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ABSTRACT

Software systems are central to the infrastructure of modern
society. Modern computer systems are critically dependent on software
for their design and operation. User interface design can be critical to the
success or failure of computer system, and their development requires
an iterative design and evaluation process involving users at every stage.
The primary focus of the research work is on mobile communication
product in creating compelling user interface which is a gateway for
promoting, discovery, adoption and purchasing of new services. This
paper also briefly summarizes feature interaction problem which is
prominent in communication software. The motivation for this paper is
the original and abiding technical focus of human computer interface is
on the concept of usability. This concept was originally articulated naively
in the slogan "easy to learn and easy to use". A fundamental reality of
application development is that the user interface is the system to users.

Key  words : User Interface, Human ComputerInterface, Mobile
Computing, Usability, Formal Methods.

J. Comp. & Math. Sci. Vol. 1(1), 93-100 (2009).

1. INTRODUCTION

Human computer interaction (HCI) is
an area of research and practice that emerged
in early 1980s, initially as a specialty area in
computer science. HCI has expanded rapidly
and steadily for three decades, attracting profe-

ssionals from many disciplines and incorporating
diverse concepts and approaches. To a consi-
derable extent, HCI now aggregates a collection
of semi-distinct fields of research and practice
in human centered informatics. Until the late
1970s, the only humans who interacted with
computers  were  information  technology
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professionals and dedicated  hobbyists.  This
changed disruptively with the emergence of
personal  computing  around 1980. Personal
computing, including both personal software
that is productivity applications, such as text editors
spread sheets, interactive computer games and
personal computer platforms such as operating
systems, programming languages, and hardware,
made everyone in the developed world a potential
computer  user,  and  vividly highlighted the
deficiencies of computers with respect to usability
for those who wanted to use computers as
tools. The challenge of personal computing
became manifest at an opportune time. The broad
project of cognitive science, which incorporated
cognitive psychology, artificial intelligence,
linguistics, cognitive anthropology, and the
philosophy of mind, had formed at the end of the
1970s. Part of the programme of cognitive science
was to articulate systematic and scientifically
informed applications to be known as "cognitive
engineering". Thus, at just the point when
personal computing presented the practical
need for HCI, cognitive science also presented
the practical need for HCI, cognitive science
presented people, concepts, skills and a vision
for addressing such needs. HCI was one of the
first examples of cognitive engineering. Other
historically fortuitous developments contributed
to establishment of HCI  is software engineering
mired in unimaginable software complexity in
the 1970s, was starting to focus on nonfunctional
requirements, including usability and maintai-
nability, and non-linear software development
processes that relied heavily on testing. Computer
graphics and information retrieval had emerged
in the 1970s, and rapidly came to recognize
that interactive systems were the key to
progressing beyond early achievements. All
these threads of development in computer
science pointed to the same conclusion, the

way forward for computing entailed under-
standing and better empowering users. Human
factors engineering, which had developed many
techniques for empirical analysis of human
systems in so called control domains such as
aerospace and manufacturing, came to see HCI
as a valuable and challenging domain in which
human operators regularly exerted greater
problem solving discretion. These forces of
need and opportunity converged around 1980,
focusing a huge burst of human energy, and
creating a highly visible interdisciplinary project.

Although the original academic home
for HCI was computer science, and its original
focus was on personal productivity applications,
mainly text editing and spread sheets, the field
has constantly diversified and out grown all
boundaries. It quickly expanded to encompass
visualization, information systems, collaborative
systems, the system development process and
many areas of design. HCI is popular in many
areas including information technology,
psychology, design, communication studies,
cognitive science, management information
systems and industrial engineering. HCI
research and practice draws upon and integrates
all of these perspectives. As a result of this
growth is that HCI is now singularly focused
with respect to core concepts and methods,
problem areas and assumptions about infrastru-
ctures, applications, and types of users. HCI
has grown broader and more diverse than
computer-science. Research in Human-
Computer Interaction has been spectacularly
successful, and has fundamentally changed
computing. Just one example is the ubiquitous
graphical interface used by Microsoft Windows
95, which is based on the Macintosh, which is
based on work at Xerox PARC, which in turn
is based on early research at the Stanford
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Research Laboratory and at the Massachusetts
Institute of Technology1.

2. Literature review :

The user interface is arguably the most
important element of a computer-based system
or product2. It has long been recognized that
user interfaces should be designed iteratively in
almost all cases because it is virtually impossible
to design a user interface that has no usability
problems from the start3. The blueprint for a house
is not complete without a representation of
doors, windows, and utility connections for water,
electricity, and telephone. The doors, windows,
and utility connections for computer software
make up the interface design of a system.
Interface design focuses on three areas of
concern, the design of interfaces between
software components, the design of interfaces
between software and other nonhuman producers
and consumers of information, the design of
interface between a human and the computer.
Frustration and anxiety are part of daily life
for many users of computerized information
systems. They struggle to learn command
language or menu selection systems that are
supposed to help them do their job. Some people
encounter such serious cases of computer
shock, terminal error, or network neurosis that
they avoid using computerized systems. It is
true that graphical user interfaces, windows,
icons, and mouse picks have eliminated many
of the most horrific interface problems. But
even in a windows world we have encountered
user interfaces that are difficult to learn, hard
to use, confusing, counterintuitive, unforgiving,
and in many cases, totally frustrating. Yet,
someone spent time and energy building each

of these interfaces, and it is not likely that the
builder created these problems purposely. User
interface design has much to do with the study
of people as it does with technology issues.
Who is the potential user, how does the user
learn to interact with new computer based
system, how does the user interpret information
produced by system, what will be the user
expect of the system. These are only a few of
the many fundamental questions that must be
asked and answered as part of user interface.

User interface one of the important
component of computer based system. If the
interface is poorly designed, the users ability
to tap the computational power of an application
may be severely hindered. In fact, a weak
interface may cause an otherwise well designed
and solidly implemented application to fail. The
development of the user interface begins with
a series of analysis task. These include user
identification, task, and environmental analysis
and modeling. User analysis defines the profiles
of various end users and applies information
gathered from a variety of business and technical
sources. Task analysis defines user tasks and
actions using either an elaborative or object
oriented approach, applying use cases, task and
object  elaboration, workflow analysis, and
hierarchical  task representations to fully
understand the human computer interaction.
Environmental analysis identifies the physical
and social structures in which the interface must
operate. Once the tasks have been identified,
user scenarios are created and analyzed to define
a set of interface objects and actions. This
provides a basis for the creation of screen layout
that depicts graphical design and placement of
icons, definition of descriptive screen text,



specification and titling for windows, specifi-
cation of major and minor menu items. Design
issues such as response time, command and
action structure, error handling, and help
facilities,  are considered, as the design model
is refined. The user has a mental image or
system perception of the software that may
be different from the mental image developed
by the other users. In addition, the users mental
image may be vastly different from the design
model. The only way that a designer can get the
mental image and the design model to converge,
is to work to understand the users themselves
as well as how these people will use the system.
Information from broad array of sources can
be used to accomplish the task. User interviews
are most direct approach, sales input, marketing
input that is market analysis can be invaluable
in the definition of market segments.

3. Interface design model :

The overall process for analyzing and
designing a user interface begins with the
creation of different models of system function4.
The human computer oriented tasks that are
required to achieve system function are then
delineated, design issues that apply to all
interface designs are considered, tools are used
to prototype and ultimately implement the
design model and the result is evaluated by end
users for quality. Four different models come
into play when a user interface is to be analyzed
and designed. A human engineer establishes a
user model, the software engineer creates a
design model, the end user develops a mental
image that is often called users mental model
or the system perception, and the implementers
of the system create a implementation model.
Unfortunately, each of these models may differ

significantly. The role of interface designer is
to reconcile these differences and derive a
consistent representation of the interface. The
user model establishes the profile of end users
of the system. To build an effective user
interface all  design  should begin with an
understanding of the intended users, including
profiles of their age, sex, physical abilities,
education cultural or ethic background, motivation
goals and personality. In addition users can be
categorized as novices, knowledgeable, intermittent
users, knowledgeable, frequent users. In
novice user no syntactic knowledge of the
system and little sematic knowledge of the
application or computer  usage.  In know-
ledgeable,  intermittent  users  reasonable
semantic and syntactic knowledge of the
application is known but relatively low recall
of syntactic information is necessary to use
the interface. In knowledgeable and frequent
users, good semantic and syntactic knowledge
that often leads to power use syndrome, that
is individuals who look for short cuts and
abbreviated modes of interaction.

A design model of the entire system
incorporates data, architectural, interface and
procedural representations of software7. The
requirements specification may establish
certain constraints that help define the user of
the system, but the interface design is often
only incidental to the design model. The users
mental model is the image of the system that
end users carry in their heads. For example, if
the user of a particular page layout system were
asked to describe its operation, the system
perception would guide the response. The
accuracy of the description will depend upon
the users profile and overall familiarity with
software in application domain. A user who
understands page layout fully but has worked
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with specific system only once might actually
be able to provide more complete description
of its function than the novice who has spent
weeks trying to learn the system. The imple-
mentation model combines the outward
manifestation of the computer-based system,
coupled with all supporting information that
describes system syntax and semantics. When
the implementation model and the users mental
model are coincident, users generally feel
comfortable with the software and use it
effectively. To accomplish this melding of the
models, the design model must have been
developed to accommodate the information
contained in the user model, and implemen-
tation model must accurately reflect syntactic
and semantic information about the interface.
The models described in this section are
abstractions of what the user is doing or thinks
he is doing or what somebody else thinks he
ought to be doing when he uses an interactive
system. In essence

Fig. 1
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The analysis and design Model for user
interface is iterative and can be represented
as:
The user interface design and modeling process
encompasses four distinct framework activities5.

1. User, task, and analysis and modeling.

2. Interface design

3. Interface construction or Implementation

4. Interface validation

Here each task will occur more than
once, with each pass around the route will have
additional elaboration of requirements and the
resultant design. In most cases, the construction
activity involves prototyping- the only practical
way to validate what has designed. Interface
analysis focuses on the profile of the users who
will interact with the system. Skill level, business
understanding, and general receptiveness to the
new system are recorded, and different user
categories are defined. For each user category,
requirements are elicited. In essence, the design
engineer attempts to understand the system
perception for each class of users. Once general
requirements  have  been defined, a more
detailed task analysis is conducted. Those tasks
that the user performs to accomplish the goals
of the system are identified, described, and
elaborated. The information gathered as part
of the analysis activity is used to create an
analysis model for the interface. Using this
model as a basis, the design activity commences.
The goal of the interface design is to define a
set of interface objects and actions that enable
a user to perform all defined tasks in manner
that meets every usability goal defined for the
system.The construction activity normally
begins with the creation of a prototype that
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enables usage scenarios to be evaluated. As
the iterative design process continues, user
interface development tools may be used to
complete the construction of the interface.
Validation focuses on the ability of the interface
to implement every user task correctly, to
accommodate all task variations, and to achieve
all general user requirements. It also concentrates
on the degree to which the interface is easy to
use and easy to learn. Even the best usability
experts cannot design perfect user interfaces
in a single attempt, so a usability engineering
lifecycle should be built around the concept of
iteration6.

4. Feature interaction problem :

          Personal mobility is probably the most
desired of all mobile computing applications but
it presents many design difficulties, as the
functional dependencies and interaction with
the other major feature are challenging. A
feature is an increment of functionality with a
cohesive purpose. A complex feature may
entail several separate functions. Its implemen-
tation may be decomposed into several feature
box types, each type implementing one or more
feature functions. It may also have dedicated,
persistent operational data. The feature may
have behavioral variation some functions are
optional and some can be performed in different
ways. Most multifunction features can be
decomposed into feature boxes in several
ways. Designers often need this freedom. A
finer grained decomposition allows simpler and
more reusable components, the feature is
easier to customize by changing components.
Also many necessary interactions among
functions are provided by architectural infras-
tructure and need not be coded.

4.1 Address translation :

In every communication protocol,
request for communication carry atleast two
addresses a source object indicating which
object is making the request and target address
indicating which objects participation is being
requested. Address translation is a function
performed by some features, it consists of
modifying a request for communication by
changing its source address, target address or
both. Once the addresses and features are
associated with the concepts and purposes in
the user domain are known, the ambiguity is
reduced and judgments are possible. Then
examples of bad feature interaction due to
address translation are easy to find.

4.2 Out line of a solution :

The first component of a proposal
solution is a formal model of the aspects of
mobile computing related to address translation.
The model makes it possible to formalize
address translation and its effects, so that feature
interactions can be predicted and management
mechanisms can be defined. The model itself
is a part of the solution, as it has the capability
that it is not founding many mobile communication
protocols.In mobile communication, an address
can be associated with a device such as a smart
phone, Blackberry or any other PDA. The
distinction between device and a feature set is
important because a device is an interface to a
person, where set is program. All communi-
cation protocols supports request for communi-
cation. A request carries two addresses a
source address indicating which object is
making the request and target address
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indicating which objects participation is being
requested. Request chains set up all the
communication connections. A request chain
is a chain consisting of requests and modules,
where each module is an interface module or
feature module. An interface module provides
an interface to telecommunication device. A
feature module instantiates a feature set.

4.3 Mathematical model :

The device with address a1 is requesting
communication with address a2. Its interface
module initiated the request chain with those
addresses. The network router, routed the first
request to the source feature module of s1,
containing those features applicable to a chain
whose source is s1. A module continues a
request chain by making an outgoing request
that corresponds to an incoming request it has
already received. The source module of s1
continued the chain, in doing so changing the
source address from s1 to s2. As a result of
this change, a network router, routed the
outgoing request to the source feature module
of s2. The source feature module of s2 also
continued the chain with no additional source
modules to route to the target feature module
of t2. It contains those features applicable to
the chain whose target is t2.

Formal methods is the use of ideas and
techniques from mathematics and formal logic
to specify and reason about computing systems.
Formal methods are used in academia and
varying degrees in industry. The safety critical
aerospace domain and mission critical defense
application are the two key areas to which formal
methods have been successfully applied.

Formal methods can be used to model the feature
interactions, the use of formal descriptions of
base systems B and description of features f1
and f2, and a feature composition operator  
and correctness assertions 1 and 2 and
(f1)=1and (Bf2)=2. There is a undesi-
rable interaction if (B  f1)  f2 (1  2) or
(B  f2)  f112. Numerous formal
languages have been used to describe the
systems and properties and numerous tools
have been used to perform the analysis.

The approach to feature interaction in
this paper is different in important ways, It
recognizes the existence of good feature inte-
ractions, such as the interaction between the
target feature model and the correspondence
source model. The formal methods provide
effective and efficient way in specific applications.
The application of experience is very produc-
tive in solving feature interaction problem.
Experience can be beneficial and generalized
to cover all features in large class, including
features that have not been specified or imple-
mented yet. The work goes beyond diagnosis
to cure and prevention. The research on feature
interaction is focusing on policies for managing
feature interaction. The fundamental idea of
feature interaction a feature that works in
isolation should also work when together is
maintained.

CONCLUSION

This work was initiated to solve domain
specific problem in software product engineering
using mathematical model. Although there was
no other goal, the results have significance for
requirements engineering, extensibility and
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component coordination in a much wider range
of applications than the original problem
domain. This is the evidence of the richness
and potential of domain specific research.
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