346&econds, compared to 479 seconds for the
control. The rankorder differencefor all participantsin
task completion timevas not significant (p=0.14). Partic-
pantsO firgtaste time correlates strongly with task coeapl
tion time ¢s=0.52,p=0.01). This suggests that lowering the

time required to search for, selecting and copying examples

will speed @velopment.
A professional software engineer external to thejgut

ample the type of page Hat the result was taken from
(blog, tutorial, API documentation, etc.), atite presence
of comments in the example.

Three participants requested greater integration between
Blueprint and other sources of data. For example, one pa
ticipant suggestechat all class names appearing in rexa
ples be linked to their API page.

Finally, three participants requested maintaining a search
history, one also suggested a browseable and searchable
history of examples used.

Discussion

In addition to the participantsO explicit suggestions, we
identified a number of shortcomings as we observed pa
ticipants working.

It is currently difficult to compare multiple examples using
Blueprint. Typically, only one example fits on the screen at
a time. To show more examples simultaneously, one could
use codecollapsing techniques to reduce eachnapleOs
length. Additionally, Bluerint could show all runningxe
amples from a result set in parallel. Finally, visual diffe

rankordered the participantsO code. He judged quality byencing tools might help usersropare two examples.

whether the code met the specifications, whethemn-t i
cluded error handling, whether it contained extraneous
statements, and overall stylRarticipantsusing Blueprint
produced signifiantly higherrated code p=0.02). We
hypothesize this is because the exanrgastric result view

in Blueprint makes it more likely that users will choose a
good example to start from. When searching for
QJRLLoade® using the Adobe Community Hedparch
engine the first result contains tHeest codeHowever this
resultOsnippethad poor scent. For thisason,we spea-
late thatsome controparticipantsoverlookedit in favor of

a result with better scent

Exploratory Task

A professional designerankordered the partidpant
charts To judge chart quality, he considered the appropr
ateness of chart type, whether or not all data was lvisua

We assumed that users would only invokedBhint once

per task. Thus, each time Blueprint is invoked, the &earc
box and result area would be empty. Instead, we observed
that users invoked Blueprint migte times for a single task
(e.g.when a task required several blocks of code to pe co
ied to disparate locations). Results should bsigtnt, but

it should beeasier to clear the search box: when re
invoking Blueprint, the terms should be felected so that
typing replaces them.

Finally, we noticed that some participants had difficulty
locating specific lines they were looking for within exa
ples. Two interfae changes could improve this process:
First, search terms should be highlighted within the results.
Second, users should be able to sewiithin the result set.

DESIGN SPACE

ized, and aesthetics of the chart. The sum of ranks wasrlhis setion discusses the important decisions made in

smalker for participants using Blueprint (94 vs. 116), but
this result was nosignificant ©=0.21). While a larger
study may have found significance with the current ewnpl
mentation of Blueprint, we believe improvements toe3lu
printOs interface ¢dcribed below) would make Biprint
much more useful in exploratory tasks.

Suggestions for Improvement

When asked OHow likely would you be to install and use
Blueprint in its current form?0 part|0|pants responses ave
aged 5.1 on a-point Likert scale (& Onot at all likelyO, 7

Blueprint® design, and positions them in a space of altern
tive designs (see Figure 4Rositiming Blueprint within
this space helps structure a discussion of BlueprintOa-limit
tions and suggests fttul areas for future work.

Task: Blueprint is expressly desigdeo facilitate impé-
menting new functionalityProgramming involves many
tasks: planning and design, implementation, and testing and
debugging For manyother taskl e. .g.decipheringa cryp-

tic error messageuring debugginly it might make more
sense to initiate searches from the prodgbanoutputin

= Oextremely likelyO). Participants also provided severalsuch situationsa codecentric view of results might hide

suggetions for improvement.

The most common requesivere for greater control over
result ranking Two users suggested that they shouéd b
able to rate (and thus affect the ranking araples. Three

important infornation.

Knowledge Blueprint presents a codmntric viev of re-
sults, so programmers must be knéedgeable about the
tools (i.e. languages and frameworks used in the example)

users expressed interest in being able to filter results onto interpret the resultsFor any given task, programmers

certain propertiesuch asvhetherresult has a runningxe

have a ceain amount of knowledge about both the tools
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Scope . hours dayl5
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Figure 4 . Design space of tools to aid programmers’ Web
use. Blueprint is designed to address the portion of the
space shown with a shaded background.

they are usingd.g. languages andbraries), and the task
itself (e.g.implementing a piece of functiokity).

Scope We designed Bleprint to make small tasks faster.
BlueprintOs primary interaction behaves similarly to-auto
completion[12] to make mserting small blocks of code
more efficient. The tnasient nature oftiis interface make

it impractical for larger tasks. Blueprint does supportkdoc
ing of results as a persistent panel. However, thiglpa
lacks the richnavigetional features present in modern Web
browsers, €.g.tabs, history, bookmarking, and ding tex
within a page) This may be useful in aopleting larger
tasks.

Approach: Currently, Blueprint works best for directed
tasks. There are two reasons for this: First, Bluepsintires
users to search, rather than browssertl must have a ne
crete notionof what they want to do in order torstruct a
query. Second, Blueprint currentlyrtains little support for
comparing results, a crucial part of exploratory tagks.
times, programmers know exactly what they want toAdo.
others, they are interested exploring a wide range of o
sibilities. Providing better support for compson and
evaluation is an important direction for future work.

Separability: Because Blueprint inserts example codle d
rectly into the userOs project, ibyides the most benief
when example code requires little mad#tion. As such, it
is most useful for tasks that are largehgépendent from
other pieces of the projediVhena piece of code is deeply
intertwined with the larger context it is embeddedtimay
be easier t@reate the new instance whilefering to the
examplerather than copying.it

The approactBlueprint introducesleadsto broaderques-
tions about exampleentric development.

Is enough example code available online?

It seems to €pend on both language drask.The most
popular web programming languages have rich onlae r
sources This is likely due to the background of thento

Languages that provide a comprehensive standard library
(e.g, Python and Java) sedamhave more codenline than
those that do noe(g, C). This is perhaps because it isea

ier to write small blocks of code that implement fidwial
functionality without requiring external libraries. The high
cost of installing and linking external libtes may often
outweigh the benefits assated with co-opting examples
that use them.

Finally, common functionality is more likely to be alsai
able online than rare functionality.

Is the context of an example important?

Blueprint extracts example code from Web pages aed pr
sents it to the user outside of its originahteat. There are
tradeoffs associated with this decision. On the one hand,
presenting all results using a consistent interface may speed
up understanding21]. On the other hand, programmers
sometimes use pageOsighlevel visual fetures €.g.
whether a page contains advertisements) to make initial
judgments about the quality of example cd@. Pro-
grammers most commonly use surface fezuabout the
codeOs context when they have difficulty evaluating the
code quality itself3], e.g.when selecting a tutorial to learn
about a new language oragramming paadigm This is
consistent with general wiwe/expert distinctions[22].
Blueprint is designed primarily for situations where the
programmer has enough kn@gdge about the tools he is
using to evaluate the code itself.

RELATED WORK

This researchis inspired by priowork on tailaing Web
search interfaces, and providing support for nepia-
centric development.

Tailoring Web Search for Specific Tasks

Prior work has explorelow programmers search the Web
[3, 11] and ta@loring Web search to their neefi-11, 23,

24]. When building Assieme, a search engine ralpp-
grammers, Hoffmann and colleagues recognized therimpo
tant role that sample code plays in helping a developer s
lect between APIg11]. AssiemeQOs search result vidw a
lows the user to view example code for any API by hove
ing his mouse over individual results. Blueprintrigss this
idea further by making example code the primary feature of
the result set. Blueprint also builds on AssiemeOs method of
extracting example code from Web pages by using seuri
tic-based classifiers

BlueprintOs approach of leveraging an existingnoercial
search engine to produce a candidate result set ham-a nu
ber of advantages over building a complete search engine
from scratch €.9.[3, 11]). First, it is substantially more
resourceefficient to implement. Keeping a document-co
lection up to date is expensive, and this is handled-aut
matically in our approach. Second, it is an undesstant

to say that generating higiuality searchresults from nat-
ral-language queries is a hard problem. It may be unneaso
able to assume that, even with a restricted search domain,

munity wsing these languages: it is natural for them to put e can do a better job than commercial search engines.

code on the web.



Finally, using a generglurpose search engine to provide

ples extracted from large sourcedeaepositories.

alternative representations for Web search re$lts 25

pages called Ocard§l]. By defning a set of relations
between Web page elementslaiements on the cards-u

using a consistent int@ce. Blueprint works similarly:

tentinterface for faster browsing and selection.

Example -Centric Development

Prior work hascreatedtools to assist with examplgentric
developmen{30]. This work has addressélde availablity
of example codeproblem by mining code repositorifl]
or synthesizing example code from API specificatif3%.
Blueprint is uniquein that it uses regular Web pagesg(
forums, blogs, and tutorials) as sources f@ameple code.

two major benefits: First, it may prale better examples.
Code written for a tutorial is likely to contain bettemco
ments and be more generalrpose than code extracted

into the development environmetitelps programmersca
data hasthe direct consequence that most examples arequire and adapt online resources more effityen

taken from tutorials, blogs, and API pages. We believe this 5, important avenue for future work is to improtiee
my be beneficial because these examples are more likely tQy,qgification of example codeCopied code canintroduce

be written in a way that is easy to understand thamexa bugs when programmers assume thatrgae code works
and forget to adagiortions ofthe exampleBlueprint users
More broadly, there has been recent interest in providingwould benefit from richrefactoring support for pasted
code. This would help users change variable namesszonsi
29]. Dontcheva and colleagues® work on search templatetently and reduce the number of errors. It might beatsle
introducedthe idea of creating customized views of Web to rethink the characteat-a-time editing paradigm entirely.

Would it be more eftient to navigate pasted @@ token

at a time? Perhaps arrow keys should move the usarOs cu
ers can then view a diverse collection of Web search resultssor between tokens, and typing over top of an existinrg t
ken should automatically replace all occurrences of that
common elements (code examples) from diverse Webtoken within the pastedgion.

pages are automatically extracted and presented in &s€onsi \yhije examplecentric development is commothere is

little aggregated knowledge about how users adapnhexa
ples If Blueprint could show users how code has been
changed in the past, perhaps theyOll make fewer errors. For
example, if all ten previous users changedterdi, it is
highly likely thatthe eleventh user should change this i
eral as well.The wisdom of the crowdsiay enable signif

cant advances in online programming tools
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