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ABSTRACT

The principle of information hiding has been venfliential in
software engineering since its inception in 197BisTprinciple
prescribes that software modules hide implementatietails
from other modules in order to decrease their dependencies.
This separation also decreases the dependency asufitvgare
developers implementing modules, thus simplifyiogne aspects
of collaboration. A common instantiation of thigrmiple is in the
form of application programming interfaces (APIsWe
performed a qualitative study on how practitionase APIs in
their daily work. Although particularly interestéd aspects of
collaboration, we report all findings about thefiserved use. The
findings include mundane observations that are igred by
theory, ways that APIs support collaborative sofava
development. But the findings also include somprses, ways
that APIs hinder collaboration. The surprises iaticdirections
for further improvement of collaborative softwarevelopment
practices and tools.

Categories and Subject Descriptors
D.2.9 [Managemeni: D.2.11 [Software Architectures]: H.4.1

[Office Automation]: Groupware; H.5.3 Group and
Organization Interfaces]: Computer-supported cooperative
work;

General Terms
Human Factors

Keywords
Empirical software engineering, qualitative studiésterfaces,
application programming interfaces.

1. INTRODUCTION

It has been long recognized that breakdowns in comization
and coordination efforts constitute a major probleim
collaborative software development [7]. One of teasons is the

Permission to make digital or hard copies of alpart of this work for
personal or classroom use is granted without feeiged that copies are
not made or distributed for profit or commercialadtage and that copies
bear this notice and the full citation on the fipage. To copy otherwise, or
republish, to post on servers or to redistributists, requires prior specific
permission and/or a fee.

SIGSOFT'04/FSE-1Dct. 31-Nov. 6, 2004, Newport Beach, CA, USA.
Copyright 2004 ACM 1-58113-855-5/04/0010...$5.00.

“University of California,

Department of Informatics

Li-Te Cheng® David Millen® John Patterson®
%|BM T. J. Watson Research Center
Collaborative User Experience Group
Cambridge, MA, USA
1-617-577-8500

{li-te_cheng, david_r_millen,
john_patterson}@us.ibm.com

large number of interdependencies among activifiesthe
software development process, among different soéhvartifacts,
and finally, within different parts of the same ifadt. To
overcome this problem, the field of software engmeg has
developed tools, approaches, and principles to dsah

interdependencies. Configuration management ang-gacking
systems are examples of such tools, while the amopof

software development processes ([2, 31], and [@&)mplifies an
organizational approach [8, 9]. One of the mostadrtgnt and
influential examples principles used to manage dédescies is
the idea of information hiding proposed by Parn&s3].[
According to this principle, software modules slibdle both
“open (for extension and adaptation) and closed dtwid

modifications that affect clients)” [27]. Informati hiding aims to
decrease the dependency (or coupling) between tadul®es so
that changes to one do not impact the other. Thisciple is

instantiated as several different mechanisms ingnaraming
languages that provide flexibility and protectiaori changes,
including, data encapsulation, interfaces, and mpolphism [27].
In particular, separating interface specificatiofem their
implementation is a growing trend in software desig4].

Furthermore, interface specifications are belieteete helpful in
the coordination of developers working with diffeteomponents
[17]:

“(...) interface specifications play theell-knownrole
of helping to coordinate the work between developér
different components. If the designers of two
components agree on the interface, then desigmeof t
internals of each component can go forward reldyive
independently. Designers of component A need not
know much about the design decisions made about
component B, so long as both sides honor their-well
specified commitments about how the two will hook
together.”[emphasis added]

APIs (application programming interfaces) are a iwmm way of
hiding component specification and implementatietads from
users of those components (e.g. see [10]). Theycamemonly
used in the industry to divide software developmevurk,
including distributed software development, and are widely
regarded as “the only scalable way to build systéhms semi-
independent components” [17].

This paper describes an empirical study that wéopaed on
how practitioners use APIs in their daily work. #dugh
particularly interested in aspects of collaboratiore report all
findings about their observed use. The findingsgearfrom



mundane observations that are predicted by themigutprising
observations. As predicted by theory, APIs servec@stracts
among stakeholders, reifications of organizatiomaundaries,
and asa common language among software develogarshese
ways, APIs support developers collaborating on anrmon
project yet allow them to work independently in l&mn.
However, there is a surprising side effect we olbesrthat the
isolation hinders some forms of collaboration, jgatarly among
members of different teams. Therefore, we think moteworthy
to know that API's do not only have beneficial posps.

The rest of the paper is organized as follows. Mmagt section
reviews concepts surrounding APIs and explaing tdption by
industry. After that, section 3 presents the redeaite studied
and methods that we used in our study. Then, Sedtidescribes

normally supported by the constructs of programniamgguages.
Typically, in a programming language such as Jama,API

corresponds to a set of public methods of clasadsiraterfaces,
and the associated documentation (in this cased@@vfiles). In
the rest of the text, we will use the terms compbnmodule and
software applications indistinctly, since they dat mhange the
purpose of using APIs.

The word interface in the abbreviation is used to explicitly
indicate that APIs are constructs that exist inlihendaries of at
least two different software applications or comgmis. These
two (or more) applications are often developed iffgiknt teams,
and hardly ever individuals. An example of a weiblvn API is
the Microsoft Windows API that allows a programatccess and
use resources of the underlying operating systean ss file

how the organization and teams we observed go aboutsystem, scheduling of processes, and so on.

developing, using, and maintaining APIs. Sectioddscribes the
multiple roles played by APIs in a collaborative fta@re

development process. Section 7 and 8 respectivisiyuss the
data collected and the implications of our findingshe design of
CSCW tools. Finally, conclusions and ideas for fetwork are
presented.

2. APPLICATION PROGRAMMING
INTERFACES

In order to understand the concept of applicatioogmamming
interfaces, we need to understand a couple of itapbsoftware
engineering principles first. Separation of coneeffior example,
is one the most important principles in softwargieeering that
allow one to deal with different individual aspeacfsa problem,
so that it is possible to concentrate on each séggr When
different parts of the same system are dealt sepprave are
talking about a type of separation of concerns mamedularity
[16]. Modules should be designed according to tifermation
hiding principle proposed by Parnas [33]. Accorditg this
principle, software modules should be both “opew @xtension
and adaptation) and closed (to avoid modificatitimst affect
clients)” [27]. This principle is instantiated inrggramming
languages as several different mechanisms such aa d
encapsulation, interface specifications, and polyhism [27].
An application programming interface (API) is defih by the
Software Engineering Institute as:

Application Programming Interface (API) is an older
technology that facilitates exchanging messagetata
between two or more different software applicatiokBl is
the virtual interface between two interworking safte
functions, such as a word processor and a spreashe
An APl is the software that is used to supportesystevel
integration of multiple commercial-off-the-shel{QTS)
software products or newly-developed software into
existing or new applicationd].

Although the definition above presents APIs asrfates between
software applications, among professional softveargineers the
term API is coming to mean any well-defined intedathat
defines the service that one component, modulegpptication
provides to others software elements. Thereforeywleadopt a
more loose definition of an API as proposed by Regeres [10]:
an API is a well-defined interface that allows oseftware
component to access programmatically another coergcamnd is

APIs are largely adopted by industry because thgpart the
separation of interface from implementation, a gngarend in
software design [14]. The main advantage of thizragch is the
possibility of separating modules into public (Bl itself) and
private (the implementation of the API) parts sarmdes to the
private part can be performed without impacting piblic one.
That is, modularity, and consequently separatiorafcerns, is
achieved.

In the rest of the text, we adopt the te# consumerandAPI
producers APl consumersare software developers who write
code with method calls to an API, aA®] producersare software
developers who write the APl implementation.

An important aspect of any API &ability. A stable API is not
subject to frequent changes, therefore leveragirg gromised
independence between the API producers’ and consumeade.
Changes in the API itself require changes in thé édhsumers’
code because this code uses services providedebpRh This
situation might become problematic if changes ® APl happen
too often. Therefore, according to one software higect
interviewed, APIs tend to be something well-thought out, and set
in stong” so that they are regarded as contracts withctiemts
(see section 5.1). As a result, APl consumers éxpet the API
will not change often, and if it does happen, thisp expect that
these changes will not severely affect them. Reeeotk in
software engineering tries to provide advice on howproperly
change APIs so that the impact of those changesirigmized
[11] [14].

3. RESEARCH SITE AND METHODS

Our fieldwork was conducted in a software developnoempany
that we will call BSC (a pseudonym). BSC is onethad largest
software development companies in the United Statéh
products ranging from operating systems to softvdaseelopment
tools, including e-business and tailored applic&tioThe project
studied, called MCW (another pseudonym), is resiptasfor
developing a client-server application that had met been
released during the period of the study. The ptg&aff includes
57 software engineers, user-interface designersitwa®
architects, and managers, who are divided into fiNféerent
teams, each one developing a different part oafi@ication. The
teams are designated as follows: lead, client, eserv
infrastructure, and test. The lead team was comgrisf the
project lead, development manager, user interfaségders, and



so on. The client team was developing the cliede sf the
application, while the server team was developheygerver side
of it. The infrastructure team was working in théared
components to be used by both the client and seeams.
Finally, the test team was responsible for theiguaksurance of
the product, testing the software produced by theraeams.

The MCW project (including its teams) is part of larger
company strategy focusing on software reuse. Tinédegy aims
to create software components (each one developeddifferent
project) that can be used by other projects (teams}the
organization. Indeed, the MCW project uses sevesaiponents
provided by other projects, which means that memludrthe
MCW teams need to interact with other software tpars in
other parts of the organization.

Regarding the data collection, we adopted non-@péant
observation [24] and semi-structured interviews ][2&hich
involved the first author spending 11 weeks at fiedd site.
Among other documents, we collected meeting inoites,
product requests for software changes, and emails iastant
messages exchanged among the software engineemseealso
granted access to shared discussion databases hysetie
software engineers. All this information was usedaddition to
field notes generated by the observations and vietes. We
conducted 15 semi-structured interviews with memloérall four
sub-teams. The questions were designed to encoutlage
participants to talk about their everyday work, lilging work
processes, collaboration and coordination effgntsblems, tools,
and so on. Interviews lasted between 35 and 90tesnAll the
material collected has been analyzed using grourtiedry
techniques [36]. The grounded theory approach chalfsan
interplay between data gathering and analysis teeldp an
understanding of what is going on in the field anmdpst
important, the reasons that explain what is goimg As the
fieldwork progresses, hypotheses are generatedtestdd and
modified according to the ongoing analysis of theadbeing
collected. During our fieldwork, we eventually rezadd the

fundamental role of APIs in the management of the

interdependencies. Accordingly, we collected marrmation

about this aspect in order to verify whether we tiaderstood the
software developers’ work. Finally, the intervieweprovided

feedback on our interpretation of the roles of AiRlghe process.
This feedback was fundamental to improving our usideding

of their work.

4. THE DEVELOPMENT OF APIs

4.1 The Organizational approach to APIs

At the time of the study, BSC had recently adoestrategy of
developing reusable software components. Each aoftw
component would have a public and stable API thinowbich its
consumers could access the set of services provigedhat
component. APIs need to Ipeiblic to allow other components to
access the services its underlying component pesviiihey also

need to bestable, that is, they cannot change very often.
Otherwise, the expected reduced coupling betweenl AP

consumers’ and producers’ code is not achieved.ifipertance
of APIs in the coordination of the software deveiapwas clearly
recognized by members of the software developreart who
agreed,"APIs are the heart of the whole exerciseds another
member of the server team confirmed:

“Our only work is to make these APIs work ... the
client team’qwork] is to consume the APIs and create
user interfaces.

Each software component and its respective AP| wekeloped
by a different project team, and could be used theroprojects
teams in the organization. Most projects implemerdéferent

sets of services, therefore implementing severalsAPespite
their willingness to reuse software componentder#ht teams in
the company developed different software componehist

provided similar sets of services. For example, t@@n would
provide access to email services implemented in maréicular

platform. Another team would also provide accessetoail

services in a different platform. In this case, sthesoftware
components would provide similar APIs. To guararttest APIs

were consistent and that software components welexd reused
throughout the organization, each project team aasbftware
architect responsible for the specification of thels. Weekly

meetings of the organization’s software architeg&se used to
monitor this work.

4.2 The Development of APIs

Despite these meetings, the organization had nabléstied
formal process to create, implement, deploy, anthtaia APIs.

In one of the meetings that we observed, developfer
different groups discussed the lack of recommendatby the
software architects on how to proceed when facingh Sssues.
As one developer pointed outAlt APIs need to look, feel, and
smell the sam&.This lack of an established process had already
been identified by the software architects and stasting to be
discussed in the software architects’ weekly mestin

Although there was no formal process, an informrakcpss was
adopted by members of the MCW project. In this cabe
majority of the APIs were developed by the seneam, who
provided services to be used by the client tearohBae of these
APIs was specified by the server software archidéschecessary.
After an APl was specified, it was discussed by ititerested
parties in a formal design review meeting. Theolwihg people
were invited to this meeting: the APl consumerse tAPI
producers, and the test team that eventually wdekt the
software component functionality through this ARnother
purpose of this meeting was to guarantee that tRé rAet the
requirements that the client team had and to make that API
consumers understood how to use it.

4.3 “Local” and “Remote” APIs

Once APIs are reviewed, they are made availableutfir the

configuration management tool to their consumessmfentioned
before, APIs are composed of sets of public classesfaces and
methods, and the associated documentation (ircttss, javadoc
files). Besides that, the software architect definithe API

provides a shallow implementation of the API fae gole purpose
of allowing the client team to immediately starogramming

against this API. According to one software ardttite

“The first-pass delivery (...) is a shallow
implementation, just enough to start some workitout
does not really flesh out anything.”

Software developers would refer to these implentamta as
local APIs in contrast toremote APIs, which are the APIs
implemented by the server team. These APIs areca#émote
because when the application is released, theybwilbcated in a



remote machine. That is, the local and the remd®s fare the
same; the distinction between them is solely baeadthe
functionality provided by the current implementatio

Periodically, API providers replace parts of thisakow API
implementation by its real implementation often dshson
suggestions provided by and needs of the APl coestunBut
also, according to the planned schedule to the API:

“(...) when it[the implementationis ready, | replace
the dummy code for the real implementdtion

By adopting this approach, the organization cowdgasate the
work that each team needs to perform and tempgreginove
dependencies between the teams: the client team stam
implementing against the local API, while the serteam can
start implementing the (real) remote API. Work cexw proceed
in parallel. Hopefully, replacing local APIs by rete APIs is a
simple matter. However, our data shows that is @lpmatic
aspect. These problems are discussed in sectiohesfollowing
section describes the multiple roles played by A in this
particular team and organization.

5. THE MULTIPLE ROLES OF APIs

The previous sections described how APIs are ugagtidoMCW
project team and other parts of the organizationoider to
manage their interdependencies and successfullyecate. Using
grounded theory techniques we analyzed our fieldsiand the
transcribed interviews to find out the roles playsdAPlIs in the
software development process. We found that they phree
different roles; each one of them is describedwelo

5.1 APIs as Contracts

APIs review meetings exemplify the first and foremnimmportant
role of any API: to establish a defined interfaceoag, at least,
two worlds. That is, APIs areontractsestablished between two
parties. As such, they allow each party to go alairg its work
while minimizing the coordination needs betweennth®uring
the design review meetings, API producers, conssjmesters
and other interested parties are all gathered ltegeb reach a
consensus about how the API is going to look likéer this
meeting, each party can work independently becdhsg all
expect that the established contract is going teuliled. These
meetings are also “coordination events” for all twafe
developers interested in a particular API. Foranse, members
of the test team meet the developers who will iimglet the API.
Later, testers will email information to these ARRbviders about
how the APIs are going to be tested, with the intédnavoiding
minor integration problems that could delay the elepment
schedule. On the other hand, if the scope of the=stings is too
wide, they might be problematic. One software eegin
interviewed informed us thattlfe larger the audience, the wider

the type of questiohsin a similar fashion, members of the server

team reported that client team developers wanntterstand too
many implementation details of the APIs, insteadazusing in
the “big picture” and using the meeting for clarétions purposes
only.

Seeing APIs as contracts also allows one to ndime& APIs
specify the set of services a component is goingoravide.
Because they are the only updated document congpittie
description of the services to be provided by a poment, they

often play the important role of specification domnts.
According to one of the developers:

“I've never seen a technical spec that describes
functional requirements that has been implemented
without changes.

“(...) while you're developing code, everything can
change:

Because of time pressure and other constraintsiciaff
specification documents are often outdated. Indessl, one
software developer noticed, some teams would ewvéte their

specs as APIs calls. In several occasions duringfieldwork,

software engineers were observed inspecting thes A®lfigure
out the services offered by a component. Lates, thiservation
was confirmed during the interviews.

The role of APIs as specification documents wagwdent that
one developer during an interview reported that sARire
equivalent to functional requirements: they descsmall pieces
of work, function calls and how to aggregate them do
something useful. He even defined APIs in regartetpuirement
specification documents: “[ajvell defined set of interfaces to
allow the requirements to be et

5.2 APIs as Organizational Boundaries

Each software component being developed by thenagion
might provide different services, which will be neadccessible
through different APIs. This means that APIs areppeefully
created to be the external boundaries of a compomBaTause
each software component is implemented by a ungpfevare
development team, APIs also define the necessasrfaces
between these software development teams. APlbeahought
as boundaries of the teams: they define the liofitwhat can be
known about and what needs to be done by each t®aimg an
APl provider means to be a member of the team who i
implementing this API, and consequently to undewtdts
implementation details. On the other hand, to b&Rhconsumer
means to be part of a different team, which doeésaed to know
the APl implementation detallsAPIs are then reifications of the
already established team structures. That is, ARy
organizational boundaries: any two given teams the¢d to
interact_{.e., that their code needs to interact with eattte) in
the organization will do so through the appropris¢t of APIs
that will integrate their software components.

Typically, complex components need to interact wskwveral

other components, meaning that several APIs wiltliate the

cooperation among members of these two teamsnBtarice, the
architects that we interviewed reported that tlase at least, six
different APIs mediating the work between the MCWértt and

server teams. In addition, each one of these teamesled to
interact with other teams in the organization beeauheir

components needed to somehow interact.

! Sometimes APIs are used to coordinate the workoéfivare
developers in the same team. That is, dependenugibén a
software development team might be handled thrahghusage
of APIs. However this is the exceptional case.



5.3 APIs as Communication mechanisms

Finally, APIs allowed the software developers ti& &bout their
work while performing it. More specifically, it aled them to
talk about their dependencies. For example, thieviaig quote
resumes the division of labor between the cliet sarver teams:

“Our only work is to make these APIs work ... theri
team’s[work] is to consume the APIs and create user
interfaces” [member of the server team]

This is a typical thing among software developevhp find it

useful to associate components with the teams dewvej them
[18]. In this case, teams are associated with thes Ahat they are
developing.

6. ON THE LIMITATIONS OF APIs

This section describes some problems that the ME@éq@t team
faced during this field study. We describe theseblams
according to the role played by the APIs. The finsee problems
were associated with the contractual nature of ARfsile the

fourth one is associated with the fact that APlinfozce

organizational boundaries. Each one of these pmblas

discussed below.

6.1 Instability

An important feature of any contract, and consetiyemy API,
is its stability, which means that APIs should ©bange often
because when they change, their consumers needki® changes
in their code as well. In other words, changingAd has a high
impact because it potentially leads to severalrothanges in the
source code. Despite that and all the discussiantttkes place
during the API design (e.g., during the API revieweetings),
APIs do change. As one would expect, these chainyzsct API
consumers. For instance, the client team needpdate its code.
This situation might be more or less problematigeteling on the
type and amount of changes that occurred in the. AR
minimize these problems, we observed that membdteserver
team (the API producers), before changing an ARtetrand
negotiate these changes with members of the dkamh (the API
consumers). Furthermore, we noticed that both teom®ot adopt
any technical support to this: if there are toolsikable to
perform API versioning and diff, they are not useyl these
teams. Finally, our last observation is that in samecasions the
client developers would be notified about changethée API, but
the actual changes to the APl were not deliverethém right
away. As explained before, the client team needssémver APIs
to be able to use them as “local” APIs, creatingemporary
independence from the server’s team. In some cHseghanges
to the API are not spread in the organization. Airtte other
teams also depend on the set of services that dhganent
through its APl makes available this situation nsmakee design
and implementation tasks much harder. As one softwa
developer reportediHiis [the task of designing using an evolving
API] is a total moving targét

The instability of some APIs was so evident thatediepers often
would ask questions like:l$ the [name] APl changing? They
would ask this question in their weekly meetingfobe starting
to work in the API in order to avoid problems. Thistability is
aggravated because current tools make it diffitaltidentify
changes in APIs.

Note that software developers acknowledge that Afdlsd to
change and evolve, therefore recognizing the iablst situation
where the API proposed in the design review isthetone that
will be ultimately implemented. According to one dhe
developers:

“I've never seen a technical spec that describes
functional requirements that have been implemented
without changes.

“while you're developing code, everything can chahg

Despite that, several developers reported probleitits changes
in the APlIs.

6.2 Incompleteness

APIs are widely used in this company to facilitatbe
coordination of teams of developers because ofatireed upon
common and well-defined interface that can be usedonnect
these teams’ source-code. The expectation thenhas the
integration should go smoothly. The following quftem one of
the managers clearly reflects this expectatiah:we use[N]
weeks for integration, then we're doing somethimgng’.

However, in reality, problems arise during the gnégion period.
In the MCW team, for example, several problems bapd
during the last organizationally scheduled intdagraperiod. This
situation led both the client and server teamsdopta a “pre-
integration” period before the official integratioperiod.
Furthermore, the manager of the server team dedmedsign a
new hire to perform “smoke tests” to minimize pbssi
integration problems.

As mentioned before, the adoption of “local” andrfrote” APIs
is another approach adopted by the organizatidiadititate the
integration. However this approach is also limiteédynly works
in the early stages of development becoming proatienas work
progresses:

“I think ... this[the usage of dummy implementations]
works to some extent. But as you push further along
implementation dummy stuff starts not working.f8o,
example, the list displays stuff, just dummy stiodf,
works, but as soon as you want to open one of those
dummy stuff, there is no stuffy behind the dumuaff st
so the list can not hand off to the launcfemmponent]
that can not hand off to tHeomponent]...you can not
open up because there is really nothing that faris.&
matter of how deep does the dummy stuff goes. iVeu d
a really bit and then, there is no more there.itickof
works in the start but as you go further along (...)"

In order to avoid this situation, assessment ofltiwal APIs is
performed by managers, software architects andwaodt
developers during their weekly meetings. The gsdlasically to
assess either if the “local” API can still be us@udork can
proceed independently) or if it is time to use themote” API
(work now has to be integrated). Sometimes, itossfble to API
consumers to continue using the “local” APls, whiokans that
they will go on working without contacting their AProviders.
However, when the “remote” API is needed, the managill
contact the other team manager and suggest thedRBumer to
contact his or her API provider. Note that therarnsassumption
here, which is that the APl consumer knows whodnisier API



provider is, which does not always hold. Indeed fhioblem is
described in the next section.

The main reason why there are problems during rikegiation
period is that, despite the amount of effort sperthe design of
an API, it is necessarily incomplete. That is, anl Alefines the
syntactic aspects of an interface, however, it doets provide
enough details about its implementation, and sonei these
details are necessary to the APl consumer [25, (86¢ the
discussion section). The important point then isw hthis
incompleteness increases the already existing owaiidn
problems in any collaborative software developnpentess.

6.3 Lack of Awareness

APIs, and most generally interfaces, divide thekwmgcessary to
develop software into two distinct parts: an insdrrpart

responsible for implementing the APl and an exterpart

responsible for using this same API. That is APayr the

organizational structures that define the team Harias. Again,
this brings several advantages to the coordingpimtess (see
section 5.2). However, as a side effect of theatsmh provided by
APIs, we noticed that teams lacked awareness aitbat teams’
work. In the MCW team, this problem was remedied thg

managers, who maintained constant and intensivertoication

about their teams’ progress and schedules. Additiipn an

approach adopted by the MCW client and server teaass to

pair developers (one from each team) accordingacPIs. That
is, for each server team member responsible foleimenting an
API, there was a client team member who was theswoer for

that API. This organizational solution failed inns® occasions
because API consumers did not want to appear toréssuring
their server developer counterparts. Similarly, faend out that
in the server team, some software engineers wetreware of
their client counterparts, i.e., those who wouldistane the API
they were implementing. According to the softwamehéect

interviewed:

“In our team meeting yesterday and other ones...
people seem to be reluctant to talk to their conpaes

too much ... in the sense that they feel they’re inggg
the other person ... and that is a problem because, |
mean, the reason why we are here ... the reason we're
getting paid, we are developing a product and that
interaction needs to happen.”

One might think that this type of knowledge abotiteit
counterparts is not necessary during the initagss of software
development while team members might still be ablevork
independently. However, as a software architeattpdi out, this
lack of awareness is still problematic:

“People think there's somebody else doing something
[on the API]and when, you knofthe API is needed]..

it is an empty void because they did not step up an
said: ‘I tried to identify my server counterpart oty
client counterpart or if there is anyone. We got a
problem here!”

Note that the API design review meetings play apdrtant role
in the coordination work because that is when alitvgare
developers interested in a particular APl meet mcly
avoiding some of the problems described above. Mewethe
design of the API, and consequently the API designiew
meetings, occur well-before anyone needs the svicovided

by the API. That is, often the implementation of ARl will not

start right after its design review. Changes inpgbe’s roles and
assignments during the software development protesgfore
remove this knowledge about APl consumers and fmergu

In addition, by reifying organizational boundariBIs indirectly

hindered the collaboration among members of diffeteams that
were not paired. For instance, another team inofig@nization
was responsible for implementing a component thawiged

services for both the server and the infrastructeaen. Members
of these teams were not aware that they sharediéiendency
and were working in parallel in overlapping aspeuftshis task.

One software engineer identified this issue anddeekcto talk to
the members of the other team so that they alldcalign their

efforts and avoid duplicate work.

7. Discussion

In general, the advantages and disadvantages of A®t
supporting collaborative software development atated to the
independent work (or isolation) they support. Thised for
isolation is a common theme and a recurrent proltesoftware
engineering. For example, Grinter, Herbsleb andryP¢t7]
describe how software development projects cooteirtheir
efforts across multiple locations. One of the medigscribed by
these authors is called product structure and stexlards and
interface specifications as coordination mechani€me of the
problems faced by the projects adopting this modat that
components evolved independently making it hard atign
features during the integration period. In ourdistudy, while we
identified the same coordination role played by eiface
specifications (APIs), we found out that the indegence created
by these interfaces was seen in the organizatianaslvantage,
not as a problem. On a different approach, Sarmacateagues
[35] discuss how configuration management toolspstpboth
good and bad isolation. Good isolation occurs ismthese tools
allow software developers to work independentlyhwitt being
affected by their colleagues’ work. Bad isolatiam the other
hand, happens when these tools decrease the awsrgofevare
developers have of their colleagues’ relevant wqritentially
leading to coordination problems. These authorsvdoa the
concept ofawarenesg12] to augment configuration management
tools with visualization of other developers’ adies [35],
therefore supporting good isolation and minimizthg problems
of bad isolation. Awareness of others’ actions Hasen
recognized as an important aspect that facilitatesdination of
individuals in settings as varied as ship bridg22],[ aircraft
cockpits [23], and transportation control rooms][Recent work,
including this present work, has shown the impartarof
awareness in software development efforts (sed.§9,20], and
[37]). Some trials at supporting awareness in saftwools has
begun as well (e.g., Jazz [5, 6], Palantir [35] &light Watch
[32]). Closely tied to the work on awareness, Esgn and
Kellogg define a further refined conceptcial translucencgl3].
Their aim is to facilitate the design of systemsttisupport
communication and collaboration among large grotipeople.
Translucent systems make people’'s actions visiliieough
intelligent user interfaces and thereby facilitatéareness among
collaborators.

One could argue that process centered softwarecgments ([2,
31], and [15]) support awareness and social traesicy because
these environments normally represent where docteméor



software components) need to be delivered to ndrtvever,

these systems are not focused on revealing to amécipant

which other participants might be involved in aqess. Indeed,
the point of employing some of these systems igetoeralize or
hide such information which is seemingly not pestinto an

individual's particular activity. In short, the leiof detail needed
with respect to the kinds of awareness and traasluc discussed
here may not be appropriate to process tools.

Notions such as translucency and awareness indieaie
alternative to simply delaying the definition of WP The
underlying idea is thatrivate workhaspublic consequenceand
vice-versa [9]. In this study, this means that wWwrk performed
by API providersimpactsthe API consumers’ work (if the API
changes for example). And, at the same time, thg ARBI
consumers’ use the API influence how the APl shobkl
designed by the API providers.

Interestingly, a distant analogy to social transha@y was once
discussed in the programming language and softeagaeering
arenas in the idea afpen implementatio25, 26]. Namely,
Kizcales and colleagues recognized the need to méie less
opaque in a sense. They maintained that users ffvese

components needed to know some information about
component’s implementation and not just its APbider to make
appropriate decisions about whether to use the ooemt and
how to use it. In these terms, our goal of suppgrimproved

collaboration would mean extending the concept pgnmess to
reveal the network of people relevant to makingisiens about
the API. This topic is discussed in more detailstle next
section.

In their seminal field study of software developmemojects,
Curtis and colleagues observed the following pnoiste“the thin
spread of application domain knowledge, fluctuatirend
conflicting requirements, and communication botles and
breakdowns [7].” Our findings are primarily relatedthe last two
issues because we carried out the study with asfoon
collaboration and communication issues. In theggecs our
findings corroborate theirs, but in the contexttbé specific
coordination enabled by APIs. For example, theainitity of
APIs in the MCW team clearly reflects the issuecofiflicting
requirements.

Managers recognized the coordination effort regutceintegrate
pieces of code provided by different developersore instance,
for example, the client manager recognized thateselbper
would not be able to meet his schedule because duk th
integrate his source code with source code provifetivo other
different software developers, members of the séemen. This
additional effort necessary to integrate differpigces of code
has already been identified by Grinter, who calléd
recomposition work: the work necessary to buildystam from
its pieces [18]. In another work, Grinter [19] disses how
software architects need to convince other memlmérghe
organization to “buy in” their design. The same mpirenon
happens in this organization, where software agctstbring in to
the API design review meeting the client and tesints, which
need to approve the API. Indeed, software devetoperthis
organization faced a dilemma: on one hand, theytedhio define
APIs early in the process in order to allow indegent work,
however, on the other hand, they wanted to avoikimgathe API
unstable, which could be avoided only by postponihg

definition of this same API. Fowler [11, 14] sugtgepostponing
the definition of APIs to avoid changes and theulteyy
instability, which does not allow independent work.

In this section, we have contributed an interpretatof how
recent research of ours and others in the fieldssaffware
engineering and computer-supported cooperative woelkp
explain the issues seen in section 6 and pointnttwaging
directions. In the next section, we attempt to lene more
specific about changes in support tools and presti¢or
alleviating some of these problems.

8. IMPLICATIONS FOR TOOLS

We have discussed how APIs play an important ralethie
coordination of a collaborative software developmefort.
Moreover, we discussed how APIs are reification of
organizational boundaries in the organization, dfee, at the
same time, allowing and constraining collaboratiamong
software developers of different teams. One of rtfesons why
they hinder collaboration is because they are usedich a way
that do not allow software developers’ to be awafetheir
colleagues’ actions that might affect their worlecBuse not all

aactions are important, we argue that awareness twe¢d to be

able to hide some details from software developdrde at the
same time, provide important information to letrthalign their

work. This suggests that translucent approachesd dog very

useful in the design of collaborative software depment tools
[13]. As mentioned in the previous section, a tharent system
makes people’s actions visible through intelligaser interfaces
and thereby facilitate awareness among collabaa®imilarly,

collaborative software development environmentsirteebe able
to make software developers’ actions visible to subset of
software developers “interested” in these actidbee way of
identifying who are those “interested” software elepers is by
using the concept of APIs. For example, the APIscomer needs
to be aware of the actions of the corresponding glider, so
that they can both align their work and avoid peoi during the
integration.

Furthermore, our field study also suggests how ¢o atpout
deciding which information should be presented amidich
information should be hidden. Indeed, we argue thatsource-
code itself contains this information because ddpenies among
pieces of software create social dependencies arsofigare
developers. For instance, dependencies among piacesde
exist because components make use of servicesdpobbly other
components: let's say that a componéntises the services of
another componer, as a resultA depends oB. Assuming that
A'is being implemented by andB is being implemented Wy, we
similarly find that developen depends orb. A data structure
containing all the dependency relationships of dtwsoe
application is called a call-graph, because it amst information
of which componentgall other components. Information from
this call-graph combined with authorship informatioould be
used to create a “social call-graph” describing aluhsoftware
developers depend on which other software deveddpera given
piece of code.

Figure 1 below presents an example of a “socidigrabh” from
a software development project being conducted @t thlled
Ariadne. A directed edge from package A to B inthsaa
dependency from package A to package B, meanirtgcthsses



inside package A request services from classegddansackage B.
Directed edges between authors and packages iagia#torship
information. Note that authors are leaves in thépg.

Figure 1: An example of a “social call graph”

Unfortunately, current software development tookven only
focused on the call-graph itself, that is, inforiatfrom this
“social call-graph” has not been explored yet. Wgua that this
graph is a potential resource that could be used feariety of
purposes. For example, this “social call-graph”lddoe used to
provide more selective information about softwamvedopers’
actions. In our previous example, developareeds to be aware
of b's actions regardinghangesn the interface of the component
B. That is, ifb changes the implementation of the services Bhat
provides, there is no need infoarof these changes. Furthermore,
this “social call-graph” could be used by softwavelopers to
identify other developers with similar interests,ia the situation
described in section 6.3. This approach is venylainto the one
adopted in the ExpertiseBrowser system [29], thedviges
expertise identification based on the number ohgea that one
committed to the file.

Because of the information that they make havelaviai, “social
call-graphs” could easily be transformed in sonitiwork graphs,
where the relationship among software developers ais
dependency relationship. In order to do that, arlg peeds to get
the dependency relationships among components sthem do
describe dependency relationships among the autbbrhese
components. Figure 2 below presents an exampléscal call-
graph.” This example is based on information ceddcfrom the
MCW team through our
observation. Members of the client team are reptesebycN,
where N is an integer from 1 to 8. Similarly, memsbef the
server team are representedsbyand test byN. The other letters

(n, d and @) indicate other teams in the organization. Arrows

indicate dependency relationships from the sowdée target of
the arrow.

interviews and non-participant

n1

s2— X d1

»J a1

Figure 2: An example of a social network graph desibing
dependency relationships among software developers

The social-call graph approach could also be usdgklp support
the human-to-human collaboration such as found giea
approaches, like such as Extreme Programming (XR){8 Test
Driven Development (TDD)[4]. These approaches prienmmore
collaboration through practices like pair programgnand stand-
up meetings, asking developers to interact and wodether
more often. For a company that is not using thegecaches or
that is having problems promoting the technique, “docial-call
graph” could be an initial step to facilitate thiansition and or
adoption. Furthermore, these approaches can beinefit our
“social-call graph” because they assume the pretexce of a
closely-knit group of people (or team) that is ratging often.
However, this assumption does not always hold, esisome
groups might be distributed, the project may evolequiring
different kinds of expertise, team requirements nehange
during prototyping, development, and maintenanceasph
requiring new people being integrated to the teand so on.
Indeed, recent research in software developmemhge@veals
that there is a large disagreement about team laoi@sd in
distributed and collocated settings [30].

An organization interested in practicing XP, TDD,ather agile
approaches as well as other software developmepin@ations
may benefit from the “social call-graph”, becausean provide
valuable information to facilitate these approachigsh as:

which pieces of code will be impacted by one change

who are the software developers that need to hietbt
about this same change;

who are the most active users of one particularuieod
being refactored;

who are the most proficient developers of a module

being refactored;

identification the “right” people to complete thessing
"expertise” in the group, and so on.

Note that some of the conditions described befegh as
distributed software development and different etipe needed
are not exclusive of organizations practicing XBDT or other
agile approaches. Therefore, we believe that abhganizations
can also benefit from our “social call-graph” apgeb.

Finally, we argue that APIs should be consideradt-fevel
programming constructs, which means that tool sttpfor



publication, versioning, diffing, and updating of P& is
necessary. Of course, configuration managemens wanh easily
perform these operations in individual and in sét fites.
However, these same tools do not provide supparttliese
operations in large set of files, such as APIds limportant to
notice that some open-source projects are begintuingddress
this problem (e.g., see Jdiff at http://www.jdiffgd and
DependencyFinder at http://depfind.sourceforge.net/
Furthermore, because of their role as an instrurthexitfacilitates
communication among software developers, we algoeathat
APIs should be given graphical representationghab they can
be designed and discussed and modeled in modelmguéges
such as UML [34]. Hence, cooperative software dgwelent
tools could use this information to notify APl cansers when
changes in APIs were performed, as well as infofh providers
about the severity of their changes in the API.

9. CONCLUSIONS AND FUTURE WORK

The notion of APIs is a well known widely used cept in

software engineering. APIs are constructs that émgint the
principle of information hiding, which aims to cteavell-defined
interfaces between two pieces of software to minémihe
dependency between them. We performed a field stfdn
software development project that relied on APIshbdor

technical design as well as social coordination. Wserved
several beneficial roles of APIs that confirmed eoted uses.
Namely,
reifications of organizational boundaries, and ascanmon

language among software developers. However, veeadiserved

various limitations of APIs including informationverload,

instability, integration problems, and lack of aem@ss. Just as
researchers have begun to address the issue ohexgsenvith

respect to algorithmic aspects of software comptmemwe

suggest using concepts of social translucence amuleaess to
open up software components
collaborative software development.

10. ACKNOWLEDGMENTS

This research was supported by the U.S. NationaénSe
Foundation under grant numbers 0205724 and 0326h63ntel
Corporation, and by the Brazilian Government un@&PES
grant BEX 1312/99-5.

11. REFERENCES

[1] "Application Programming Interfaces," vol. 20oftware
Engineering Institute - Carnegie Mellon Universizp03.

[2] Barthelmess, P. and Anderson, K. M., "A ViewStftware
Development Environments Based on Activity Theoiy,"
Computer Supported Cooperative Work (CSCW) - Specia
Issue on Activity Theory and the Practice of Desigml. 11,
2002, pp. 13-37.

[3] Beck, K., "Extreme Programming Explained: Endera
Change," Addison-Wesley, 1999.

[4] Beck, K., "Test-Driven Development by Exampléddison
Wesley, 2003.

[5] Cheng, L.-T., De Souza, C. R. B., et al., "Blinilgy
Collaboration into IDEs. Edit -> Compile -> Run Pebug -
>Collaborate?," in ACM Queue, vol. 1, 2003, pp.5M-

[6] Cheng, L.-T., Hupfer, S., et al., "Jazzing Ugligse with
Collaborative Tools," in OOPSLA Workshop on Eclipse

APIs served as contracts among stakeholders

in a way supportive of

Technology eXchange. Anaheim, CA, USA, 2003, pp. 45
49,

[7] Curtis, B., Krasner, H., et al., "A field study the software
design process for large systems," in Communicatarthe
ACM, vol. 31, 1988, pp. 1268-1287.

[8] de Souza, C. R. B., Redmiles, D., et al., "Mgeraent of
Interdependencies in Collaborative Software Develept:

A Field Study," in International Symposium on Eniqzt
Software Engineering (ISESE'2003). Rome, Italy: EEE
Press, 2003, pp. 294-303.

[9] de Souza, C. R. B., Redmiles, D. F., et aBr&aking the
Code", Moving between Private and Public Work in
Collaborative Software Development,” in Internaéibn
Conference on Supporting Group Work (GROUP'2003).
Sanibel Island, Florida, USA, 2003, pp. 105-114.

[10] des Rivieres, J., "Eclipse APIs: Lines in B&nd," in
EclipseCon, vol. 2004, 2004.

[11] des Rivieres, J., "How to Use the Eclipse AR4l. 2004.

[12] Dourish, P. and Bellotti, V., "Awareness andogdination in
Shared Workspaces," in Conference on Computer-3tgzpo
Cooperative Work (CSCW '92), R. Kraut, Ed. Toronto,
Ontario, Canada: ACM Press, 1992, pp. 107-14.

[13] Erickson, T. and Kellogg, W. A., "Social Trameence: An
Approach to Designing Systems that Support Social
Processes," in Transactions on HCI, vol. 7, 20p059-83.

[14] Fowler, M., "Public versus Published Interfa¢ean IEEE
Software, vol. 19, 2002, pp. 18-19.

[15] Fuggetta, A., "Software Processes: A Roadmiapfuture of
Software Engineering. Limerick, Ireland, 2000.

[16] Ghezzi, C., Jazayeri, M., et al., "Fundamentd|Software
Engineering," Prentice Hall, 1991.

[17] Grinter, R., Herbsleb, J., et al., "The Geqimaof
Coordination: Dealing with Distance in R&D Worki i
ACM Conference on Supporting Group Work (GROUP.'99)
Phoenix, AZ: ACM Press, 1999.

[18] Grinter, R. E., "Recomposition: Putting It ABlck Together
Again," in Conference on Computer Supported Codpera
Work (CSCW'98). Seattle, WA, USA, 1998, pp. 393-402

[19] Grinter, R. E., "System Architecture: ProdD&signing and
Social Engineering," in Work Activities Coordinati@and
Collaboration. San Francisco, CA, USA: ACM Pre€99,
pp. 11-18.

[20] Grinter, R. E., "Using a Configuration Managamh Tool to
Coordinate Software Development,” in Conference on
Organizational Computing Systems. Milpitas, CA, 3.98p.
168-177.

[21] Heath, C. and Luff, P., "Collaboration and @oh Crisis
Management and Multimedia Technology in London
Underground Control Rooms," in Computer Supported
Cooperative Work, vol. 1, 1992, pp. 69-94.

[22] Hutchins, E., "Cognition in the Wild." Cambgd, MA: The
MIT Press, 1995.

[23] Hutchins, E., "How a Cockpit Remembers its &f" in
Cognitive Science, vol. 19, 1995, pp. 265-288.

[24] Jorgensen, D. L., "Participant ObservatiorMathodology
for Human Studies." Thousand Oaks: SAGE publication
1989.

[25] Kiczales, G., "Beyond the Black Box: Open
Implementation,” in IEEE Software, vol. 13, 1996, g-11.

[26] Kiczales, G., Lamping, J., et al., "Open Impéntation
Design Guidelines," in International ConferenceSmrftware



Engineering. Boston, MA, USA: IEEE Press, 1997,4&1-
490.

[27] Larman, G., "Protected Variation: The Impoearof Being
Closed," in IEEE Software, vol. 18, 2001, pp. 89-91

[28] McCracken, G., "The Long Interview," SAGE Pightions,
1988.

[29] Mockus, A. and Herbsleb, J. D., "Expertise Bser: A
Quantitative Approach to Identifying Expertise," in
International Conference on Software Engineerindar@lo,
FL, USA: IEEE Press, 2002, pp. 503-512.

[30] Mortensen, M. and Hinds, P., "Fuzzy Teams: itary
Disagreement in Distributed and Collocated Teains,'
Distributed Work: New Research on Working across
Distance Using Technology, S. Kiesler, Ed.: MIT $e
2002, pp. 283-308.

[31] Nutt, G. J., "The evolution toward flexible vkflow
systems," in Distributed Systems Engineering, 1996,
276-294.

[32] O'Reilly, C., Morrow, P., et al., "Improvingodflict
Detection in Optimistic Concurrency Control Modegis,

11th International Workshop on Software Configuati
Management (SCM-11). Portland, Oregon, 2003 (teeapp

[33] Parnas, D. L., "On the Criteria to be Use®&composing
Systems into Modules," in Communications of the ACM
vol. 15, 1972, pp. 1053-1058.

[34] Rumbaugh, J., Jacobson, I., et al., "The @difviodeling
Language Reference Manual." Reading, MA: Addison
Wesley Longman, Inc, 1999.

[35] Sarma, A., Noroozi, Z., et al., "Palantir: 8lag Awareness
among Configuration Management Workspaces," in Tyven
fifth International Conference on Software Enginegr
Portland, Oregon, 2003, pp. 444-453.

[36] Strauss, A. and Corbin, J., "Basics of QuélimResearch:
Techniques and Procedures for Developing Grounded
Theory," Second. ed. Thousand Oaks: SAGE publicatio
1998.

[37] Teasley, S., Covi, L., et al., "How Does RadiCollocation
Help a Team Succeed?," in Conference on Computer
Supported Cooperative Work. Philadelphia, PA, UBEM
Press, 2000, pp. 339-346.



