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4 System Architecture
In this section we describe the architecture of the environment.

The software/hardware system architecture is depicted in Figure 5. The
hardware platform consists of one or more workstations connected by ether-
net. A workstation can be any that will run the NeXTSTEP  environment.
Platform cluster(s) may contain heterogeneous machine types. The NeXT
workstations run the Mach operating system in coexistence with BSD UNIX.
However, on other platforms such as HP’s, Sun’s, PCs’s, etc the operating
system may be different. The PC platform is scheduled to be released in the
first quarter of 1993; releases for the other platforms are scheduled for 1994.

NeXTSTEP  comes with a user level layer of source code, applications
and GUI components. In Figure 5, this is labeled ‘The Integration Layer’.
The environment code is integrated with NeXTSTEP  through two of the
component applications in the user level layer, called Project Builder (PB)
and Interface Builder (IB). PB is the vehicle for generating new custom
objects. IB is the mechanism for manipulating the existing environment
objects and incorporating them into the user’s applications.

Like all object classes created using NeXTSTEP,  the environment’s ob-
ject classes are specializations on the existing NeXTSTEP  classes. Figure 6
depicts the environment’s class objects and their relationship to the built-in
NeXT classes. The environment’s classes correspond to the new nodes added
to the NeXTSTEP  class hierarchy graph (shaded).

All of the environment’s object classes inherit attributes from a set of
NeXT classes unless an attribute has been overridden. One very useful subset
of the inherited attributes is called the Inspector. Inspectors are software
code modules which empower the user by allowing the non-programmer to
perform two tasks otherwise not feasible. These tasks are: viewing and
manipulation of the attributes of an object, and connection of an object’s
input variables to the output variables of other code modules.

In the NeXT Objective C terminology, input/output variables are referred
to as inlets and outlets. Typically the user will utilize the IB and an inspector
to put together software components by connecting the inlets and outlets of
an object which will represent the human-machine interface. To the user,
this corresponds to the pointing and clicking on icons and menus, and ‘drag
and drop’ of objects as described in the introduction.
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5 Summary, Conclusions, and Future Direc-
t ions

In this section we present a summary of our accomplishments, our conclu-
sions, and a brief description of future directions that our research may take.

5.1 Summary and Conclusions
In our view a rapid prototyping system is one which supports the research,
design and development process by providing facilities for very quickly simu-
lating the full scale or physical prototypes that have been traditionally used
in the application area. We have identified the following goals and features
for such a framework. It must

1. support the existing design procedures in the application area,

2. promote evolution of the existing design process,

3. employ integration of heterogeneous subsystems,

4. provide automation and visualization tools,

5. integrate data acquisition tools,

6. accommodate the naive computer user.

In addition to determining the necessary features, we have investigated the
feasibility of our generic approach to rapid prototyping human-machine in-
terfaces as applied to advanced driver interface systems. We have addressed
support for all of the six features to some extent because we have realized
a primary enabling technology (CASE for ADIS). However, we have limited
the scope of our in-depth investigation to two of the six features. These are
numbers 4., automation and visualization tools and number 6., a user inter-
face for naive computer users. We have accomplished this through transfer
of existing CASE technology to the problem domain of rapid prototyping
advanced driver interface systems. Empirical observation of the interaction
of computer users (undergraduate IEOR students) has been carried out over
two (16 week) semesters. In our opinion the observations show that the au-
tomation and visualization tools we have developed are sufficient for naive
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computer users to rapidly explore and produce a variety of designs for human-
machine interfaces and ADIS. The implications of our observations are that
the environment has the potential for greatly improving the existing methods
of design prototyping ADIS, just as it was observed to do in the classroom
test-bed. Significant cost reductions, increased reliability, shorter design cy-
cles and more complete investigation of possible design alternatives are some
of the benefits that rapid prototyping of ADIS  has to offer. Perhaps most
importantly, the designer is empowered to use tools that might otherwise not
be directly accessible.

5.2 Future Directions
During the process of investigating the feasibility of our approach, we have
become aware of additional issues that need to be addressed.

These are:

1. how to support heterogeneous data formats,

2. the need for a generic mechanism for managing data.

Although there is nothing data format specific in any part of the environment,
developing the palette for ATIS  maps would have been easier if we had some
mechanism predefined for handling disparate data formats. We can expect
that specifics required to address this issue will be forthcoming in the form
of industry standards. A part of our future research should be continuing to
track and assess emerging standards.

Another area of future research must be investigation into a generic strat-
egy for management of data. From one view of the system, data is encapsu-
lated and hidden in object instances. However, we have not addressed the
high level management of this data; see Section 3. In the current implementa-
tion of the environment we have encoded a small subset of the many possible
design constraints, and we have not integrated any modular modeling and
simulation components. Therefore it has been feasible for the system to func-
tion without a data management subsystem. However, in order to increase
the scope of the research we must provide a subsystem capable of handling
large amounts of data.

Our future work will include the development of additional object classes
to represent a larger variety of objects. We would like to span the set of
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objects required to investigate the human factors issues inherent to all of the
different kinds of human input/output. There are areas of visual i/o as well
as the entire area of sound, and most of the tactile issues that have not been
addressed. Once we have a set of objects spanning these , we would like
to design and run experiments so that we may characterize the ergonomic
constants of the objects as predictors of human interaction with the end user
product. This will require expanding the scope of the research to include
modeling and simulation components.

We would like to build a complete complement of modeling components
that we may use to simulate I/O for objects. In connection with this goal,
the methodology for incorporating heterogeneous model components needs
to be addressed. Again, data management lies at the root of this issue, and
it is the next enabling technology we will need to realize.

As a part of the process, we will determine the requirements, specify,
and develop the methods and classes required to manage the environment’s
data. We will develop our own models and those collected from others to
validate the approach as a means for integrating heterogeneous components.
In connection with the ergonomic issues described above, some of the models
we wish to integrate will be human performance models. Human performance
models can be used to implement design rules checking and to investigate
the feasibility of developing an intelligent designer’s assistant as a part of the
system.
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