
Networked

Do You Know
How to Get to
Carnegie Hall?

T he older I get, the more I come to under-
stand that everything I know is wrong. (If
you ever find yourself doubting that, just

acquire a teenager and you will receive continu-
ous reinforcement of the underlying rule.) One of
the first principles I learned in software design was
service abstraction: you define a service with well-
defined interfaces and make calls on that service,
which might respond with some answer. (A proce-
dure call is a service abstraction, for example.) Ser-
vice abstraction argues that the called service
doesn’t need to know anything other than the pro-
vided service parameters to successfully perform
its task, the caller knows everything necessary to
properly invoke the service provider, and there is
exactly one appropriate service-provider behavior
for any particular combination of parameters.

Service abstraction is a wonderful concept. It
provides a well-defined computational context and
allows the service implementer the freedom to con-
centrate on the problem at hand. Being able to
implement something specific while ignoring the
real problem’s context is most programmers’ ulti-
mate goal. Unfortunately, service abstraction pro-
vides only a painfully limiting interaction quality.
As evidence of this, consider that people don’t do it.

Context Awareness
If someone approaches you in Times Square and
asks if you know how to get to Carnegie Hall, for
example, you don’t answer, “Yes.” Rather, you take
account of the question’s context. You might con-
sider the weather or seek information (or infer from
age and dress) on whether the questioner prefers
the subway, a taxi, or walking. People are context-
aware in their service responses — and more con-

cerned with intent than literal interpretation.
The Internet and the emerging plethora of com-

municating devices are pushing us toward con-
text-aware applications. We want information
applications that can reply in a variety of natural
languages, with information customized to the
communication channel’s bandwidth, the user’s
particular privileges and preferences, and the
client’s characteristics, including location, screen
size (or existence), linguistic preferences, and abil-
ity to handle alternative communication mecha-
nisms (sound generation, speech understanding, or
haptic feedback, for example). And we don’t want
to send all that information with every request.
The Web page that wants to answer “yes” doesn’t
need to be as careful about phrasing its response
as the one that can send an interactive color map
of midtown Manhattan. Future systems will need
to be able to have conversations. 

What Does 
Context Awareness Enable?
Mobile, ubiquitous applications are the ones most
in need of context awareness because they have
the most uncertain and variable contexts. The
direction-providing system will need to know
where you are (either from your internal Global
Positioning System or your physical environment’s
location pings) and what facilities it can use to
describe how to get where you want to go. The
automated art museum tour guide needs to know
not only what you’re looking at and which lan-
guage you speak, but also what you already know
and how much attention you’re paying to what it’s
telling you. Emergency medical response will
depend not only on your physical location, the
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weather, your medications, and medical history, but also on which
insurance card is in your pocket. Augmented reality games will want
to know where you are, what you’re looking at, and your pulse rate,
and they will want to communicate some distillation of that infor-
mation about your teammates and opponents.

Currently, context awareness is implemented in an ad-hoc man-
ner for each application that needs it. Software architecture has pro-
gressed to the point of content-free communication mechanisms
(such as TCP/IP, Corba, HTTP, Web services) and content-free data-
structuring mechanisms (such as XML). Certain kinds of communi-
cations semantics are built into certain communication mechanisms
(security in Corba and preference parameters in HTTP, for instance).
Domain-specific data semantics are sprouting wildly in the XML
space. The challenge for system developers is to generate generic
context-aware application architectures. This includes defining a
mechanism for representing contexts, specifying a uniform mecha-
nism for exchanging and interpreting contextual information, and
doing it in a way that appropriately minimizes (but does not inap-
propriately eliminate) the need for human intervention. 

Practicing Context-Awareness
Someday, we might include in our software curriculum the princi-
ple that the foundation of intermodule communications is context-
based conversation. That’s likely to include the idea that request-
ing a service implicitly carries some handler for inquiring for more
information about the request and requestor; that callback might
present an interface for handling the “why do you want to know?”
responses. (This interface itself would use contextual data such as
the caller’s location, preferences, and what they are working on.)
Around this structure we will need to develop data standards for
the various types of contextual information that could be
exchanged. After all, if you’re going to have a conversation, it helps
to have a common language.

And do you know how to get to Carnegie Hall? Practice, my
friend, practice.
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