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Coordination in Software
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ince its inception, the software industry| hasl been in crisis. As Blazer
noted 20 years ago, “[Software] is unreliable, delivered late, unrespon-
sive to change, inefficient] and expensive and has been for the past
20 years” [4]] In a survey of softward contractors and government con-
tract officers, over half of the respondents believed that calendar over-
runs, cost overruns, code that required in-house modifications before
being usable, and code that was difficult to modify were common proby
lems| in the software projects they supervised [22] Even today, problems
with software systems are common and highly-publicized occurrences.

While there is no single cause of the softward crisis, a major contrib-
utor is the problem of coordinating activities while developing large
softwarel systems. We will argue that this coordination becomes much
more difficulias project size and complexity increase. Coordination
difficulties are not limited to software development, though, but are
an inherent aspect of work in any large organization. Viewed from
this perspective, some of the mechanisms used to coordinatd work in
large organizations in general ought to have applicability to software
development. In particular, we examine the respective roles ofl formal and intormal communication
mechanisms in coordinating work on softwarel projects. We will argue that most of the existing coordina-
tion support tools have used formal communication procedures, and that there is a need for nurturing
informal communication procedures as well.

Coordination has been defined as the direction of “individuals’ efforts toward achieving common and
explicitly recognized goals” [3] and “the integration or linking together of different parts of an organiza-
tion to accomplish a collective set of tasks” [23]] In software development, it means that differentl people
working on a common project agree to a common definition of what they are building, share informa-
tion, and mesh their activities. They must have a common view of what the softwarel they are constructing
should do, how it should be organized, and how it should fit with other software systems already in place
or undergoing parallel development. To build the software efficiently, they must share detailed design
specifications and information about the progress of software modules. In sum, they] must coordinate
their work so that it gets done and fits together, so that it isnt done redundantly, and so that components
of the work are handed off expeditiously.

Characteristics of software Development

Achieving a successful softwarel system requires tight coordination among thd various efforts involved in
the softwarel development cycle. Yet this coordination is difficult to achieve. Ad Curtis, Kramer and Iscoe
[11] note in their study of large software development projects, communication bottlenecks and breakd
downs are very common. Indeed, several characteristics of saftward development make these coordina-
tion problems not just common, but inevitable [6, 8].

Sealel A fundamental characteristic of many software systems is that they are very large and far beyond
the ability of any individual or small group to create or even to understand in detail. If a software system
were small, effective coordination could occur because a single individual or small group could direct
its work and keep all the implementation details in focus. Indeed, large projects are more successful if
a single, often exceptional, individual with both applicationdomain knowledge and software knowledge
guides and coordinates the project [11]] But this ideal is impossible for many large softward systems,
where system size is measured in millions or tens of millions of lines of code and the life of the
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project]is measured i years.

Efforts of thid scale invariably lead
to specialization| and a divisionl of
labor] These organizational| responses
miturn lead to compartmentalization
of Interdependent actors through
geographic] organizational, and soq
dial boundaries Within these bound-
aries, unique] subgroup  perspectives,
cohesiveness]  ethnocentrism] and
unwillingnesd to wradel information
mereasa (ff g L [7]] Baine
graphic] organizational, or suc
reduce peoples opportumtey and
eagerness to share information and to
learn from distant colleagues [1¥]
While compartmentalization] pro -
motes organizational efficiency m
large groups by shielding people
from unnecessary information]m
nonetheless create!, new coordinaticn
tasks Compartments limil peoples
breadth of experienceleading] to er-
rors, narrowness, and insufficien
opportunity] for comparng knowl-
edge, and can reduce the motvation
to interact withl relevant others and to
accept new idead

Uncertainty. The inherent uncerd
tamty|in software development com-
pounds the coordinationl problems
produced by large scale alone By
uncertamty, we mean the unpredict
ahility] of both the software and the
tasks that software engineers per-
form Unlikd much manufacturing]
software development 1s a nonrou-
tmd activity| Many software systemsy
are one-of-a-kindl projects withl no
existing] prototypes, applications or
systems to simply maodify] or change

Further, uncertainty increases be-
cause specifications] of the software$
functionality] change over wme [4]
11] Change n software specifications
arises because the external world that
the software was designed| to support
changes, as businesd needs, user de-l
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vypacal productiy
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document writers,

r stafl year),
lines of code
{Martin,
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tive personnel mvolved in a large project.

sivesy computer platforms, mpuy data,
and thel physical world iselfl all
change The likelihood of change s
greatest whenever software 1sused
directly] by people, because iis often
only by using software that purchas-
e, s and users understand s capabili-
nes and limitations When software 13
used m arcumstances for whichin
wasn't designed specifically, the users
arerlikely] to demand new capabilitiey
that had not been envisioned during
the initiall design|

Software development alsd s un
taini becausel specificationy for w
ard invariahly incompletd Incom -
pleteness partially| results froml linid
itecl domain knowledge and divisionl
of labor typical of softward projecty
1 11] Too few people working on a
software project have sufficient
knowledge about the domain in
whichi they ara working A projecy
group writng software foia headsd
up display] fof pilei] needs u-depth
knowledge of aircraft and aviation] as
welt as knowledge of computer sci4
encer Typratty, analysts withl varving
degrees of domaini knowledge inter+
view customers and users, and the,,
writel specificationy] for software archid
tects and designers In thid process;
relevant domain information s inevi-
tablhy lost

Some of the users’needs will not be
uncovered by the analysts, and some
of the analysts’ discoveried will not bel
reflected m the specificationg Thus, a
major) coordinationl problem in soft-
ware development 1s that at many
pointy the informartion that software
architcers and programmers need to
make decisiond 13 not availabld to
them through documents, although
users, analysts, and others in the preyq
ect may have the knowledge neces-
sary for these decisions
Finally| software 1s uncertami bel
1sa the differemtl subgroups 4
volvedinits development often have
different beliefd about what 1 should
do and how 11 should do m For exam-
ple, analystd translate users’ needs
intal requirements for system capabili-
ues Thid task s exceedingly difficult
and open to error and nmsrepresen-
tatony since 1M involves synthesizing|
representing) and often reconciling
different user needs and views, as 15
the case when diflerent groups of
cnd-users have diflerent levels of

c

computer skill. Whild analysty may
try to adopt thel point of view of the
software$ users, designers and pro-
grammers often have a more techni-
cal focus, with an emphasis on ease of
development and efficiency of com-
putation. As more groups become
involved in software development,
disagreements among them inevita-
bly increase. These differences in
points of view must be resolved for
coordination to succeed.

Interdependence. The large sizel
and uncertainty in software work
would be less of a problem if software
didnt require precise integration of
s componenty M uch software s
build of thousands of modules thal
mustt mesh with each other perfectly
for the software system to operate
correctly. The recent disruption of
the AT&T tong distance network [2ii]
shows how unanticipated interactions
among software modules can havel
disastrous consequences. Poor coor-
dination between subgroups produc-
ing software modules could lead to
failure in integrating the moduled
themselves.

Informal communication] Both
practical experience and organiza-
tional theory suggest that previous
efforts in software engineering liavel
not solved the coordination problems
in large software projects. The combi-
nation of large size, uncertainty, and
interdependence requires special
coordination techniques that may e
be necessary in more routine produc-
tion environments. At the risk of
oversimplificarion, one can say that
most proposed remedies for the soft-
ware crisis have taken one of three
approaches: (1) technical toots, rang-
ing from new workstations to syntax
directed editors and higher level lan-
guages, td improve the productivity
of individual developers, (2) modu-
larization, both technical, such as ob-
ject-oriented programming, and
managerial, such as the organiza-
tional separation of thd requirements,
coding, and testing functions, to en-
capsulate the behavior of program
elements and individual software
professionals, and thereby reduce the
needs for coordination, and (3) for-
mal procedures, both technical, such
as version control software, case tools,
and specification languages, and
managerial, such as test plans, deliv-



cry schedules, and
control communication
among development personnel.
While these techniques have
doubtedly contributed to a modest
increase in software productivity
the past twenty years they only
partially address the problems of co-
ordination in software development.
Tools increase the productivity of
individual programmers by
do not solve coordination prob-
lems. Likewise, while successfully lay-
ered architectures and structured
programming techniques may
the number of interfaces be-
modules, different people with
different perspectives still must
whatis  be built and must fit to-
gether pieces of software. Problems in
formation, information
sharing and coordination that dont
show at one level invariably surface at
another. Finally, formalization, while
necessary and for many
tasks, may be misapplied tasks that

Prior shows that formal
and informal communication are best
suited for different types of activities.
By formal communication we mean
communication  through  writing,
structured meetings, and other rela-
tively non-interactive and impersonal
communication channels. In the case
of software development, formal
communication includes
such as written specification docu-
ments, formal specification lan-
guages, status review meetings, and
automated reporting and tracking of
program errors. These in contrast

informal communication, by which
we mean personal, peer-oriented,
and interactive communication. For-
mal communication is useful for

routine transactions within

groups and organizations, but it often

fails in the face of uncertainty, which

typifies much software work. Under
these circumstances, informal
may be needed for

Analyses of communication in re-
search and development settings, al-
though not looking at software devel-
opment per se, have shown the heavy
and effective use that professionals
make of informal communication for
exchanging information. The major
findings are easy =~ summarize. First,

the way that
flows and
and development I, 2,
Second, the world of research
development as many other
1o, the ease of
at least as
as the of the

the sources that peo-
ple use Therefore
of a a
work-related
and
through
interpersonal communication is
valuable both for individuals and for
as re-
search and development tasks
come
The
and perhaps unresolvable
large software development
Because of

groups
software development must
be Because of the

degree of of

software

should be a
valuable method for
coordmatmn But because of the

large of these the
of face-to-face
may preclude the of
as a
for
problems And because of the
between
software modules, speech,
the of
may be too
well
ephemeral  serve as a record of
exchange
an
of the under
are used
software development and the
under they actually
succeed or
For the reasons
we concentrate on the con-
trast between formal,
such as de-
and documents
and status
and

such as peer
and unstructured
Structured,

such as status or

are on
A Study of
in Software
We surveyed the
across 65

large software development com-
pany The survey focused on three

factors 1) coordmatmn
used, 2) structural of
that the

and of
and 3) the

success of the on
features of the and

the coordmatmn that

the of and

of
The research siteThe research
was the software development
of a research and development
company that employed
3,000 managers, analysts, soft-
ware engmeers, programmers,
and
the staff worked the
development of a range of prod-
ucts for the
a range of
In general, were
around a waterfall devel-
opment model and had standard
development code
and programs In
of scale, they ranged from
four-person projects,
software for PCs, on the one hand,
and large systems, 14
of code already devel-
oped and 150 people  staff on the
other The had
15 people on staff at the of the

survey, 1990 In terms of the soft-
ware cycle, the projects ranged
from those the stage

other development orgamnizay
tions| to more maintenance-oriented
projects, where new releases were
meant to fixl bugs and add small num-
bers of features
Whild all projecty used both formal
and informal communication to coor4
dinate activity) the balance differed
across projecty For example, in prayq
ects on the more formal end, differ-
entiunitd of the company wrote red
quirement specification  documents

































