Predicting Context Aware Computing Performance

By Eli Rohn

Forecasting the growth and key success factors of context aware computing is an area that is
wide open for further research.

Abstract

Computer systems will increasingly need to be sensitive to their context to serve their users
better. In this paper we forecast the capabilities of context aware computing and relating it to
a time frame. Our short-range analysis indicates such systems will become commercially
available and common by 2007. Our mid-range analysis indicates that the development pace
of Context Aware systems will start to slow down by 2020 and will reach maturity by 2035.

1 Introduction

The purpose of this paper is to forecast the capability of context aware computing and
relating it to a time frame. Forecasting can be useful for decision-makers, for techno-social
watch groups, and even for the uninitiated who invest in the stock market. We use available
information to evaluate such systems’ performance on a scale developed for this purpose. We
use the data to calculate a fit to a Pearl curve, also known as the Logistic curve or the natural
growth curve. This paper is organized as follows: in part two we give an overview of context
aware computing, followed by a brief refresher on the Pearl curve in part three. In part four
we review existing context aware systems and assign them a value on a ratio scale we
developed. The fifth part is dedicated to calculating a fitted Pearl curve, and the sixth part
analyzes the result. The seventh and last part concludes the article with a few comments
about the vulnerabilities of forecasting and thoughts about further research.

2 Context Aware Computing

Before we discuss Context Aware systems, it is worthwhile to take notice of their precursors,
namely Decision Support Systems (DSS). Such systems appeared in the early 1970’s. In its
infancy, DSS supported only individual decision-makers. Later, DSS were applied to
workgroups and teams [1]. However, the term DSS and its offshoot, Executive Information
Systems (EIS), have all but disappeared from vendors’ web sites and a new generation of
systems has emerged, namely the Business Intelligence (BI) applications.
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“There is an increased recognition that business intelligence, which integrates
many of the EIS, DSS and expert systems concepts, is becoming a necessary
component in the second generation of enterprise systems... The expert systems
technology is now being replaced by a diversity of intelligent systems, which are
built to fulfill two key functions: (i) the screening, sifting and filtering of a
growing overflow of data, information and knowledge (described above) and (ii)
the support of an effective and productive use of information systems, which
quite often are tailored to the needs and personality of the user. The intelligent
systems, which can be implemented for these purposes, range from self-
organizing maps to smart add-on modules to make the use of standard software
more effective and productive for the users.” [2].

A system is context-aware if it can extract, interpret and use context information and adapt its
functionality to the current context of use. Context Aware Computing is a field that receives
a lot of attention in research and development. Some limited context aware systems have
been trickling to the defense industry and now we begin to see limited context aware
applications entering the general market. Thus, exploring theoretical limits is useful not only
for academics, but foremost for practitioners, corporations, government agencies, and society
as a whole.

“A growing realization is that computer systems will increasingly need to be sensitive
to their context. Traditionally, hardware and software were conceptualized as input-
output systems: systems that took input explicitly given to them by a human, and
acted upon that input alone to produce an explicit output. Now, this view is being
seen as being too restrictive. Smart computers, intelligent agent software, and digital
devices of the future will have to operate on data that is not explicitly given to them,
data that they observe or gather for themselves. These operations may be dependent
on time, place, weather, user preferences, or the history of interaction. In other words,
context.”[3]

Defining what constitutes context is a task by itself. In elementary school composition
classes we learn to address key context questions, namely the “6-W”: Who, Where, When,
What, Why, How. One may argue that context is provided by Identity, Location, Time, and
Activity. Liberman and Selker [3] suggest that “context is everything but the explicit input
and output” to a system.

Context Aware Computing is not a monolithic area of research and development. While we
do not treat each type independently in this paper, it is important to understand that Context
Aware Computing becomes progressively more complex as we move from passive
applications to active applications. Context Aware systems differ from other software in a
number of ways. Such system can be:

= Adaptive systems: these learn their user’s preferences and adjust accordingly [4].
= Responsive systems: these anticipate the user’s needs in a changing environment.
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= Proactive systems: these are goal-oriented, capable of taking the initiative, rather than
just reacting to the environment.

= Autonomous systems: these can act independently, without human intervention.

Context is an illusive concept. For example, there is no one agreed upon definition, there is
no understanding how much “related data” is enough to be recognized as sufficient context,
there are challenge in the complexity of capturing, representing and processing contextual
data. Key features for that task are information granularity, organization and causation. There
is a challenge in determining what constitutes a “similar” situation; to what degree are two
events similar, what are the key differences, to what degree differences limit applying a
solution that’s good for one situation to a similar one? For example, is swimming with
dolphins similar to swimming with sharks? Does it matter if the swimmer is a marine life
researcher or a vacationer who entered the same water? Life experience indicates that we
humans have limitations in recognizing, understanding, and applying context. Intuitively it
seems that context is linked to judgment and applying it depends on “common-sense".

Context Aware Computing relies on several independent enabling technologies. For input it
relies on sensors, and these have their own limitations. For processing it relies on hardware, it
depends heavily on artificial intelligence principles and those depend on specialized software
for implementation, which in turn, relies on data and rules extracted from knowledge of the
world, which probably includes knowing specific user’s preferences. Hence, a key-enabling
feature is the ability of computer systems to learn from past experience, and use that
knowledge in future computations. One area that needs to be formally developed is the
concept of similarity. A key feature to the realization of Context Aware Computing is the
ability for a system to have “common sense”, at least to a degree that the user would consider
it as such.

The aforementioned issues suggest that context aware computing has some limits. In this
paper we examine one theoretical limit, utilizing forecasting techniques. In addition, we
contribute a list of context aware devices that seems to have escaped surveys of work done in
this field. We also propose (a somewhat naive) comparison scale for such systems.

3 Logistic Formula Refresher

There exists a similarity between the behavior of biological growth and the growth in
performance of technological devices. Such growth has been described in equations and
graphs. The Pearl curve, also known as the logistic growth curve is attributed to Raymond
Pearl (1870-1940), an American biologist and demographer. The equation for the Pearl curve
is:

-3- As of 15-Sept-2002



L
Y= _bt Equation 1 Pearl Curve
1+ ae 1

In this equation, L is the upper limit to the growth of the variable represented by y, ¢ is time
and a,b are parameters. Plotting the equation yields an “S” shape curve. This curve differs
from the geometric curve in two ways: (a) It has an upper asymptote (the curve does not
exceed a certain maximum level), and (b) it approaches this asymptote smoothly, but
abruptly. It has its inflection point in the middle, thus the upper and lower halves are mirror

images of each other. Due to the symmetry “a” determines where the curve will be located
on the time axis, and “b” determines the steepness of the rising portion.

The values of “a” and “b” are determined by using historical data points and then calculating
a curve-fit to the data. This is obtained by a least-squares fit calculation. The equation
doesn’t lend itself to easy regression calculation; hence we transform it as follows:

Let —l=ae™ Equation 2

y

L
Then we let Y=In — 1}//2 In a — bt Equation 3
y o4

From the historical data we obtain a value Y; corresponding to times t; now it is possible to
carry out the minimization of

N
(Y, —Ina+bt, )2 Equation 4

1

to obtain a parabolic regression fit for Y. This procedure minimizes the sum of squares of the
ratios of the original data and the fitted curve. Equation 4 will be used later in this paper to
calculate the Pearl curve for Context Aware Computing.

In peer-reviewed publications and in books, the equation has been successfully used in the
analysis and prediction of technology. For instance, steam engine efficiency, power plant
efficiency, penetration of telephones to households in the US, efficiency of illumination,
productivity of aircrafts (in passenger-miles per hour), top speed of US combat aircraft, time
required for inversion of a matrix by a digital computer, ratio of RAM size and access time,
to name a few. This suggests the Pearl curve may be appropriate in analyzing some context
aware computing theoretical limits.
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4 Context Aware Computing Progress

To calculate the Pearl curve for Context Aware Computing we need to review progress in the
field and assign a performance value to it. Unlike mechanical devices whose operating
parameters are relatively easily quantified, quantifying the degree of context awareness in a
device is, at this point, a partially subjective evaluation. We suggest a ratio scale ranging
from O to L, where 1 means very little context awareness, and L means infinite context
awareness. This exceeds human capabilities.

The scale has three parameters: the number of inputs to the context aware system, the number
of outputs, and subjective “sophistication” bonus points. The three are summed to yield a
value for the degree of context awareness a given system exhibits.

The first generation of context sensitive machinery were electrical analog gun directors [5]. It
is historically interesting to note that Bell Laboratories digital computers were used during
World War II in the design and testing of these gun directors. We assign the electrical analog
gun directors application the value of “3” in our context-sensitivity scale. These were
followed by electro-mechanical computers attached to anti-aircraft guns in mid 1955. We
assign such applications the value of “4” in our context-sensitivity scale. At about the same
time, some tests were conducted by NACA using radar-controlled sights for military aircratft.
“Both an optical disturbed-reticle sight and a scope presentation director system with
automatic radar tracking were evaluated” [6]. We assign such applications the value of “6”
in our context-sensitivity scale. It is of historical interest to note that modern fire control
systems are capable of fully automated and autonomous tracking, loading, aiming, and
guidance. The next improvement came on board of military fighters and bombers (circa
1960). Specifically, these were sights for delivery of diverse ammunition in a variety of
flight profiles. Their context was mainly ammunition type, target type, winds, aircraft
motion, aircraft attitude, and aircraft load factor (“G” force). These systems used analogue
computers, a serious rival to digital computers in some applications. We assign such
applications the value of “8” in our context-sensitivity scale. The next generation had radar
added on board to track mobile or air-born target maneuvers. We view the addition of such a
sensing device as analogous to growth from self-awareness to social awareness. We assign
such applications the value of “10” in our context-sensitivity scale. We can plot one more
point in the progress of context aware computing in 1972. NASA's Dryden Flight Research
Center had the Fly-By-Wire Project on its way. With a Fly-by-Wire system a pilot moves
stick and pedals, transmitting commands to an onboard digital computer. The computer
decides on magnitude of response and simultaneously controls other systems such as thrust
(engine output) and secondary control surfaces such as air brakes and flaps. This allows
building aerodynamically unstable aircrafts, capable of unprecedented maneuvers. However,
the pilot isn’t in direct control of the aircraft. The Fly-by-Wire system is sensitive to the
aircraft’s capabilities and configuration at the time input is received from the pilot. It makes
the ultimate decision on how to respond, if at all, to the input that reflects the pilot’s decision.

“By replacing cables, linkages, push rods, pull rods, pulleys, and the like with electronic
systems, digital fly-by-wire reduces weight, volume, the number of failure modes, friction,
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and maintenance. It also enables designers to develop and pilots to fly radical new
configurations that would be impossible without the digital technology” [7]. However, there
is one documented accident from 1988 where the pilot of a US F-18 military aircraft failed to
recover from a spin because the on-board computer thought his commands were too extreme
and blocked them [8]. The August 1993 Gripen fighter crash at an air show in Stockholm is
also attributed to the onboard fly-by-wire system [9]. We assign NASA’s application the
value of “l1” in our context-sensitivity scale. By 1980 Fly-by-Wire systems have been
implemented in all advanced military fighters and bombers. We assign such applications the
value of “16” in our context-sensitivity scale. In the mid 1990’s such systems trickled to the
civil aircraft industry. They too are assigned the value of “16” in our context-sensitivity
scale. All modern air carriers are controlled using fly-by-wire systems. Some aircrafts have a
hydro-electro-mechanical backup system. Car manufacturers are currently experimenting
with drive-by-wire systems for future cars [10]. In 1995 or thereabout a classified
Autonomous Aerial Vehicle by the name of Predator was commissioned. Some models of the
Predator allegedly have the ability to roam over enemy territory, and autonomously select
targets and destroy them. The Predator flew at least 600 missions in Bosnia. The authors
were not able to find reliable information about the nature of the missions or their outcomes.
Predators flew quite a few missions over Afghanistan in the chase after Al-Quaida. The CIA
used a Predator to fire a missile and blow up a car carrying six suspected Al-Quaida
operatives in Yemen on November 2002 [11]. We assign the Predator the value of “30” in
our context-sensitivity scale.

The aforementioned systems lack the ability to learn from experience, and are not
configurable for a specific user. One may argue it is not necessary for this class of systems to
have such attributes. Yet, we believe that full-blown context aware systems should tailor
themselves to personalized preferences by learning from experience, in a non-intrusive
manner.

In 1992 Olivetti developed one of the first context-aware civil applications, the Active Badge
system [12]. The location of persons wearing a special badge transmitting location data
using infra-red in an office was known. Their incoming phone calls were forwarded to the
closest phone in their location. We assign Active Badge the value of “3” in our context-
sensitivity scale. In 1993 Xerox developed the ParcTab, one of the very first palmtop
devices with software that acted as a mobile personal digital office assistant. Some of it was
context aware augmented. It presented information pertaining to the user’s location in the
building, helped locate nearest printer and other similar resources, show files associated with
a specific room or location when user entered the location, and help in locating other users
with the ParcTab. We assign Active Badge the value of “6” in our context-sensitivity scale.
Forget-Me-Not was an application added in 1994 to ParcTab for the purpose of recording its
user’s activities using notes and timestamp. We assign Forget-Me-Not the value of “7” in
our context-sensitivity scale. In 1995 the CyberGuide project explored a prototype of a
mobile context-aware tour guide. Its investigates how portable computers can assist in
exploring physical spaces and cyberspaces[13]. We assign CyberGuide the value of “3” in
our context-sensitivity scale. In the same year Stick-e Notes was invented as the electronic
equivalent of Post-it notes [14]. A Stick-e Note can be attached to a location or an event and
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invoked conditionally only when certain criteria were met. We assign Stic-e Notes the value
of “6” in our context-sensitivity scale.

In 1996 a system named Wearable Remembrance Agent came into being[15]. The system
runs continuously, proactively providing hints based on the physical context of the device. It
can provide notes that could be relevant in the user's current context. We assign this Agent
the value of “7” in our context-sensitivity scale. In 1997 the CyberDesk project team
published data on their work [16]. The CyberDesk uses informational context to change the
set of resident services and offer relevant suggestions to the user. Using informational
context to automate service integration the system integrates computerized user services.
Informational context refers to any artifact (e.g. words on a screen or a picture at a museum)
that a user is attending to. Examples of user services are: An e-mail browser, web-based map
service, contact manager. For instance, a user can be reading an e-mail message that has
information (Web address, e-mail address, routing, time sent etc.) on a new book written by a
favorite author. The user highlights the e-mail address, and the system gives him some
suggestions on what he can do: search on the author's name, save the contact information,
call the author, or send an e-mail. We assign CyberDesk the value of “15” in our context-
sensitivity scale. In 1998 StartleCam became public [17]. Using mobile computing, a camera,
and a skin sensor, the camera takes images automatically when the system senses
“excitement” via the skin sensor. The skin’s conductivity signal changes, and this is
correlated to arousal levels. We assign StartleCam the value of “7” in our context-sensitivity
scale.

The year 1999 seems to be very fruitful in the number of context aware related projects.
Georgia Institute of technology had at least three [18] context aware implementations. The
In-Out board gathers entrance and exit information about participants wearing a uniquely
identifiable iButton who enter and leave the premises at its single entry point. The data can
be displayed on any computer that has access to the system. We assign the In-Out Board the
value of “4” in our context-sensitivity scale. A user enters some personal information to The
Conference Assistant [19] which in turn then displays the conference timetable, highlighting
events of interest to the user. When entering a room where a presentation is given, the
Conference Assistant retrieves and displays information about the presenter. If presentation
material is available, the user can access it and annotate it. The annotated material data is
recorded with time stamps. We assign The Conference Assistant the value of “5” in our
context-sensitivity scale. The system nicknamed DUMMBO (Dynamic Ubiquitous Mobile
Meeting Board) is an instrumented digitizing whiteboard, which supports the capture and
access of informal and spontaneous meetings. Its inputs are Location, nearby participants Ids,
Audio, Image, timestamps. It stores the whiteboard drawing, conversation audio, and
timestamps. It is sensitive to people joining or leaving a predefined perimeter near the
whiteboard. We assign DUMMBO the value of “8” in our context-sensitivity scale. Smart
Sight [20] is a tourist assistant uses a GPS to determine its location along with some data
about the user as its context information. It is intended to translate from and to local
language, to provide information about landmarks, and to keep track of places the user marks
as interesting. We assign Smart Sight the value of “9” in our context-sensitivity scale.
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Circa the year 2000 HP revealed its vision of a technology future as demonstrated by the
CoolTown project. In this vision, devices and services are federated and are context-aware;
everything and everybody has a web presence, thus enabling the connectivity that is required
for some types of context aware applications [21]. We assign CoolTown the value of “17”
in our context-sensitivity scale. In 2001 Microsoft gave the world a glimpse of a context
aware project it is running. Microsoft’s EasyLiving is a ubiquitous computing project of the
Vision Group at Microsoft Research. It concentrates on smart homes and smart offices
[22].We assign EasyLiving the value of “20” in our context-sensitivity scale.

Now that we have organized and quantified the progress of Context Aware Computing, we
are ready to move to the next step: Fitting the data to the Pearl curve and analyze the results.

5 Fitting Context Aware Computing to the Pearl Curve

The calculation has several steps: setting up historical performance, calculating y for each
historical point, converting it to LOG10(y), calculating the predicted (fitted) value for each y,
calculating the intercept (“~A”) and the slope (“B”) of the curve then plugging those values
back into the Pearl formula to draw the fitted curve.

The intercept is the point at which a line will intersect the y-axis by using existing x-values
and y-values. The intercept point is based on a best-fit regression line plotted through the
known x-values and known y-values. We use the intercept to determine the value of the
Performance (dependent variable) when the Year (independent variable) is set to zero.

The equation for the intercept of the regression line is:

a=Y-bX

“b” is the slope of the regression line. It is the vertical distance divided by the horizontal
distance between any two points on the line, which is the rate of change along the regression
line. The equation for the slope of the regression line is:

noay-( xp( y)
n xz—( X}

Before we plot the fitted curve, we must make a hypothetical assumption about the value of
“L”, since it impacts the fitted curve.

b:

We plot two curves: one assuming L=300 and the other assuming L=3000. For L=300 we
assume an expected performance growth of about 13 times by the time growth rate becomes
insignificant. For L=3000 we assume an expected performance growth of about 136 times
by the time growth rate becomes insignificant. One may argue why these values, and why not
expect a growth of one thousand, reaching L=22,000. Let us examine this issue further.
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The selection of a hypothetical upper limit is an educated guess. For our purposes, we
assume that growth in context aware software would be similar to growth in other areas of
complex software. One source such area is Decision Support Systems. In [23] there is a
historical overview of DSS evolution since the 1970’s. We can use the historical growth and
their replacement or evolvement into a new paradigm as a proxy for context aware
computing. This is where we get an estimated value of “300”. It is also interesting to explore
an assumption that allows for ten times that growth. This is where we get the value of 3000.
Further, we believe that Knowledge Representation is a key enabler in the advancement of
context aware computing. We estimate this field has not exhibited performance growth by a
factor of three or more.

For the civil applications we obtained the following data and calculated the predicted (fitted)
value for “y”:

Year Performance =y/(L-y) Log10(y) Predictedy
1992 3 0.0101  -1.9956 3.5084
1993 6 0.0204 -1.6902 4.1416
1994 7 0.0239 -1.6218 4.8870
1995 4.5 0.0152 -1.8173 5.7641
1996 7 0.0239 -1.6218 6.7950
1997 6 0.0204 -1.6902 8.0052
1998 7 0.0239 -1.6218 9.4239
1999 6.5 0.0221  -1.6547 11.0847
2000 19 0.0676 -1.1700 13.0249
2001 22 0.0791 -1.1016 15.2868

For L=300 we get the following:
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For L=3000 we get the following:

Fitted to Pear Curve (L=3000)
Civil Applications
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For the military applications we obtained the following data and calculated the predicted
(fitted) value for “y”:

Year Performance y=y/(L-y) Log10(y) Predictedy

1945 3 0.0101  -1.9956 3.7282
1950 4 0.0135 -1.8692 4.5249
1955 6 0.0204 -1.6902 5.4886
1960 8 0.0274  -1.5623 6.6530
1967 10 0.0345 -1.4624 8.6970
1972 11 0.0381 -1.4195 10.5177
1980 16 0.0563 -1.2492 14.2160
1994 16 0.0563 -1.2492 23.8080
1996 30 0.1111  -0.9542 25.5874

Fitted to Pearl Curve L=300
Military Applications
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. /

0 T T T T T T
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Coefficients
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0.017055103 = B
0.919186866 Correlation
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Fitted to Pearl Curve L=3000
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6 Analysis

We must remind the reader that as with all predictions, these too are based on several
assumptions, some verifiable only in retrospect. The first assumption is that context aware
computing technology will exhibit growth patterns similar to the Pearl curve. Another
assumption is that we selected correct representative context aware applications. A third
assumption is that we have assigned those applications reasonably accurate performance
rating using our somewhat naive scale.

The raw data for each of the applications type and the calculated predictions show that
military applications have a significantly different growth pace than the ones aimed for civil
use. Further, assuming an identical ceiling of performance for both (regardless of the chosen
ceiling), civil applications will match the military applications in their abilities circa the year
2030 and then will always exceed the military applications. For example, civil applications
are predicted to reach a performance level of 200 at about 2050, while at the same time the
military applications will reach at the same time a performance level of about 130. However,
military related context aware computing will be a vital industry for a long time after the civil
related industry will reach a stagnation point. At about 2075 civil applications of context
aware computing will enter into the insignificant growth rate part of the curve, while the
military applications will still have about fifty years ahead of them before reaching a similar
turning point.

The fitted curve for civil applications with L=300 suggests that by 2007 context aware
computing will come close to the value of “40” on our scale. By that time, we estimate that
less powerful applications will have been commercialized and will have entered the business
world. For example, context aware meeting rooms will become common. By 2010 context
aware systems will exceed the value of “50” on our scale. Such systems will be capable of
handling "softer" information and much broader concerns than the mathematical models and
knowledge-based systems have been capable of handling thus far. Hence, the so-called
Business Intelligence systems will be replaced or augmented by context aware applications
that include consideration of much broader cultural, organizational, personal, ethical and
aesthetic factors. These will be required considerations of managers using support systems,
argue Mitroff and Linstone [24]. At this point in time context aware computing will become
commonly integrated into mobile personal devices, as well as into the homes and cars of
consumers, produced and marketed as commodities, not as a novelty.

The inflection point of a Pearl curve occurs at t=In(a)/b, when y=L/2. Consequently, our mid-
range analysis indicates that the development pace of Context Aware systems will start to
slow down by 2019. However, the pace will still be considerably similar and quite rapid until
2024, by which a more noticeable slow down will occur. By the year 2028 the rate of growth
will decline substantially, and the technology will reach maturity by about 2035.
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The fitted curve for military applications with L=300 suggests that by 2015 context aware
computing will come close to the value of “50” on our scale. One such application we
envision is an autonomous reconnaissance robot for urban terrain operations. Such a device
will function using very little remote supervision by human operators. Such a device could be
deployed by fire fighters, by disaster recovery teams, and even operated as a scout in hostile
environments by HAZMAT teams or military ground units. Response to environmental
stimuli will be enabled by sensors such as cameras, microphones, sonar, infrared sensors,
inclinometers, laser scanners, and micro-impulse radar, each specially tailored to a unique
system architecture. Sensors customized to specific missions may also be integrated into the
system. The nature or response remains to be seen, but existing technologies suggests that
without ethical and legal barriers, such a robot will have the ability and authority to open fire
autonomously on targets it classifies as enemy. On the other hand, such an apparatus may
operate as a medical aid, providing medical stabilization to humans in areas inaccessible to
other humans in a timely manner.

The inflection point of this fitted curve occurs in the year 2057. The development pace of
Context Aware military systems will start to slow down at that point, but the pace will still be
quite rapid until 2100, by which a noticeable slow down will occur. By the year 2125 the rate
of growth will decline substantially, and the technology will reach maturity circa 2030.

7 Conclusion

The calculations and their analysis are “mechanical” and explore one aspect of growth in the
area of context aware computing. Further forecast research is needed that would combine
forecast in technologies that are key to implementing context aware computing. For a better
assessment of these technologies a less naive context-sensitivity objective scale needs to be
developed. Human factors, such as the willingness of humans to use such systems need to be
considered. Discussing usage problems relating to decision support systems, the authors of
[25] write that “people have cognitive constraints in adopting intelligent systems; people do
not really understand the support they get and disregard it in favor of past experience and
visions; people cannot really handle large amounts of information and knowledge; people are
frustrated by theories they do not really understand; and people believe they get more support
by talking to other people (even if their knowledge is limited).” In this context, it is worth
exploring how much common sense should Context Aware Computing possess. Should an
average intelligent person have Context Aware Computing with “average” common sense, or
should such a system exceed its user’s mental abilities, and by how much? We must discount
the other alternative, a Context Aware system that exhibits “stupidity” or low levels of
“common sense”, as “stupid” systems have a record of discomforting or angering their users.
Forecasting the growth and key success factors of context aware computing is an area that is
currently wide open and thus proposes great opportunities for further research.
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