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I. EXECUTIVE SUMMARY

This report describes a line of research working toward an integrated, tool-supported approach to
Cognitive Task / Work Analysis (CTA / CWA) as a means of studying cognitive systems in
context with the goal of (1) designing support systems (e.g., training system, decision support
system) or (2) evaluating human performance/cognition in complex domains. Specifically, it
discusses the development of computer-based tool support for CTA with the goal being to have
CTA as an integral part of an iterative software/system development process. Thus, this effort is
not oriented toward automating knowledge acquisition; rather toward supporting the integration
of results from CTA efforts into system development and/or evaluation efforts.

The goal of this report is to document the development of an integrated, Cognitive Systems
Engineering (CSE) based software/system development process supported end-to-end by
computer-aided tools (as depicted in Figure 1) to build highly effective decision support systems
(DSSs) within information warfare, command and control, and other complex military (as well as
commercial) applications.

Our tool will be referred to herein as the Computer-Aided Cognitive Systems Engineering
(CACSE) tool and will serve as the integration point between insights gained from an apriori
CTA and the design artifacts that support the resulting software engineering development
activities. This is expected to result in a seamless design database, from fundamental cognitive
demands through software design artifacts to the resulting implementation of the DSS. This has
the potential to build more effective DSSs, designed specifically to critical cognitive demands.

This CACSE tool supports cognitive engineers in capturing and maintaining the essential
cognitive issues and relationships developed through a CTA. It supports a robust CSE
methodology adapted from Rasmussen (1986) yet is sufficiently flexible to incorporate results
from multiple, complementary CTA approaches into the design data base. This is designed to
increase the maturity level of current approaches to Cognitive Systems Engineering and
Cognitive Task Analysis — especially the weak or non-existent coupling of CTA results to the
software development process.

Moreover, this has begun to be a tool for software developers to maintain awareness of the
"design basis" underlying the resulting system requirements and specifications by forming a
maintainable, traceable component of the functional design. Thus, our objective was to develop
a software-based tool that simultaneously and seamlessly aids the experienced CTA analyst in
the modeling and documentation aspects of the CTA process and the equally experienced -
software developer during the construction of the resulting DSS.

The primary benefit of an integrated, tool-supported process is expected to be the radical advance
in the impact of CTA results on the resulting DSS design. The resulting system design, from
user interface presentation to underlying representations, all the way to sensor placement will be
based on the apriori CSE analysis. To facilitate this, the development environment will be
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Figure 1. The SBIR vision - an integrated, CSE-based DSS development process where CTA products
directly support software development artifacts resulting in an efficient process for effectively supporting
cognitive demands identified by the CTA and maintaining these links throughout an iterative design
process.

seamless, affordable to maintain, and dramatically improve a spiral, iterative design process.
This will be in addition to productivity benefits from the introduction of a CASE-like power tool
for improving the efficiency of the CTA process.

A second benefit of taking advantage of advances in computer technology (as has been done for
CASE tools) is the potential for collaborative computing support communication and
coordination of CTA results among design team members distributed within and across
development organizations. System developers using the CACSE-supported process would
deliver fully functional DSSs that embody solutions to the cognitive demands of the domain and
provide dramatically improved joint (human + DSS) decision-making effectiveness — a critical
component of information dominance.

As an approach to this vision, the following sections will include results from the major tasks in
this development phase of the project, as they instantiate the requirements defined in the first
phase. These include:

e A scenario of use of the CACSE tool, describing current functionality;
e The CSE development process oriented toward supporting software development;

o A case study of the use of CACSE to support visualization design for a Command
and Control domain;

o A Users Manual to describe the features of the CACSE tool.



II. SCENARIO OF USE — CACSE IN ACTION

A. Introduction

It is difficult to describe a DSS in functional terms that effectively convey the intent. One way to
provide some description of the "look and feel" of such a system is to describe a hypothetical
user in front of the system carrying out his or her mission. The user’s interactions with the
system are representative of the operation of the system, and the usefulness and impact of the
system can be visualized. This script is often called a "scenario of use."

In order to visualize the decision support provided to users of the CACSE tool, one sample
session is described below. In order to make certain aspects of the system explicit, or to clarify
certain points, commentary is added to the basic script in the following manner:

Any commentary will be presented in this style. It is intended to be read in a manner like stage
directions in a play; i.e., to add clarity to the actual occurrences presented in the main script.
This style will be used to clarify points about the system, or to point out differences between
various options. This is particularly important where the "user" in the scenario takes one
particular action when several alternatives will be possible in the actual system. The alternative
options can be reviewed in this style, while the primary option will be the one chosen by our
user.

Note: the following sections are based on current functionality of Operational Prototype (OP)
3.0 of CACSE (delivered 31 Jan 2000). This scenario is intended to convey the end result of this
development phase, while at the same time point to potential enhancements. The performance of
the system described here exists today, but the actual performance of any implemented system
may differ considerably based on users’ desires and other factors. This scenario is intended
primarily to help the reader envision the kinds of support possible from the current system.

B. The Characters:

WP-CSE: The Wright Patterson Air Force Base Research Lab Cognitive Systems Engineers.
This is a notional target user base, with an established stable of CSE literate, practiced engineers;
they have become part of the USAF’s program development process. They routinely get asked to
perform the initial CSE for a new program. They are part of a larger system development team.

WP-SW: The software engineering team assigned to create the actual DSS.

WP-PM: The Program Management office charged with building the system.



C. The Starting Point

This scenario is designed around a fictitious Information Warfare development project to
demonstrate potential use within this domain and to avoid any use of classified data required to
accurately depict real IW applications.

The WP-CSE Engineers have just started a new project. As part of a larger USAF program to
develop an “Information Warfare Counterstrike Command Center” (IW-CCC), the WP-CSE
designers have been asked to define a remarkably challenging DSS design. They received a
system “mission statement” from the PM:

“Develop a suitable command center that provides situational awareness and
supervisory decision-making for monitoring the progress of an enemy attack on
computers, software, and networking, the automatic counterstrike deployments
launched by the software protection systems built into the systems, and the high
level supervisory decisions which must be made by the Shift OIC of the IW-
cce”

While there has been extensive work on C? centers, network operations centers, etc., the WP-
CSE team is breaking some new ground ~ the IW fight unfolds extremely rapidly, placing human
decision makers at an incredible disadvantage, under incredible time pressures, and highly reliant
on automatic agents to make what seem to be instantaneous decisions that have a substantial
impact on the friendly operations themselves. The supervisory decisions to isolate portions of
networks can have very disruptive effects on friendly operations. The decisions are mission
critical, expensive, and often have no clear “right answer”... acting too late increases enemy
damage... acting too soon/or when not warranted creates damage of its own on the friendly
information systems.

D. CACSE Comes Online

The WP-CSE team has spent considerable time learning the basics of the IW domain. From
discussions with a couple of subject matter experts (SMEs) that not only understand the issues,
but also have the ability to explain it, the WP team has some ideas for the beginnings of the
functional structure.

The CACSE tool now facing them was built to support the underlying science arising from the
work of Rasmussen (c.f., Rasmussen, 1986; Woods and Hollnagel, 1987; Rasmussen, Pejtersen,
and Goodstein, 1994; Roth and Mumaw, 1995; Vicente, 1999). It does not replace their
engineering judgment and skills, but it provides never before possible support features to
improve the productivity and quality of their efforts. It is a DSS designed to aid the design of
DSS’s. Like any DSS it supports a knowledgeable professional, it does not replace the human in
the loop.

It is important to emphasize that the goal of the CACSE tool is NOT to create a tool that
automates and simplifies the application of CTA methods so that people with minimal expertise



can use them, but to develop software tools that aid the experienced CTA analysts in the
modeling and documentation aspects of the CTA process to yield a more useful product that
makes direct contact with the software development process and supports communication and
coordination of CTA results among design team members distributed within and across
development organizations. (Just as a good CAD tool does not make a novice into an architect.)

E. The CACSE power tool pays off

The WP-CSE team comes together for an initial design meeting. One member has volunteered to
fly the CACSE tool, now projected on the wall to help the discussion along. During this
meeting, an initial concept map built by one of the team members is used as the starting point and
a functional structure begins to take rough shape.

This functional abstraction hierarchy (FAH) is one of the initial design artifacts, forming the
“skeletal structure” of the information organization to come. It will drive even the navigation
between screens in the resulting GUI (Graphical User Interface) far downrange in the design
process.

As the discussion progresses, the Functional Goals of the IW-CCC domain (and their inter-
relationships) begin to be recorded and organized in the FAH. The functional structure grows
and shifts on the wall as the discussion progresses. Over the next few days, the key CSE
engineers come to a consensus on a reasonable initial design for the functional structure.

The CACSE tool provides the “CAD-like” features it needed to define the nodes in the functional
structure. They are automatically numbered for easy reference by the CACSE tool. The editing
features: to add names, annotations, the “is composed of” decomposition relations, and other
types are key components of this initial CSE step. Similar in many ways to the features of a
software engineering team’s CASE environment’s support for defining OMT-style objects, the
CACSE features’ heritage is evident. By reusing many of the same techniques, CACSE was able
to exploit many of the lessons learned from the CASE tool developers... getting a jump start on a
mature system.

Major Williams, a WP-CSE team member, leaves the meeting with a plotter printout of the
Abstraction Hierarchy that has an area highlighted. This is his portion of the IW-CCC domain to
complete the CSE design thread from here on out. As he returns to his workspace and logs back
in to CACSE, he notices several other team members have already begun expanding the analysis.
It’s easy to see from the overall view provided by the tool. Maj. Williams gets started by
tailoring a view to show just the functional goal nodes within his area.

As the work progresses, Maj. Williams adds additional depth and breadth to the structure. As he
works near the ‘edge’ of his assigned piece of the structure, he opens a “read only” copy of a
functional goal object from Captain Smith, another WP-CSE member. Since there was an
explicit relation between the two goals, Maj. Williams needs to understand the two perspectives
to make sure they come together into one seamless overall design. He gets a read only copy
since Captain Smith has that object open as part of his design effort.




The current version of the tool has implemented “ownership” locking to serve as a starting point
for a distributed / collaborative work environment. SW Engineering experiences have indicated
that this is too restrictive, as it really impacts the productivity of the team to have to wait for an
“owner” to make changes. The ideal solution (for future versions) will be to control the access
administratively. Such collaboration features are critical to having multiple CSE engineers
working in parallel, as well as working together with the multiple SW engineers. Collaborating
across the disciplines depends even more heavily on the features of the design environment.

F. Integration/Tailoring of the Methods

Maj. Williams has done CSE on a couple other systems already. He was trained as part of the
WP-CSE team to dramatically improve the effects of the massive amount of C2 software being
purchased by the USAF. The CSE methodology being used for the IW-CCC is a ‘second
generation’ method, adapted and improved from the original. The “first generation” CSE method
was very effective at doing CSE, but wasn’t exactly suited to an on-line, tool-supported, version.
More importantly, the first generation method didn’t couple well with the software engineering
design products. When it came time to build the run time DSS the SW engineers had to rework
the complete design, and then couldn’t keep the two perspectives for very long. The second
generation methodology actually changed both the software engineering and CSE methodologies
to “meet in the middle”.

Maj. Williams’ piece of the design included one of the top-level decisions: “Monitor the
automatic activation of Software Counterattack measures.” Supervisory, high level displays like
this are where CSE really adds value (the simple data displays at the bottom of the abstraction
hierarchy are much more straightforward, even though they still profit from good HCI
visualization practices). So far, Maj. Williams helped define the Functional Node: “Employ IW
Counter Attack Measures.” For that node he then added the following key decisions: “Monitor
automatic actuations,” “Detect failure to automatically initiate,” “Manually disable automatic
initiation,” and “Manually initiate countermeasures.” (This functional node is a supporting goal
beneath the higher level goals related to “Monitoring the success of countermeasures.”) The
Functional Goal “Employ counterattack measures” is visible on the screen. It shows explicit links
to each of the Goals listed above. Maj. Williams selects the goal node, allowing both functional
processes and decisions to be visible.

Maj. Williams selects the “Monitor automatic actuations” decision object. There are some
design rationale notes he added earlier, as well as a couple inserted by Captain Smith about how
it relates to some similar ‘monitor automatic...’ things in another part of the system. All of these
‘monitor automatics...” are specializations of the more general ‘monitor automatic triggers”
which in turn are specializations of ‘monitor’ decision object. These generalizations were reused
from a library of CSE templates the WP-CSE team maintains. This library is routinely offered to
other CSE practitioners across the USAF.

This component library is anticipated to be a part of future versions of CACSE, as a case-study
library is built up. This is an example of the influence of object-oriented methodology on



CACSE design. Parent-child relationships between objects and inheritance is a major
advantage of the OO approach. Exploiting similar relationships forms the basis of the CSE
templates.

After selecting the “Monitor Automatic Actuations” decision, Maj. Williams adds an object for
Information Requirements, giving it the object name of “CounterAttack Method X, Trigger
Logic.” Inside that object he completes the attributes:

o Description — additional descriptive text;
e Rationale — underlying reason for the identification of this information requirement;

o Supporting Data Elements — the data that comprise this information requirement.

There can be many of these information requirement objects for a particular decision, as it is a
one to many relation.

G. Transition from Modeling to Visualization Design

After some time, Maj. Williams has been able to fairly well complete the front-end of the
“Design Thread” for his piece of the design — defining goal / process nodes, annotating decisions
onto their home within this FAH structure, and specifying information requirements for each of
these decisions. There are still missing data elements for several of these information
requirements, but he will fill those gaps after meetings with the WP-SW group next week. This
does not hinder his ability to make progress in CACSE, however — nodes below “decisions”
(information requirements and data elements) are not mandatory for completing the design
thread.

Throughout this analysis-centered period, there have been (as is the case with any design project)
visualization concepts proposed by different members of the WP-CSE team. Maj. Williams has
collected and saved these design concepts (putting together quick mock-ups in his favorite
drawing application). Now, in CACSE, he has created a representation of these design concepts
and linked them to their respective files in his drawing application. Working in CACSE, he links
the visualizations together to represent the workspace layout.

CACSE is not designed to replace COTS tools for drawing and mocking up prototypes. It can,
however, in OP 3.0 provide direct links between the supporting design thread and the resulting
instantiation of the visualization concept.

Now that the front-end of the design thread is fairly well complete, Maj. Williams starts a more
disciplined design process. He starts thinking about reasonable boundaries for groups of
decisions that will be supported by the visualization designs. He then “attaches” these decisions
to elements in the display space. These connections between decisions and display elements
define the context and information requirements for the display elements. Now, he has a
specification (all the information requirements and supporting data elements for each display
element) to use as his basis for visualization design. In a couple cases, the early sketches serve
as an excellent starting point for the solution. Using the information requirements, Maj.



Williams easily identifies necessary modifications to existing visualizations. In other cases, none
of the display concepts address specified information requirements, so Maj. Williams begins
working from scratch to lay out ideas.

CACSE uses a portion of the display space model of Woods (visualizing function book) in which
the display workspace is composed of integrated process views that are further decomposed into
graphical forms. Decisions can be attached to a process view when it is the collection of
graphical forms that, in parallel, address that particular decision requirement.

H. Closing the loop — Design Checking forward and back

The GUI Lead engineer from the WP-SW team is working on the software already. It’s typical
for the schedule compression to require greater than ideal parallelism. Based on Maj. Williams’
work, CACSE has generated the basic GUI structure based on the unified CSE-SW Engineering
methodology (exploiting the 1:1 relationship between DTD and GUI Window Object). The GUI
SW Engineer picks up the design “on the fly” and begins to expand the software particular
aspects of the design.

The critical issue here is that the products of the CTA “end” of CACSE directly support the
software developers in their modeling, design, and development processes.

As the IW-CCC initial version is completing system testing, the WP-CSE team receives an alpha
release to begin decision-centered testing. The CSE team had to wait until the software passed
unit and system testing, when it was stable enough to be stressed with real users in realistic,
decision-centered tests. Before the use of CSE in system development, the testing of a DSS
ended when the software team completed system testing, verifying that the software performed
the functional requirements. Now that’s the starting point for a whole new level of testing: Does
the DSS, captured in those functional requirements, help human decision-making effectiveness?
Have we built the larger Human-DSS system well?

During the execution of the decision-centered test case for “Monitor Automatic Actuation,” five
out of six shift supervisor test subjects expressed some confusion with the display, and the sixth
misinterpreted the information being presented. In reviewing the verbal protocols from these test
subjects and in post-test review questioning, the WP-CSE team immediately recognized a classic
cause. The team realized that the functional map was missing a component of the domain’s
CounterAttack options. Because it had been omitted from the model, the IW-CCC shift
supervisors were not provided with a key piece of information about that particular option, and in
searching for it, lost track of the decision they were working. They dedicated too much cognitive
“work” to the search.

Maj. Williams goes back to the functional model and inserts the new object into the functional
abstraction hierarchy. Each of the impacts on functional goal objects, and their associated
decision objects, information needs, and GUI objects reflect the need to update these objects to
restore the overall CSE-SW design database to a consistent condition. Maj. Williams has
responsibility for all the CSE objects and begins to ‘walk’ the changes across the Decision



objects, Information Requirements objects, and to the Display objects. He uses the top-down and
bottom-up query feature to identify functional goals that are not supported by displays, decisions
that have become “orphaned” (not attached to functional goals) or detached from displays. As
the size of the model and supporting artifacts becomes large, these query features become
invaluable.

He is sure his counterpart on the SW team will be working on the necessary changes to the
software Object Model to reflect the changes. Already, the CSE testing team has put Maj.
Williams’ storyboard of the new display to a part-scale test with two of the test subjects... they
got the key decision right this time. These results are entered into the CACSE design database
on the appropriate storyboard object.

This kind of consistency / completeness checking is common in CASE environments. CACSE will
broaden the capability to include the state of the CSE design. This will prove to be a major
benefit of CACSE — supporting the maintenance of CTA models during an iterative design
process.

l. Summary

This scenario has demonstrated many of the potential benefits of the development of an
integrated, Cognitive Systems Engineering based software development process supported by the
CACSE tool. As indicated herein, this tool will generate a seamless design data- base, from
fundamental cognitive demands through software design artifacts all the way to decision
effectiveness test cases. This will result in a radical advance in the impact of CTA results on the
resulting DSS design.



III. CSE DEVELOPMENT PROCESS ORIENTED TOWARD
SUPPORTING SOFTWARE DEVELOPMENT

A. Introduction

The goal of this section is to lay out a CTA process that orchestrates different types of specific
CTA techniques in order to provide design relevant CTA results and integrate CTA results into
the software development process. Then, we can describe how our CACSE tool supports this
CTA process, provides support for the CTA modeling activities, and provides results that can
integrate into the software development process. A major insight that emerged from the
development of this CSE framework is that in order to have maximum impact on the software
engineering process, what is needed are not only software tools to automate aspects conducting a
CTA or increase its speed or efficiency, but also coordinated methodologies and tools that would
facilitate integration of the insights gained from conducting the CTA into the software
development process. The results of this effort have provided the initial target for supporting the
difficult and far from seamless transition from an isolated CTA effort to an integral and critical
part of developing useful as well as usable computer systems.

To support development of computer based tools intended to aid cognition and collaboration we
have found, first of all, that CTA is more than the application of any single CTA technique.
Instead, developing a meaningful understanding of a field of practice relies on multiple
converging techniques in a bootstrapping process. This bootstrapping process has been used to
model cognition and collaboration and to develop new online support systems in time pressured
tasks such as situation assessment, anomaly response, supervisory control, and dynamic
replanning across domains such as military intelligence analysis (Potter et al., 1997), military
aeromedical evacuation planning (Cook, et al., 1996; Potter et al., 1996; Walters, et al., 1996),
military command and control (Shattuck and Woods, 1997), commercial aviation (Sarter and
Woods, in press), cardiac anesthesia (Cook and Woods, 1996), space shuttle mission control
(Watts, et al., 1996), and nuclear power plant emergencies (Roth et al., 1997).

Our approach to CTA is best depicted in Figure 3. The left side of this figure is intended to
convey how CTA is an iterative, bootstrapping process focused on understanding both the
domain (mapping the cognitive demands of the fields of practice) and practitioners (modeling
expertise and cognitive strategies) through a series of complementary (empirical and analytical)
techniques. As indicated by the right side of Figure 3, the CTA process continues into the
design/prototype development process. The CTA model (the output of the left side) becomes the
initial hypothesis for artifacts embodied in the design prototypes which in turn are used to
discover additional requirements for useful support (Woods, in press).

Critical issues addressed by this framework include the need for:
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Figure 2. Detailed depiction of an integrated approach to Cognitive Task Analysis within an iterative
system development process. Phases within the CTA process are represented by vertical columns and the
domain world / practitioner distinction (within the field of practice) is represented by the horizontal rows.
Time is on the abscissa and growth of understanding is on the ordinate. CTA products/artifacts are
represented by the nodes along the activity trajectory. )

Multiple, coordinated approaches to CTA. No one approach can capture the richness
required for a comprehensive, insightful CTA. However, in an iterative manner, a
set of approaches can successively (and successfully) build the required
understanding.

Analytical and empirical evidence to support the CTA. Analytical models need to be
refined and verified through empirical investigations. Only through bootstrapping
complementary approaches can a robust CTA model be developed.

Tangible products from CTA that clearly map onto artifacts used by system
designers. CTA must work within a system development process and support critical
system design issues. This point is expanded in the second phase of this effort.

The use of prototypes as tools to discover additional CTA issues. CTA cannot be
viewed as a standalone, apriori analysis. It needs to be an iterative process that
learns from subsequent design activities. The initial CTA model as well as resulting
support concepts are hypotheses that are at best incomplete and must be tested within
the demands of the application domain.
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The second critical issue is that, since CTA is a means to support the design of computer-based
artifacts that enhance human and team performance, CTA must be integrated into the software
and system development process. Thus, Section V presents two case studies of conducting a
CTA within military command and control decision support system environment and then
working with the system development team on designing the system around the insights gained
from the CTA effort. This phase is from the perspective of a CTA-based system development
model and is expected to help formalize the requirements for any CTA method or tool to support
design activity.

As part this SBIR effort, we have developed a process that orchestrates different types of specific
CTA techniques to provide design relevant CTA results and integrates CTA results into the
software development process. The results of this effort is beginning to provide the initial target
for supporting the difficult and far from seamless transition from an isolated CTA effort to an
integral and critical part of developing useful as well as usable computer systems.

B. CTA as a Modeling Process

1. Uncovering Cognitive Activities in the Field of Practice

In trying to understand and evaluate CTA methods and when to use them, it is important to focus
on the goals of CTA. CTA is fundamentally an applied activity. The goal of CTA is not to
capture domain practitioner expertise as an end in itself. CTA is a means to a larger end of
specifying ways to improve human and team performance in the domain (be it through new
forms of training, user interfaces or decision-aids). From this perspective CTA is best thought of
as a process for uncovering the cognitive activities entailed by the field of practice and
identifying opportunities for more effective support.

In performing CTA, two mutually reinforcing perspectives need to be considered (as depicted by
the two “dimensions” on the ordinate axis in Figure 3 and also presented in a more abstracted
manner in Figure 3). One perspective focuses on the fundamental characteristics of the domain
and the cognitive demands they impose. The focus is on understanding the way the world works
today and what factors contribute to making practitioner performance challenging.
Understanding domain characteristics is important both because it provides a framework for
interpreting practitioner performance (why do experts utilize the strategies they do? What
complexities in the domain are they responding to? Why less experienced practitioners perform
less well? What constraints in the domain are they less sensitive to?) and because it helps define
the requirements for effective support (what aspects of performance could use support, what are
the hard cases where support could really be useful) as well as the bounds of feasible support
(what technologies can be brought to bear to deal with the complexities inherent in the domain,
which aspects of the domain tasks are amenable to support, and which are beyond the capabilities
of current technologies).

The second perspective focuses on how today’s practitioners respond to the demands of the
domain. Understanding the knowledge and strategies that expert practitioners have developed in
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Figure 3. Abstracted version of the integrated approach to Cognitive Task Analysis within an iterative
system development process. The first phase — Exploring the Current World — focuses on understanding
the way the world works and the way people operate in this world. The second phase, then — Exploring the
Envisioned World — focuses on discovering how to support the way the world will work and for the way
people will operate in this envisioned world.

response to domain demands provides a second window for uncovering what makes today’s
world hard and what are effective strategies for dealing with domain demands. These strategies
can be captured and transmitted directly to less experienced practitioners (e.g., through training
systems) or they can provide ideas for more effective support systems that would eliminate the
need for these compensating strategies. Examining the performance of average and less
experienced practitioners is also important as it can reveal where the needs for support are.

A comprehensive CTA needs to encompass analysis and modeling of both the domain and how
domain practitioners respond to it. The focus is on building a model that captures the analysts’
evolving understanding of demands of the domain, knowledge and strategies of domain
practitioners, and how existing artifacts influence performance that can be used to guide
specification of requirements for improved performance.

In selecting and applying CTA techniques the focus needs to be on the products to be generated
from the techniques rather than on the details of the method. Some families of methods focus
more on uncovering specific domain expertise, and other families of methods focus more on
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analyzing the demands of the domain. In performing a CTA it is important to utilize a balanced
suite of methods that enable both the demands of the domain and the knowledge and strategies of
domain experts to be captured in a way that enables clear identification of opportunities for
improved support. The goal, however, must be to model the interconnections between the
demands of the domain, the strategies and knowledge of practitioners, the cooperative
interactions across human and machine agents, and how artifacts shape these strategies and
coordinating activities, so as to generate concepts for more effective support.

The goal is to aid cognitive task analysts in developing CTA products that make contact with the
software development process. The goal is to become integrated into the software development
process and to have CTA viewed as on the software development critical path. Products of CTA
should feed into system developments requirement and quality assurance testing criteria.

Thus our vision of the goals of a CTA tool suite is not to create tools that necessarily simplify the
application of CTA methods so that people with minimal expertise can use them, nor to create
tools that dramatically increase the efficiency of the CTA methods so that a CTA can be
completed dramatically faster, but rather to develop software tools that aid the CTA analysts in
the modeling and documentation aspects of the CTA process to yield a more useful product that
makes direct contact with the software development process and supports communication and
coordination of CTA results among design team members distributed within and across
development organizations.

2. An Opportunistic Bootstrap Process

CTA is fundamentally a modeling process focused on understanding the domain (the cognitive
demands of the fields of practice) and how practitioners cope with domain demands (modeling
expertise, cognitive strategies, errors) with the objective of generating concepts for support. A
question arises as to how to start the process and how to gather the knowledge necessary to
evolve this model.

CTA is best conceptualized as a bootstrap process. While Figure 2 and Figure 3 provided an
overview of this process, Figure 4 illustrates additional details of this idea. One starts from an
initial base of knowledge regarding the domain and how practitioners function within it (often
very limited). One then uses a number of CTA techniques to expand on and enrich the base
understanding and evolve a CTA model from which ideas for improved support can be generated.
The process is highly opportunistic. Which techniques are selected, whether one starts by
focusing on understanding the domain or by focusing on the knowledge and skills of domain
practitioners, depends on the specific local pragmatics. The key is to focus on evolving and
enriching the model as you go to ultimately cover an understanding of both the characteristics of
the domain and an understanding of the way practitioners operate in the domain. This means that
techniques that explore both aspects will most likely need to be sampled, but where one starts,
and the path one takes through the space will depend on what is likely to be most informative and
meet the local constraints at any point in time.
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Figure 4. Detailed depiction of the first phase of an integrated approach to Cognitive Task Analysis within
an iterative system development model. The critical issue is the mutually reinforcing analyses that, in
combination, work toward an understanding of the practitioner(s) and the domain.

The phrase ‘bootstrapping process’ is used to emphasize the fact that the process builds on itself.
Each step taken expands the base of knowledge providing 'opportunity to take the next step.
Making progress on one line of inquiry (understanding one aspect of the field of practice) creates
the room to make progress on another. For example, one might start by reading available
documents that provide background on the field of practice (e.g., training manuals, procedures),
the knowledge gained will raise new questions or hypotheses to pursue that can then be
addressed in interviews with domain experts, it will also provide the background for interpreting
what the experts say. In turn, the results of interviews may point to complicating factors in the
domain that place heavy cognitive demands and opportunities for error. This information may
provide the necessary background to create scenarios to be used to observe practitioner
performance under simulated conditions or to look for confirming example cases or interpret
observations in naturalistic field studies.

In Phase I of this effort, we reviewed a number of specific techniques that have been offered to
support the CTA modeling process. The techniques vary on a number of dimensions. Some of
the techniques focus primarily on eliciting knowledge from domain practitioners. Other
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techniques focus more on understanding the inherent characteristics of the domain. Some of the
techniques are empirical, involving observations or interviews of domain experts. Others are
analytic involving reviews of existing documents (training manuals, procedures, system
drawings). Some techniques involve structured interviews outside the context of practice (e.g.,
in a conference room); others involve observations in realistic work contexts (e.g., ethnographic
methods, simulator studies). We believe that all these techniques are valid, and can contribute to
the CTA modeling process.

The selection of which technique(s) to use and how many techniques to employ should be
motivated by the need to produce a model of the field of practice and how domain practitioners
operate in that field. In practice the modeling process generally requires the use of multiple
converging techniques that include techniques that focus on understanding the domain demands
as well as techniques that focus on understanding the knowledge and strategies of domain
practitioners. The particular set of techniques selected will be strongly determined by the
pragmatics of the specific local conditions. For example, access to domain practitioners is often
limited. In that case other sources domain knowledge (e.g. written documents) should be
maximally exploited before turning to domain experts. In some cases observing domain experts
in actual work practice (using ethnographic methods or simulator studies) may be impractical, in
those cases using structured interview techniques (such as concept mapping) and critical incident
analysis may be the most practical methods available. Still in other cases domain experts may
not be accessible at all (e.g., in highly classified government applications), in those cases it may
be necessary to look for surrogate experts (e.g., individuals who’ve performed the task in the
past) or analogous domains to examine.

It should be stressed that studying the practitioner vs. the domain are merely different access
points that provide complementary perspectives. We present them here as distinct to stress the
importance of considering both perspectives, but in practice the lines are not so clearly drawn. It
is possible to uncover characteristics of the domain through interviews with domain practitioners
or field observations. It is also possible to gain perspective on expert strategies by understanding
the affordances provided by structural characteristics of the domain.

A point to emphasize is the CTA process is necessarily opportunistic and involves the use of
multiple converging techniques. As a heuristic, if resources are limited, it is likely to be more
effective to utilize several techniques that sample from both portions of the space (analysis of the
domain and analysis of practitioner) even if done cursorily, that to expend all resources utilizing
one technique. Unexpected complexities and surprises are more likely to be uncovered when
multiple techniques are employed than when the focus is on only on one technique. When the
results using several techniques reinforce each other and converge, it increases confidence in the
adequacy of understanding. If differences are found it signals the need for a deeper analysis.

A second point to emphasize is that the goal of the CTA is to develop a productive model that
points to contributors to performance difficulty, opportunities for improved performance and
concepts for aiding. The focus of the CTA throughout the process must be on developing
concepts related to the goal of the project/system. If the goal is to develop support systems then
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the focus needs to be on disentangling inherent complexities in the domain that system needs to
deal with, from more superficial aspects that result from characteristics/limitations of existing
artifacts. This requires differentiating features of the existing environment and essential artifacts
that need to be preserved from non-critical features that can be changed or eliminated.

C. Tool Support for the CTA Modeling Process
1. Understanding the Way the World Works

As a foundation for this tool-development effort, the Logica Carnegie Group team has extended
the state-of-the-art in cognitive systems engineering by adapting the function-based cognitive
task analysis (FB-CTA) methodology to the CPOF domain environment. The FB-CTA output
artifacts serve as the unifying framework for the integration of decision-centered design
methodologies. The FB-CTA approach has roots in the formal, analytic goal-means
decomposition method pioneered by Rasmussen and his colleagues as a formalism for
representing cognitive work domains as an abstraction hierarchy (Rasmussen, 1985, Lind, 1993).
This approach centers on a formal analysis of the application domain to uncover the inherent
cognitive demands together with an assessment of the range and complexity of decisions facing
the crewmembers (e.g., Rasmussen, 1986; Rasmussen, Pejtersen & Goodstein, 1994; Roth &
Mumaw, 1995; Vicente & Rasmussen, 1992; Vicente, 1995; Woods & Hollnagel, 1987). It has
been shown that an explicit functional abstraction model closely parallels the mental models of
some of the best human problem solvers, faced with high-stress, high-value, uncertain
(naturalistic) decision making conditions. This representation is robust enough to support
analysis of a variety of decision making strategies, from Recognition Primed Decision Making
(RPD) (Klein, et.al. 1989) through knowledge based strategies for new situations (Vicente &
Rasmussen, 1992).

This analysis begins with a function-based goal-means decomposition of the system. High-level
goals, such as impacting a critical function, are decomposed into supporting lower-level
subgoals. The objective of performing this analysis is to develop a structure that links the
purpose(s) of individual controllable entities with the overall purpose of the system. This
includes knowledge of the system’s characteristics, and the purposes or functions of the specific
entities. The result of the first phase of this process is a functional abstraction hierarchy — a
multi-level representation of the structure of the work domain defined as a recursive means-ends
relation between levels. For example in the case of engineered systems, such as a process control
plant, functional representations are developed that characterize the purposes for which the
engineered system has been designed, and the means structurally available for achieving those
objectives. In the case of military command and control systems, the functional representations
characterize the functional capabilities of individual weapon systems, maneuvers, or forces and
the higher level goals relate to military objectives.

For process control applications, five levels of abstraction have been found to be useful:
functional purpose — the purposes for which the system was designed; abstract function - the
intended causal structure of the system; generalized function — a description of the system in
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terms of standard functions that instantiate the abstract functions above; physical function — the
components and their interconnections that carry out the system functions; physical form — the
appearance and physical location of components (Rasmussen, 1986). Current research efforts
have begun to adapt these same techniques to representing the critical command functions.

Typically, this function-based representation is used to organize the critical domain knowledge
and relationships to enable the person-machine interface system design team to identify and
answer questions regarding the information and display requirements to support operator
monitoring and control (an off-line, manual tailoring of the information presentation workspace).
The FAH can be used to:

e serve as the framework for inferring decision context;

¢ identify critical information requirements for supporting the current decision
context;

e identify critical collaboration regions;
e map and identify the assigned roles and responsibilities of crew members

¢ identify requirements for the human-system interfaces to facilitate effective
performance;

e provide a framework for interpreting and evaluating individual as well as team
operational performance data.

An example of such a work environment might be a commander of air combat power who has the
objective of conducting a Successful Ground Attack with Kinetic Weapons (i.e., munitions). The
commander has three types of air borne resources available, which are functionally different,
with which to accomplish this objective. These are 1.) close air support resources, 2.) air
interdiction resources, and 3.) strategic attack resources. The close air support resources are
aircraft capable of low altitude flight equipped with munitions and using tactics which are
effective against enemy ground forces that are in close proximity to friendly ground forces. The
air interdiction resources are aircraft whose flight characteristics, weaponry, and tactics make
them effective against enemy ground forces which are not in close proximity to friendly ground
forces. The strategic attack resources are aircraft whose flight characteristics, weaponry, and
tactics make them effective against enemy ground forces without the expectation or need of
friendly ground forces ever occupying or being near the area of attack, e.g., the recent all-air
campaign in Kosovo.

Each of these three types of air borne resources can use two functionally different types of
munitions, those which are guided and those which are not guided. Therefore, supporting goals
are Successful Ground Attack Engagements with Guided Kinetic Weapons and, similarly,
Successful Ground Attack Engagements with Unguided Kinetic Weapons. Each of these
supporting goals has its own resources which can be used individually or possibly in combination
to achieve the goal. For the Guided Kinetic Weapons, examples of these resources include
Electro-Optical Bombs, Electro-Optical Missiles (e.g., Hellfire, IR, Maverick), laser Guided
Bombs, and Navigation Guided Bombs. Examples of the Unguided Kinetic Weapons goal’s
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Figure 5. A portion of a Functional Abstraction Hierarchy for an Air Combat Power work domain. The
functional relationships indicate the functionally different ways to accomplish the higher-order objective.

available resources are: Dumb Bombs, Aircraft Cannon — Machine Gun, and Cluster Bombs.
Figure 5 depicts these functional relationships.
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2. Understanding the Way People Operate in Their World

From this model of system functioning, it is possible to derive and preserve the critical decisions
required for achieving goal success. These decisions center around goal-directed behavior, such
as monitoring for goal satisfaction and resource availability, planning and selections among
alternative means to achieve goals, and control of process initiation, tuning, and termination. All
subsequent data sources and complementary methodologies can then add depth and substance to
the model (e.g., critical decisions overlaid on the relevant goal/process relationship, strategies
represented as paths through the hierarchy, collaborative work as represented by overlapping
regions of responsibility within the hierarchical model). By organizing the specification of
operator information, decision, and control requirements around nodes in the goal-means
structure, rather than requirements for predefined task sequences (as in other approaches to
cognitive analysis), the representation helps insure that the resulting person-machine systems
explicitly reflect the decision centered perspective.

Rasmussen (1986, 1994) models decision-making as a decision ladder — a template or generic
representation of the steps that may be involved in decision-making. It is a “template” because it
allows the analyst to show how a particular step is instantiated in the specific case, and how, for
that particular decision, some steps may not be needed. It is a non-linear, opportunistic modeling
tool that contains:

¢ Information processing activities;

e States of Knowledge;

e Multiple entry and exit points; and

¢ Opportunistic movement via “leaps” and “shunts”.

Decision ladders can be used in either a descriptive or formative manner. As a descriptive tool,
the template provides a systematic way of parsing verbal protocol data. As a formative tool, it
provides a means of focusing on designing support systems that will foster and support expert
performance (e.g., by providing for information processing leaps). Figure 6 presents the decision
ladder framework.

As the underlying framework for the CACSE-supported analysis, we have modeled our decision
modeling processes based on the work of David Woods, Emilie Roth, and Randy Mumaw (see
Roth and Mumaw, 1995) in which the types of decisions in a goal-directed system are
decomposed into the following categories:

Goal Monitoring:
e What are the Goals? (e.g., Win the Battle vs. Sustain Minimal Damage?)
e Goal Satisfaction: Are the function-related goals satisfied under current conditions?
e Margin to Dissatisfaction: Are goal limits/restrictions being approached?

¢ Consequences of goal dissatisfaction: What higher-level goals are supported by this
function, and what are the consequences if this function is not achieved?
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Figure 6. Decision ladder framework for modeling problem solving behavior in operationdl contexts.

Process Monitoring:

e Active processes: What resources are currently active? What is the relative
contribution of each of the active resources to goal achievement? Are the resources
performing correctly?

e Process element monitoring: Are the individual resources and their components
working as they are supposed to?

e Automation monitoring: Are automated support systems functioning properly? What
goals are the automated support systems attempting to achieve? Are these
appropriate goals?

Feedback Monitoring:
e Procedure adequacy: Is the current procedure achieving the desired goals?
e Control action feedback: Are the CO’s battle actions achieving their desired goals?

Planning:

e Battle plan goals priority: Which goal has the highest priority?
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Figure 7. Decision ladder framework for modeling problem solving behavior in operational contexts.

e Battle resource availability: What alternative resources are available for achieving
the battle’s goals?

¢ Choices among alternatives: Can an alternative resource be deployed?

o Consequences and side-effects of actions: What other battle resources and functions
are affected by the current battle actions?

Control:

e Battle resource control: How is the battle resource controlled for resource
deployment, tuning for optimum performance, terminated?

These decision categories are simplifications of the decision ladder, yet capture the critical
aspects (or regions) of the ladder template. Figure 7 represents the mapping between decision
categories and Rasmussen’s decision ladder.

Within our example above of the “Air Combat Power” portion of the work domain, suppose that
the commander’s decision in question is the one of ‘Choosing the Resource(s) necessary to
accomplish the goal of Successful Ground Attack Engagements with Guided Kinetic Weapons’.
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The set of surrounding or supporting decisions is as follows, based upon the partial Functional
Abstraction Hierarchy (FAH) that was created above:

Primary Decision:

e DI —“Choose the combined combat power (resources) necessary to accomplish the
objectives of a Successful Ground Attack using Guided Kinetic Weapons.

Secondary Decisions:

e Dila- “Monitor the enemy ground forces to determine their survivability of air
attack.” (Goal Satisfaction Monitoring)

e DI1b - “Determine which of the Kinetic Weapons resources can be available for
delivery to enemy ground forces consistent with known time constraints (e.g.,
consider time schedule for delivery platform, etc.).” (Planning — process availability)

e Dic - “Determine which of the available Kinetic Weapons resources, either
individually or in combination, would be most effective against enemy ground forces
defensive positions and weapons.” (Planning — choice among alternatives)

e Did - “Determine how the selected Kinetic Weapons resources delivery are initiated
and executed”. (Control — process control)

o Dle - “After execution/delivery of the selected Kinetic Weapons on enemy ground
forces positions, determine the effectiveness of the weapons had on achieving the
objectives of a Successful Ground Attack using Guided Kinetic Weapons.”
(Feedback Monitoring)

Side Effects (other impacted goals): -

e What will be the impact of using/diverting these kinetic weapons (munitions) and
delivery platforms (aircraft) to the current objective? Are these weapons and
~ platforms already engaged or scheduled to be engaged on other missions at the time
they are needed to accomplish this objective?

D. Designing Support for the Envisioned World

1. Using Prototypes as Tools for Discovery

In the development of advanced joint cognitive systems (i.e., a system including human and
machine agents where each work toward the same goals), one main caution with any CTA
approach is the potential for focusing on and capturing only attributes of the “as-is” world. This
is especially difficult in the development of an innovative decision support environment that
enables revolutionary changes in the (decision) business processes. In designing an “envisioned
world” type of system, it is critical to build on the strengths of the current world and focus
technology development on supporting weaknesses in the current processes. Within this
challenge, it becomes essential to be able to discriminate between aspects of task performance
that result from “surface” characteristics of the current work environment and fundamental
cognitive demands that will carry over to the new environment. The FB-CTA approach
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explicitly models the fundamental goals, processes, and relationships within the domain and the
cognitive demands and strategies of the operators in response to these functional properties (Roth
and Woods, 1989). It has been shown to be a powerful, generative methodology for identifying
and understanding aspects of the current world that effectively support difficult decision-making
while at the same time identifying needed decision support for the to-be world. The result is an
innovative yet well grounded solution to the essential, underlying demands of the domain. The
technique has proven robust enough to be used across a wide spectrum of domains: Nuclear
Power, Military Airspace Control and Air Defense management, Logistics Distribution, Medical
Evacuation C2, NASA Ground Control, and is currently being used to support the FAA transition
to Free Flight Operations.

Based on this fundamental grounding, it is possible to:

¢ Analyze existing technologies to understand the positive aspects of current
approaches;

e Explore a variety of implementation technologies, while evaluating them against a
consistent fundamental set of decision effectiveness criteria.

As conveyed in Figure 8, the FB-CTA process continues into the design/prototype development
phase. The CTA model (output of the first phase of effort) becomes the initial hypothesis for
artifacts embodied in the design prototypes which in turn are used to discover additional
requirements for useful support (Woods, in press). A variety of techniques exist to use design
artifacts (prototypes) as increasingly robust hypotheses about cognition and collaboration within
the target domain. This is based on one of the fundamental findings of Cognitive Science — how
a problem is represented influences the cognitive work needed to solve that problem (e.g., Zhang
and Norman, 1994). As indicated by the figure, each opportunity to assess the utility of the
design artifacts provides additional understanding of requirements for effective support but also
additional understanding of our initial CTA model. Thus, designs — among other levels of
analysis — embody hypotheses about how technology change will shape cognition and
collaboration.

One critical distinction between these two phases of CTA is the shift from ‘exploring the current
world’ to ‘exploring the envisioned world.” While some techniques for CTA provide natural
links between the two phases (e.g., functional abstraction modeling is grounded in the
fundamental goals, constraints, and complexities of the domain; those which will remain
unchanged in the envisioned world), there is a distinct shift in thinking about how new tools will
play a role in supporting practitioners operating in their world. In this perspective, the CTA
model becomes a basis to express how these design artifacts would improve performance.

Based on this, the critical issue becomes how to link CTA research to design. This can be
expressed in several different ways, including: (Woods, in press)

¢ How do we close the gap between user-centered intentions and technology-centered
actual design practice?

¢ How do we get research that is relevant to design?
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Figure 8. The transition to the second phase of CTA. This figure indicates how prototypes are used as
tools for discovery and enrich the understanding achieved through the initial phase.

e How do we focus more on discovering requirements, what would be useful, and
innovating new support concepts and less on polishing usability?

e How can one achieve a balance between short term pressures and long term learning,
between the needs of particular projects and the broader goals of building up a
research base to drive more useful designs and innovations?

An important issue from this perspective is that the vision of CTA as an initial, self-contained
technique that is handed-off to system designers needs to evolve into a process of modeling not
only the interconnections between the demands of the domain, the strategies and knowledge of
practitioners, but also the cooperative interactions across human and machine agents, and how
artifacts shape these strategies and coordinative activities.

A second equally important claim, then, is that it is only when we are able to design appropriate
support that we truly understand the way the world works and the way people will operate in this
world. This is the flip side of the claim by Winograd (1987; p. 10) that designing ‘things that
make us smart’ depends on “...developing a theoretical base for creating meaningful artifacts and
for understanding their use and effects.”
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One of the important roles that prototypes as tools for discovery can serve is that it allows one to
discover design constraints and requirements for effective support that you might otherwise have
overlooked. Examples of this include:

¢ information that should be available in parallel, yet contending for the same display
space;

o tasks that should require minimal effort to achieve, yet are taking too much time or
attentional resources (e.g., in nuclear power plant anything that requires more than
one click to navigate to, becomes too resource intensive to employ under rapidly
evolving plant disturbances).

Insights gained from designing, developing, and testing are critical in the iterative approach of
this program. In this manner, ethnographic data can be useful at a variety of levels, including:

e as a mechanism to validate the cognitive models (how well did the model capture the
critical functional properties and cognitive/decision demands of the domain);

e as an evaluation of operators’ understanding of the critical relationships and
functioning of the system;

e as an evaluation of operators’ understanding of the roles, responsibilities, and
information availability of the different crew members;

e as an evaluation of the operators’ skills and strategies in response to the domain
demands;

¢ as a mechanism to define the interactions between intelligent agents (human-human,
human-machine, and machine-machine);

* as an evaluation of support concepts — current as well as envisioned (how well does
the decision support system support these properties and demands).

Once the FAH has been augmented with critical decisions to form a “decision map” of the work
domain, the process of building the “design thread” (i.e., the end-to-end connection from goal
nodes in the FAH to supporting visualizations in the workspace design) can begin along two
directions. First, information required to satisfy the critical decisions can be identified and
documented. At this point in the analysis, the focus is on the “envisioned world” information,
not “as-is” data-centered information. In some cases, the information requirements specified
may not currently be able to be satisfied; this suggests data collection, transformation, or
processing requirements. If the data sources for satisfying the identified information
requirements are known, they can be captured in the CACSE tool. In this manner, a complete
specification of data requirements can be handed off to the software developers.

Secondly, user interface objects (i.e., components of the user interface workspace) can be defined
and linked to the associated decisions that they are designed to support. In this manner, decisions
become the critical “lynchpin” between the functional analysis and the resulting visualization
design.

Back to our example of the “Air Combat Power” portion of the work domain, the following are
sample information requirements to satisfy the decisions related to ‘Choosing the Resource(s)
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necessary to accomplish the goal of Successful Ground Attack Engagements with Guided Kinetic
Weapons’. For the most part, this information is based on “sensed” data or access to databases:

Supporting Information Needs
¢ IR la.l Physical location of enemy ground forces.

¢ IR la.2 Characteristics of enemy ground forces’ defenses, e.g., heavily fortified
bunkers vs. hastily dug trenches, anti-aircraft missiles vs. rifle or artillery fire, etc.

¢ IR 1b.1 Determine inventory of guided kinetic weapons, i.e., how many of each type.

¢ IR 1b.2 Determine which weapons in the inventory are not assigned to other
objectives.

¢ IR 1b.3 Determine the availability (i.e., schedule) of appropriate guided kinetic
weapons’ delivery platforms.

¢ IR Ic.1 Determine the characteristics (e.g., armament penetration capability,
explosive power, guidance accuracy, etc.) of the guided kinetic weapons that have
been determined to be available (see items D1b, above).

¢ IR 1d.1 Determine which delivery platform(s) can be used with which guided kinetic
weapons.

¢ IR 1d.2 Determine weapons’ guidance needs/requirements.

e IR 1d.3 Determine weapons’ firing sequence and timing requirements, i.e., arming
sequence, necessary permissions for weapon actuation, etc.

¢ IR le.1 Enemy defenses destruction data, e.g., damage to fortifications, enemy killed
and wounded, damage to enemy weapons systems, etc.

Once the FAH has been augmented with critical decisions and information requirements, a target
region of the FAH can be identified and appropriate visualization(s) designed to reflect these
information requirements. The focus of this task is to develop the mapping between information
on the state and behavior of the domain (i.e., critical decision and information requirements
uncovered) and the syntax and dynamics of the support system being developed (i.e., the form
and behavior of the visualizations). The goal is to reveal the critical information requirements
and constraints of the decision task through the user interface in such a way as to capitalize on
the characteristics of human perception and cognition.

Along these lines, the following products can be a critical part of the design process:

o Display task description — a definition of the ideal information (not data) needed to
fulfill the decision requirement(s) and an explicit description of the goal(s) of a
particular display to meet these requirements. While this is partially a result of the
CTA, the emphasis in this second stage turns to display units instead of function and
decision units. This provides the link between the CTA and the graphical depiction.

o Information space map — within the context the display task description, this is a
definition of the data requirements to satisfy the information requirements. This
includes a description of the context that the information must be represented in
(time, geographical, organizational, etc.) as well as any necessary informational
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relationships that must be conveyed. The important issue here is the impact that the
information requirements will have on the underlying data processing portion of the
system in terms of critical computations, transformations, and integrations to be
performed.

o  Graphical depiction — based on the content of the display task descriptions and
information space maps, decisions can be made on how to most efficiently depict in-
formation within the necessary context. Initially this usually takes the form of off-
line sketches, grouped together to form a storyboard representing various states
corresponding to events in the process or user tasks. To characterize or design a
graphic form one must consider how the form behaves or changes as the state of the
referent changes. A successful mapping from domain semantics to visual
representation must help the practitioner extract relevant information under
conditions of actual task performance.

o Workspace model — As the graphical depiction expands to address the decision and
information requirements, a workspace model is also constructed. This defines the
relationships between displays and identifies how the entire suite of displays will be
used as an orchestrated system to satisfy the information needs of the user. For
example, this may include orienting cues that indicate in mentally economical ways
whether something interesting may be going on in another part of the process as well
as combinations of displays that, in concert, provide a total picture of the situation.

The Decision Requirements inform the interface designer as to the critical user issues that must
be reflected in the interface design, The Information Requirements and Supporting Data
Elements provides the interface designer with the raw data that must be available upon which the
dynamics of the display can be built. A comparison between the two sets of requirements
enables the interface designer to begin to understand what synthetic variables need to be created
to enable the interface to show the user the impact on his/her critical issues as the raw data
changes. For example, one can see from looking at these sets of requirements that there is a need
to match guided kinetic weapons destructive characteristics to the characteristics of the enemy
ground forces’ defenses characteristics. The requirement sets along with this type of analysis of
them is the bases for the Cognitive Systems Engineer to formulate the interface design
requirements. Such design requirements are then used by interface designers to create one or
more suggestions as to an appropriate interface design. The interface design requirements are
also used as the basis for evaluating the success of the proposed interface designs (i.e., do the
designs meet the requirements?).

Typical approaches to CTA/CWA struggle with the transition from analytical modeling to
system design, where insights gained from the cognitive analysis effort must be crystallized into
design requirements and specifications in order to impact the characteristics of the resulting
system. An integrated, tool-supported FB-CTA methodology explicitly links object-oriented
software engineering practices with the decision centered, innovative cognitive engineering
‘preamble’. The CACSE development effort is aimed at extending this current manual design
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practice into an on-line, runtime, embedded FB-CTA forming the heart of the decision support
solution.

An important side note — the functional abstraction hierarchy and associated decision map has
been shown to be a very effective tool for integrating disparate elicitations from multiple Subject
Matter Experts (SMEs). Insights from different perspectives actually serve to refine and deepen
the model into a more robust representation of the domain.

In order to demonstrate one approach to this issue of linking CTA to design, the following
section outlines a case study in which a CTA was performed on an ‘envisioned world’ problem
with the critical need of providing design concepts for developing requirements for a decision
support system. This case illustrates how prototypes serve two roles. First, they are
instantiations of hypotheses about aiding concepts; second, they exist as partially refined final
product. The focus, however, was on discovering requirements — what would be useful to
enhance decision-making in this domain and reduce the paths to ineffective decisions. While
considerable detail and scope has been omitted, it is hoped that this will be useful in
demonstrating the value of the type of tool support CACSE provides for this process.
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V. CASESTUDY: NAVAL COMMAND AND CONTROL

A. Introduction

This section is designed to walk through a case study in which we, through a FB-CTA, provided
an analytical foundation and the development of design concepts for the next generation decision
support system (DSS) to a Naval Command and Control Center. The primary motivation for this
project is the need for decision-centered technologies to support information superiority within a
mid-life upgrade to a Naval war ship.

This FB-CTA effort has focused on establishing the initial, innovative concepts required to
transform a data-centered approach into powerful decision-centered visualizations of the target
domain. The primary focus of the resulting analyses and design concepts is on the critical
information necessary for rapid assessment and prioritization of threats from the various contacts
identified by the ship’s sensor equipment.

This target domain of building a Threat Assessment Decision Support System (TA-DSS) is a
tangible example of CI decision support applications comprising complex human-machine
systems wherein success depends heavily on the human operator’s ability to efficiently cut
through large amounts of data, visualize the state of the world and courses of action, and
collaborate in a fast-paced, multi-person environment. In these types of domains, the critical
need focuses on understanding and providing for the information needs of the operator,
supporting the collaboration needs of the environment, and providing effective decision support
in order to transform the environment from an inefficient, data-intense, high cognitive demand
situation to an efficient, information-rich, high-performance human-machine system.

1. Function-Based Cognitive Task Analysis Overview

The Logica Camnegie Group team constructed a function-based Cognitive Task Analysis of the
threat assessment portion of the Command and Control. This decision-centered analysis
consisted of:

¢ building a Functional Abstraction Hierarchy to identify and model critical domain
relationships; :

e identifying decision requirements and the resulting information requirements;

e defining the relationships between information requirements and user interface
design concepts;

e exploring techniques to implement these design concepts into powerful, flexible,
visualizations of domain semantics.

This effort was accomplished by a goal-directed analysis in which the domain was structured in
terms of goals to be accomplished, relationships between goals, and the means to achieve these
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goals. This approach consists of an analysis of system objectives that determine higher-order
functional properties that need to be conveyed to the human operator. The result is a functional
decomposition of system behavior, a description of decision requirements to achieve these
system goals, and information requirements for assessing goal state, and determining courses of
action.

2. Visualization Design

We then created a set of display designs to illustrate the manifestation of the FB-CTA analysis
into support concepts. The product of this effort was a storyboard consisting of screen mock-ups
and supporting design rationale.

The focus of this task was to develop the mapping between information on the state and behavior
of the domain (i.e., critical decision and information requirements uncovered in the first phase)
and the syntax and dynamics of the support system being developed (i.e., the form and behavior
of the graphical user interface) in order to establish the "breakthrough” concepts to move to
decision-centered visualizations.

Along these lines, the following products are a critical part of the design process:

o Display task description — a definition of the ideal information needed to fulfill the
decision requirement(s) and an explicit description of the goal(s) of a particular
display to meet these requirements.

e Graphical depiction — based on the content of the display task descriptions and
information space maps, decisions can then be made on how to most efficiently
depict information within the necessary context.

3. Scenario Development

As a parallel effort, we developed a realistic, operational scenario to provide a basis for design
decisions. This operational scenario contains hypothetical input data, potential starting points
into the TA-DSS, and strategies and paths through the information and data space as well as
through the control structure of the user interface. The value of this scenario-based approach is
that scenarios are used not only to provide data for future prototype development, but also to
create incidents to address the predefined cognitive demands of the domain (identified in the FB-
CTA) and to identify potential modifications to the user interface mechanisms which are used to
interact with the domain.

B. Functional Abstraction Hierarchy Development

1. Approach

In this FB-CTA, the first step was to build an initial functional model of the domain. This was
based on the benefits of this approach as a means to represent the underlying, unchanging system
functions and relationships that form the basis for system complexity and goal achievement as
well as the limited opportunity for interviews and observations of practitioners. This underlying
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Figure 9. Functional Abstraction Hierarchy for Naval Command and control, focusing on threat
assessment and response management.

model of system function is critical for understanding the context (in terms of goals to be
achieved, strategies for achieving these goals, etc.) in which practitioner(s) must perform.

In addition, this approach allows one to identify, a priori, the information needed to cope with
events which are unfamiliar to operators and which may not have been anticipated by designers.
Thus, it is intended to define person-machine and inter-person information requirements to
support operator decision-making and problem solving in unanticipated situations (as opposed to
approaches based on predefined task sequences or incidents). Thus, it is 2 means of constructing
a robust model for a complex environment independent of specific events, tasks, and strategies.

2. Results

Figure 9 presents the FAH after several opportunities to interview with domain experts and
observe training simulations. At the top of this Functional Abstraction Hierarchy (FAH) is the
primary goal, which is to "Execute the Mission." This goal is decomposable into two objectives,
namely "Manage Combat Power" and "Manage Combat Objectives”. The first element of the
decomposition has to do with assembling and applying one’s available resources so as to
accomplish the mission, using the commander’s decision-making abilities to drive the process of
assembling and applying the resources. The second goal, related to managing combat objectives,
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Figure 10. Top three nodes of the Functional Abstraction Hierarchy for Naval Command and control.

allows the commander to monitor the situation as his decision(s) is implemented and to adjust the
moment-to-moment objectives as the situation dictates. These three goals, executing a mission
by extracting one or more objectives from it and assembling and applying available resources in
an attempt to accomplish the mission, serve as the core of the FAH. They form a continuously
on-going process to which all other goals present themselves as interrupts as the situational
context demands. These three nodes are shown in more detail in Figure 10.

Immediately under the "Manage Combat Objectives” is a set of goals that are required to
synthesize objectives. These goals are presented in Figure 11. The primary goal in this section
relates to the "Synthesis of Data" from various intelligence sources, and organizing that data such
that a commander is able to distill desired objectives from it. Implicit in the distillation activity
is the notion of prioritization of the possible objectives. Such a model depicts the one-to-many
mapping of datum to objectives, i.e., a single piece of data may well relate to or provide
additional information about more than one possible objective. The “Synthesis of Data” goal is a
decomposition of "Manage Combat Objectives”, while the second goal in this area,
"Communicate Objectives”, is a supporting function of "Manage Combat Objectives".
“Communicate Objectives” relates to the transmission of the commander’s intent and other
objective issues to subordinates, rather than to the formulation of the objective(s) itself, hence
the notion of “supporting” rather than of “decomposition”. Beneath "Synthesize Data" there are
three supporting goals "Manage Unplanned Aggressive Threats”, "Manage Unplanned Non-
Aggressive Demands”, and "Assess Risks." Each of these goals has the potential of dynamically
changing the priority and relationship of the objectives that need to be managed, and of changing
the effectiveness of the assembled combat power. The first two goals are self-descriptive. The
third, "Assess Risks", involves the comparison of factors, which, depending upon the context,
may compete with each other. Under such circumstances, the commander is expected to weigh
the competition between these goals and to decide or select those goals that are to be satisfied
and those that are to be denied. Such potentially competing goals include, but are not limited to,
“minimizing collateral damage” and “maximizing self-protection”.
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Figure 11. Decomposition of the “Manage ‘Combat’ Objectives” node.

Below the "Manage Unplanned Aggressive Threats" area is a series of four increasingly
decomposed goals that relate to a commander gaining a better understanding of the threat,
"Identify Each Sensed Object and Determine Degree of Threat", "Resolve Sensed Object”,
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“Determine Degree of Threat” and "Provide Threat Data Synthesis." The first decomposition
attempts to determine what a sensed object is and whether it represents a threat or not. Specific
characteristics of the sensed object inform that goal which, in turn, is informed by data collected
and synthesized about the threat. Note that the goal of "Identify Each Sensed Object and
Determine Degree of Threat" affects not only the “Manage Combat Objectives™ goals but also
many of those associated with the “Manage “Combat” Power for Achieving ‘Combat’
Objectives”.

C. Identifying Decision Requirements and Supporting Information Needs

Just as the insights gained from user interviews provided input for refining the functional model,
they also helped to identify critical decisions within the work domain. These decisions must then
be supported by the resulting visualization design. In this step, the critical decisions for each
node in the “threat assessment” region of the FAH were defined and attached to that particular
region of the model.

1. Critical Decisions:

From this FAH framework, four critical decisions were identified (decision number in
parentheses):

e Process Monitoring:
Monitor all contacts (D1);

e  Goal Monitoring:
Determine degree of threat for all contacts (D2); -

Determine available response time for all aggressive threats (D3);

e Control:
Determine appropriate response, including priority and order of response, to
aggressive threats (D4).

2. Supporting Information Requirements:

In order to support the critical decisions listed above, the following information requirements
were identified (associated decision in parentheses):

e Availability and functionality of contact sensing equipment; (D1)

¢ Contact characteristics (e.g., type, location, capability); (D2)

¢ Contact behavior (e.g., course, speed, response to warnings); (D2, D4)

¢ For incoming aggressive weapons; time until impact; (D3)

¢ For incoming aggressive platforms; time until likely weapon release (e.g., CPA);
(D2, D3)

¢ Contact characteristics vs. Degree of Threat vs. Characteristics of On-board weapons
database; (D2, D4)
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Figure 12. Resulting visualization design for the “Threat Assessment” node within the Sunctional model.

D. Visualization Design

Figure 12 and Figure 13 presents the visualization design to support the information needs for
each of the critical decisions identified in the previous step. Based on the identified decision
requirements, the goal is to have a functionally-organized visualization (organized around time)
of the state of those contacts identified as potential aggressive threats to provide an integrated
means to achieve situation and threat assessment and response management. Critical issues
include:

e Functional distance to threat defined as a function of:
e time to closest point of approach,
¢ CPA transformed into units of time;
e Threat state defined as a function of:
e contact classification (i.e., unknown / suspect / hostile);
o threat identification (i.e., missile / aircraft / torpedo);
e threat ranking from automated system (DREV work);
e planned response (i.e., weapon of choice);

e engagement status (i.e., assigned / engaged / fired);
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Figure 13. Annotations describing behavior of threat assessment visualization.

e availability of response (i.e., time until threat is in arc of fire of weapon of
choice);
¢ Based on these parameters, critical contacts to focus on include:
e unresolved contact functionally close to ship;
e hostile / unengaged contact close to ship;
e hostile contact outside ship’s arc of fire;
e Atthe highest level, need a clear indication of the presence of threat(s)!

E. Summary— Critical Needs for Design Support

One of the primary results of this case study is an identification of the critical issues in the
transition from CTA to system design. The next section contains presentation material related to
this case study indicating the impact of tool support for this process. The issues addressed by
this case study include the need for:

o CTA to go well beyond an initial CTA model. A CTA needs to provide concrete,
decision-centered design concepts (e.g., information requirements, proof-of-concept
storyboards) to provide sufficient support for system design. Initial CTA artifacts
such as semantic maps, functional models, decision requirements are inadequate by
themselves for software developers.
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an understanding of the artifacts used by software engineers (e.g., system
requirements, object model) and how results from a CTA can be integrated into these
artifacts (and effectively support system design activity). Given these artifacts form
the underlying specification for system development, they are the critical targets if
CTA is to effectively impact design.

a mechanism for capturing design rationale in order to provide underlying basis for
design concepts resulting from CTA effort (in order to separate the design concept
from the instantiation). This is important from several dimensions. First, to separate
the information from the presentation (in order to isolate the source of the problem in
an ineffective design). Second, given the inevitable tradeoffs within implementation,
to identify the critical aspects of the design concepts.

scenario development to be a central part of CTA. Scenarios become a critical part
of system development (e.g., concept of operations documents, event trace diagrams,
test case generation) and need to be designed around complexities, variability, and
complicating factors of the domain.
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VI. CASESTUDY PRESENTATION MATERIAL
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VII. CACSE FINAL PRESENTATION MATERIAL



H_:Dmmmc_w:m_toa%mco_m_omn__omocm>_o<
dnoux) aibsule) ealbo]

A

|

swivlsAs poddng uoisioaqg aA10d)13 Jo

wawdojanaq ayy areljioe oy joo) burissulbu3z
swalsAS aAubor paply-1indwo) v

ASO0VO




‘'ssa204d juswidojanaap waisAs yiim uoinjeibalui

]O }oe| 0}

anp [efijuajod jnj o1 dn aailj 0} Buijie} ale ey} sayoeoidde

o2

*ouy “dnoin) s18sure)) ‘1661 © ySukdon

BuidAjoyoig
/Buipieoqhiors

Bunepopw
jeuonouny

suonebnsanul
ojydeibouylz

pue spoylau (359) bunsaulbuz swalsAg anniubon
pue (v.19) sisAjeuy yse] aAiliubo) Jo uol}09]|0d 9s00| Y

bunsay
paiajuan uoisioag

N

sisAjguy
uoisi1oaqg

Buijepoyy aanubon

—

Y

SpoYyjaly / S8ss9201d FSI/V.LI

3 ¥ 1 (euogrsadp

voddns jool ISV

159 Wa)shs \

188 Huf %® 8pod

:S.mmn

Eusnagk asemyos

uBysaq [euoyound

Juswdojanag
woyshAs

we|qoid syl




B 0o S ey O VR PFUER SR TRRPRTIIAF——————E————————————e T ——————ER L L LS|

jsollAljoe Jusuwidojanap M/S

«wealsulew,, ul aq o} spaduU S ‘siadofonsp wajsAs
0] Joddns Ajawiy pue aanoajje apinoid og 1ap.lo uj

"uoljesa]l Yoes uo aAIsusiul Joge| — .c_mE_mE O} pJeH e
-sjoejipe Juswdojeasp ol Bunsed pue Bumno, Yonp e

‘s1odojensp o} yodas 380 Jo Jo-puey :yoeoidde [eoidA] e

sjoejile
‘A9 MV/S pue sjonpoid 350 usamiaq josuuoasi

"aWosuspIng sawo2aq $s800.1d aAljeIa)l ue Ul s)nsal BUIUIEJUIB o

‘suoiesijdde S| QO/9040O piepue)s
u1 suop AjeaidAy eseyd y 19D ey ul paureb sybisul [eonuod bujuawindog e

ssao04d 3S0 ayi 10} Joddns |00} Jo MoeT

sajoeisqo Aoy
“-*ubisep walsAs paseq-3SI




uoljelausy) ase) 1S9 PaJaluad-uolsioa(

ubisaqg uoneziensip

7 sjoepue pasejues-udisioap Jo Ajiwey mau e sajesauan
"**S10NP0Id pue sa9ssa20.id 3SI)




siuby sAg

wyiobly
sseqejeg F

‘ e jopo 1oung
japop 108lao b i S osaq ysey
uiv 2 , SR, ; Aeldsig

: ' sjonpouad weasysumop Joj poddns pajelbolul
“""UOISIA |ediuyoa]




"oouel|dwoo
ojA1s ‘abeianod ‘Bujosyd Jjoue 68 — Ayeuonouny ayi-3SyD e

"sjusuodwod
IND pue ‘sjppouw 109lqo ‘sjuswnoop juswalinbal pajejal 01 syuUl| e

‘sdiysuoljejal jeuoijoun} 0} uoijejal ul
Sjuswalinbai uoijewllojul pue suoisioap [eold Buunided Joy aieldwol e e

"sjuswialinbal aouewopad
pue spurwap aAiubod BuiApepun Buizuawnoop 1oj ajejdwal e e

"UIeLOP 8y} UIYIM
sdiysuonejai jeonuo Buunided Joj Juswuodiaus Bulgpow [euonounj e e

:1ayoieasay Y 1D 8yl 10} |00} B sy

(2 30 L) sjusuodwo) jeantiy — IASIHVI




100} pajelBajul SUO WO O} JUSWUOIIAUS
Juswdojansp 3SVy) s.Jadojansp oy} 0} ,Uo-ppe, ue se ‘A|[enjusne e

‘sAe|dsip 220} U0 BuppIoM BjIym
ubisep aoedsyiom Jo ssaualeme ulejuliew o} |00} ubisap uonebineu e o

‘Aejdsip yoes
10} 108ysyiom Buipoo uonewloul pue sjuswalinbal uolew.lojul 0} SHUI| e

‘sallAIoe ubisep
olyoads Buipnoddns syuswalinbal walsAs pue [euoliouny pajejal 0} S)ul| e

:1edojanag welsAg ay} 40} |00} B Sy

(2 J0o 2) siusuodwo) [eanud — ASIHVI

A ¥ %




USHRIBUNDY) 3SRD 1S3 POIAIUIT-UOISISdT 7 yuswdajsan

sishipuy o8 samuboyd

IMIA Of TMDIA WO g 6SU0SE Y PRI

jsisAjeue ayj oj wiod

3
®

Ul

buipiels ayj se bBuinias

FABY] P wn s} AWAIEHIE €

PRy

‘jopow ayy Buluyal pue Buijeia)| e

. ‘Ayotelaiy uonoesisqe

ue UIylm — S108}40-9pIS ‘Sjureljsuod

‘sjeob Buiuoddns — sdiysuonejol
ssoo04d/jeob Bunnide)

110} |00 | Buljpoyy esiydeln)

Bhroizion

1
\

Al es D e Bs
AR P sI KLY DR AR Y

7 wem

SR ..#mff 1 maiuw

raowssay wong § 159vs5g

Ayoieialq uonoelisqy jeuonound ayjl buipjing *
"**$S990.d 3S9 9y} Joj poddng |00




*

‘MOIA SS9001d *
‘MBIA le19q *
‘MBIA UOD|

:(epou uo Bundl-1ybu Aq) psuoddns ase
SMOIA JuaJaIp saiy] ‘Apuaiiny “epou [eob ay} Jo MalA, 8yl Buibuey) e

‘(si0jetedos
oy BuibBelp Aqg) sjeas| uonorlisge ay} Buisde||oo Jo Buipuedx e

‘(perepdn Ajpeonewolne si Buequinu [eob
‘opou ay} Buibbeip Aq) uonoensge Jo |aAd] palisep ayi Je sepou buioe|d e

‘(apou uo Bumyoijp-sjgnop Aq) apou [eob e jo seiadoid, Buiuyeq e
‘(b uo Jeqjoo} BIA) Ayolessly 8y} ul sepou BulAypow pue buiiess) e
:Ajeuonound uaiin)

-,

*

AysiesaiH uonoelisqy jeuonodung ayy buipjing -
"*sainjeaq A9y 3SIVI




‘(1eqjooy
9} BIA) HO Jo (3inejep) ANV se sdiysuonelal jo Ayoidinw Buiuyaq

:uolusodwode( -
‘Bunedwon =
‘buipoddng  +

:(diysuonejas uo Bunjolo-ybu
AQq) peuoddns ae sadA} saiy) ‘Apuaiing -diysuonejal jo adA) Buluyeqg e

‘(@pou sseooid e
o} diysuonejas Buiuyap usyj pue MalAa ssado.d, 01 spou jeob Buipuedxa
Aq) ssao0.d-jeob 1o (ynejep) reob-eob se sdiysuonejas buluyoq e

‘(1eq|oo} Bin) Ayoseialy ey ul sepou usamiaq sdiysuoneal buluyeq e
AD@:EEOOV 3__@:0_#0:3“_ jualingd

AysielsiH uonoelisqy jeuondund ayl buipjing L
*sainjead A9y ASIVI

B, 230050, I




e3edg yiom sezesL If-g :

[THTRLIITY .j,
sauarsjed 307 000 R -+
Aeieqivened IR
8IUE]S|P (B4R BOEIBAR 53055V
1)5U03 8IUR}SIP |8ABL] {8LLIUN ARuep)
eauwisia 1oreii I
sjueged paastuun [ENPAPUL Juep)

sau
TRaASES AV Eluswsrow uened ajebaibie Aruep|

Pue squeEIvd O 38 AUNIIND 203
uerd eTqEssod ASeq AY3 IAWIITLY)
SueLSU0I PBISOAUA
esjuawsrow juspedjewiun 4uep]
i i 536Up00b,

iHVd
ayl Aq papiro.d yiomauwelj
buifjiapun ay} uo spjing

‘aInjon)s jeuoieziuebio
oY) SaW098q 98} [eoIYDJRIBIH e

‘sjuswg|g eleq
‘sjuswialinbay uonew.ou|
(suoistoap) spuewaq oAuboD
{59559001d
‘s|eon
:S1oBjILe Weal}Sumop
Buipuoddns sy} Bujuawinooq e

:10} woddns |00 |

sisfjeue Jo sjans] ajdjnw ay} 10} Yoddng -g
*"sainjedq Aay 3SOVO




WeLHQ JOLDI FI%IIG PR

aseqeiep sanspajIeieyd jediyy [

-3
£0s & 23 m I TeuBiS 3[SN0;
¥ woRIeNoo jeub|g IO,

nshg suod
 SWEISAG Uodeaps AN . &
samod jequiod Kody IR
18M0d jequind Jealeq
A 1BMO41EQUOD OjEUIPI00D
310011 J0 91000 BURLNIQ -

uoissy eynrexy [l ¢

Wi Yr €
pesiyq ubiseq
T

L rowisasiy waniy

4

3wd0o3A3g 01IELAIG

UO1{RI3UIY 3SED 1SIL PRIDIUII-LOISINAG

sishjeuy %023 aasiubod

ey R

oy} Aq papino.d yiomauielj
buifAliepun ay} uo spjing

"2injonJls jeuoneziuebio
8Y) Sewo0oa( 8aJ) [e2IYoIeIdIH e

‘sjuswie|g ereq
‘sjuswaiinbay uoneuwoju|
(suoisioep) spuews aaubon
{S9558001d
‘sjeon)
:S10BJIUe WeallSumop
Buipoddns ay) Bunuawinooq e

:10} poddns [00 |

sisAjeue Jo s|aA9| ajdijinw ay} J0) poddng g
$S320.1d 3S9H 9y} 10} 1oddng |00




‘Sp|ol} 1Xe] W40} 981 -- sjeuoljel pue uoiduosep e aAeYy UeD JoejUE Yo e
‘sjuswalinbay
uoljew.oju| 01 payoeye aq ueo (sjgeaseys) sjusws|3 eleq
:SuoIsIoa(
0] payoene aq ueo (sjgesaseys) sjuswalinbay uolewloju|
‘S|eox) 10 S8SS8001d 0] payoee aqg ued (anbjun) suoisioaq +
‘sjeox) 0} payoeye aq ued (enbiun) sessedoid
‘(mopum peaiy] ubisa(, aui uiyum uoibel
_soiuadoud, ayl eIA) sioeyie wealisumop Buipoddns sy bunuswinooqg e

:Allreuonouny juaun)

0,
o

2
°o

®.
o

sisAjeue }Jo s|ang] ajdiinw ay} 1oj poddng g
""*sainjeaq Aa) 3SOVO




YOLLIBUIY BSED ISI) PIIOIUBI-UOISIZAG T 1ustdolaAag OHEU3dS

sishjeuy Hioa

‘ubisap uonezijensia
JO sjang] aydninw spioddns

"SMBIA PaeUIPI00D 8y} asudwod
1ey) (sjusuodwod sjgqesnai/esodind
-ijjnw) swioj jeaiydelb buluyeq e

‘(jleiered
Ul U8as aq ||IM 1By} uonew.Ioul)
SMBIA PaleuIpI00d Buluyeq e

‘(1oyjoue Y)im MaIA paleuIpIo0D
auo JO Juswade|dal [e}jo})
uoijebineu aoedsyiom buluyeq e

1104 |00 |eolydelr)

"""$88204d 3SD 9y} 10} poddng joo)




UORTIBUID TSED ISTL PAIBIUBI-UDISIZIG WBULHOI2A00 OHRURIS

sisheuy wiom aaubon

3 gm:mwsmu\sumtm; 10
,“.,%_ﬂteauzhmcoo,.o:mE&,m\nm..
~ doy \_,,m.mmmmm sapiA EQH, |

i

‘SMBIA Pajeulpio0d ay} asudwod
1rey; (siusuodwod ajgesnal/esodind
-ijinw) swuoy jeoiydelt Buluyeq e

‘(jolered
ul Usas aq [|IM }ey} uoleuLojul)
SMOIA pajeulplood buluyeq e

‘(Jayl0uB YUM MOIA pajeuIpio0d
auo Jo yuswade|dal [e10})
uonebineu aoedsyiom Buluyaq e

110} |00 [eoiydeir)y

2i1n)onJls adediu| Jasn buluyaqg "¢
"*"§8990id JSI 9y} 10} poddng jooL




‘(ybu
uO Jeqjoo} BIA) MBIA 8y} ul swoj jeoiydesb Buidyipow pue Bunealn <

:uoniuyep wio- jeoydels) e

‘{(maIA ul uoibal uo
Bupjoio-ybu Ag) maia e Jo sjusuodwod sjqesbueyoleiul Bulkeidsiq «

(lybu uo req|oo} eIA) malA a8y} ul suoibal BulAjipow pue Bunesal) «
:IN0AB| MBI\ PBIBUIPIOOYD) e
:(@oedsyiom ul malA uo Bunjdlo-1ybu Ag) maia e jo 1noAe| Buile|dsiq

5:955
UO Jeqjoo] BIA) 8oeds)Iom 8y} Ul SMaIA usamiag uonebineu Buiuyaq -+

| ‘(uybu
UO Jeq|oo] BIA) 8oedsyiom ayl ui sSmalA BuilAjipow pue Bunealn

:uonebineN a0edsSHIONN e
:Allreuonoun4 juaiing

m._:ﬂo:._um 9Jkli9lu|] 19SN m:_:_hwh_ €
=*sainjead A3y ASIHVI




mmmoo#_ l_ f
| | _moc

‘sAejdsip 0} sjeob Bunosuuod
idyouiy, 8y ewoosaq suoisioaq e

‘sAejdsip 0}
suoisioap Buiubisse Aq Aejdsip yoes
10} ebeionoo, jeuonouny buiuyeq e

110} |00}

.peaiyl ubisaq,, ai1nua ay} 10} poddns pua-0}-puz
"**§S920.id 3SIH 9Yi 10} pJoddng joo L




UONRIAUBY) BSED 1S3) PAIBIUAD-LOISITAG [OENTIE PRI RUTEIELTY

ubisa uonenensIy Sishipuy 0N

3 LY BOSOLG

7

:o:mn:m:ms m:.toQsz.
B 0] [eOY) b Wolj ~“"pealy|
aj9/dwio)H e sapinoid

.-;eu_.esoﬁ& = ﬁ
Jamod fequo) seae Bl U
18M0 EQUI0D BJEUIPIN0D Aeid31Q10id 000 i $
ORI euD|S jENSIA 05u0D JuewaBeuepieony I3 @1 ¢
UORIBJI0D |RUBIS IRSNOIY se ejepdosdde sujuueleq Y
u0R29)102 (eutis 2uonde:l Tl 0dsa) eiqel(ee sujLLelaq
1ean41 Jo 821820 suiuusieg i w
PI¥ ueWN J0f puBweq ASRLS
sieeng o SjeaRy) M ssauby pauueidun sBeuey “ E:}
Jamod jequod, adeuey i} =
sieany e 103 ousg sjaejese $8M120190 JequwoD, sbeuen il # 03edg %<0 I
$1281U03 i€ 10/ |e 2L JO 82BBP BUIUL A uoISSIN 93n29X3 & Ougatre; I -
1381003 11e 2020 uosrzagneop K- 3! s g - !
Tk ros oydeiSoueaso I 1
UOR38{10D jeu)S JenSIA ._
uopI#lj0D leutig asnoav Il -;
i UORI9NOYD jeudig duondai3 Il
 pwaisAg suodesp angangsapuon [ &
We)akg uodesm sapangse; Bl &
18mod lequiod Addy 6 &
samagieqwod sauiog B i:

ool | ‘shejdsip o} sjeob Bunosuuod
| uidyauij,, 8y} 8Wwooaq SuoISIoaq e

s

e 2 B i By,

00881 sjepdoidde sujuueisg ﬁ :
asuodsal B|QB||BAR SUjULISEQ

w 105189000 82:188p suwseq P &
8PRJU) Y& JopoN i3

jeaiyy jo 89:03Q supwereq il +

S AR \ S ‘h«“_ﬁhﬁﬁmﬁmmﬁ | ‘sAe|dsip 01

114

SR JaM0g jequin, sbeuer
meiwamd L suolsioep Buiubisse Ag Aejdsip yoee
10} obeionod, [euonoun) buluyaq e

110} |001

[ wwowssarey jeoi g | 157

peaiyl ubisaq,, aijua ayy 10} oddns pus-0}-pus ¥
"""$S990.d S 9y} 10} noddng joo |




‘mopuim pealy| ubisaq, ayl ul MaIA
.dn wonoq, sy} eiA) sisAjeue ay} ui sdeb o) peasy] ubiseq ayi Aenpd e

‘(sapou [eob ay}
uo Slojesipul 8y} BIA) pealyl ubisep ayj Jo ssaualajdwod ay) bupjoel] e

:Ajljeuoijoun ualn)

peaiyl ubisaq,, aius ayy 10} poddns pua-0)}-pug ‘¥
***salnjeaq Ad9) 3SIVI




weibe|q,03edg }opM pousd(

|eajydes seagzdayuened T 1@ +
151P [8A2] 8681042 SEOSSY
uejsip (8Aen jowN YRuapt
PBAOUIUR |eNPPU) 4Quapt
juaped ejeBa 602 Juap)
SiujensuO3 PojeioA Anuap)
wuened [awun 4auep;
.550UP0OD, Ueld 8jBnjeAd
|e31ydelo JeazBoy jui . s
uopeSpeN V7 -5
oedgom iiF
83UBIBJBI¢ 307 080
Aziagvened il
JULISIP (BALR DOEIBAR $5BSSY
2 BaueISIp jeAe jowun Anuop! 4 +
souejsiq ase; [l
d pasowiun jenpiyput Aauopi - «
ow juaged ajedeiBBe Aguep) H
sjeig juered Bl =
siujensuoa pajzionAnuap I - H
|9wBAOW JusRed [3WUn HRusp) H
S38Upo0d, uejd Bjenjeal H

peaiyy ubjseq K|
SRS "0

awdojaasq oLRUaS

uofieiausQ ase) IS8} palajusd-uQisidag 2

ufitsagq uon SisAUY HIOR uboj

\ uBisag Egﬁw\

Iy

iensiA

i . F

‘pealy| ubiseaqg
oyl u1 sdeb bulAjnuapi
10J S)29Y9 SopINO.Id

‘suoIsI09(]
0} pajeloosse Jou sAeidsiq

‘sAeidsig
AQ pa1oA0d 10U SUOISIDa( puUe S[BoL)

‘leon)
€ YlIM PBJeIO0SSE 10U SUOISIOD e

:BuiAjnuapi Joj |00 | eoiydels)

sisAjeue ssauajajdwo) g

""*sainjeaq Ad) 3SIVI



2‘55

Iy delp JeAdiioy juaged a
ares 00218AR S9BSSY
e|sip (8aBs j3wun Anuap)
BADLUUN (BRPIAIPY] AuBD)
Jusfied sieBaIB6R 4Rusp|
Fuiensuoy pejejonAnuap]

 Aowi jueped jowiun Anuep|
}i.856upoob, Ue(d ajeniea
10 1e21udeio e300y uaped M-
uoReBREN B2 B
aredg o -

asuele)erd 207 ceo i -
AejeQjuap
w_.u_u_u (8L} 80eIoAR 85035V
BIUE|SIP |BAB JOWUN HRUBP}
i 83ue}S|( 18481
mn PBAOLWIUN {ENPIPU| JAUSP} " -1
us ueged ajedeifibe 4ousp)

SJU|ENSU0D PBJRIOM ANUBP}
MEEEE jusned jswun ARuepp
380Up00B, ue|d BjEnjes)

UONRIBUSS B8 158] DAINUII-UOISINAQ sudolaas( 01euadg

sishjeuy 1o anpubod

‘peaiyl
ubise ayy ul pauyep sAeidsiq
jo obelanod feuonouny, Buissessy e

‘suoIsIoa(]
0} pojeloosse jou sheidsiq e

‘she|dsiq
Aq pa1aA02 J0U SUOIS|o8( pue S[eon) e

‘lreon
© UlIM poleIdosse JoU SuoiIsioaq e

:BuiAyuepi 10} |00] [eolydels

sisAjeue ssauale|dwio) -G
***sainjead A8y 3SOVO




{(mopumm AyoselalH uonoelisqy [euolound ayj uo
1e(|o0o} 8y} ein) ubisap uonezijensia ay) jo ssaualajdwod ayj bunoel] e

‘Mopuim peaiy| ubisa(, ayj ul MaIA
.dn wonoq, ay} eIA) sisAjeue ayy ul sdeb 1oy peasy| ubiseq ayl A1lenpd e

‘(sepou |eob ay}
UO S101RJIpUI By} BIA) praiy) ubisep auyi Jo ssaualajdwod oy} bupjoel] e

:Allreuoinoun4 waiing

sisAjeue ssaua)s|dwo) °g
""*sainjead A9y 3SOVO




g e g

T .ﬂﬁ.‘ ga

O IXBIUORBUI Ul PRRSSSSE B UB)

&sﬁ. i3 BUGIM JpI0SIDJ0BIRSERS umi%u ESBURI HOL

oSS

SHS

R T

m gm \.s ~ s_._ : «w,”mw::\_\_ .EBQ

SHS
u1 pepnjoul Ajjeonewolne peaiy)

ubisep 359 8y} 01 sajepdn

‘sjuswialinbal paseg-Aedsiq e
‘sjuswalinbal paseq-jeor) e
91|10 BUO Ym pajesausab SHS

|e1jiul JO uoijelaudy) ssajweas ‘9
**"salnjead Ad) ISIVI




pealy} ubisep 380 8y}
ul ayepdn s1abbuy jppow 1098lqo
9y} JO Juswaulal ‘Ajjenjusng

" s|apo 103lgO wenbeasgns
1 wwOm ul papnjoul Ajjeoijewoine pealyl
ubisep 35D 8y} 0} seyepdn
10 whbipeied ui yoeios
‘(puabo)

‘X ydeub ‘joued j05u09) sjusuodwiod
Ae|dsip uo paseq Sesse|0 e

4SOV ulyiim
pajelauab |apow 109(qo [eniuj

wo.) buipels ajow o

* |opoy weiBeiq SSejo U] O UOHEIBUDY) 2
(uoisian ainyny) """sainjeo4 >¢v_ 4S9V




s|iejap ubisap Ae|dsiq

[04}u0d |duvlleg * ‘sAejdsip
sonssi ubisep |ND Jo} noddng . usam]aq asnal apod Joj yoddng e
Aeldsip 0} jeob wioly ‘sjueuodwod
— peaJyy ubisep aiue sy} ainyde) e pue sAe|dsip usamiaq Mmojj ejeq e
|00} Jop|Ing |ND :uoljeusojul
e yum pajeibajul — Ajjenjuany INE Alessaoau ajelausy)

Hoddnsg |no pajeibaiu) g
(UOISIOA B1N}Nny) “"*sailnjeo- Aoy 3SHOVI

v .




jsaljiAljoe Jjusuidoforap /S

JO . weaJjsuiewl,, ay] ul s 3Sovo ‘siadojonap wislsAs
0] 1oddns Ajawiy pue aA1joajje apinodd o] 1ap.ao uj

"1oejiue ol [eono se saAIes sjuswalinbal 81em)jos paldjudd-uoIsioa( e
‘Ae|dsip yoes 10} siseq ubisep, ayl sw.o} peaiy) ubiseq e

‘Hoddns uoljezijensiA pue urewop ay}
ul sdiysuolne|al [euoiloun) usamiaq syulj 8y} saysijgelse pealy) ubiseq e

sjoejile
‘Ao MV/S pue sjonpoid 3S0 usam}ag uoloauuo)

'$8900.d 9AIjRIS) U Ul S}jnsal auljol pue puedxe o0} Ase .
oseyd vy 9D ayi ul paureb spybisui [eonuo Bupuawnoop Jo suesw Y e

ssa20.4d 399 8y} 410} Loddns |00 |

sybnoaypeasg Aoy
---ubisop walsAs paseq-3SIH




VIII. CACSE USERS MANUAL

5




CACSE

Computer-Aided Cognitive Systems Engineering

CACSE Tool User’s Manual

for use with Version 3.0

—

© February 2000 « Logica Carnegie Group * Five PPG Place  Pittsburgh, PA 15222 » 412-642-6900 » www.cgi.com



'TABLE OF CONTENTS
Introducing the CACSE TOOL.......coviiiiiiiiniinrisiiisseisiesisissisesssssssssessensssensssssanes 1
Getting to Know CACSE’S COMPONENLS.....coccvrririiriisriserissesnenissiesesnesssessessessssssnesessesses 1
Getting to Know CACSE’s Key Features.........cocovnnvnninnienininenineisennsieessssesensenenees 2
Understanding the FAH ........cooviiiiniiininiictcicininctneseinienssniessessesssansanes 2
Understanding the Design Thread .........c.coccevmiinrnvcnnninininniiiiiieeneee. 2
Understanding the Workspace Design........ccccvvvninierinieniiniiniiinncniiessenseseniesens 3
Meeting Equipment REQUITEMENLS ......cuoeiiniiniiininiieriieiriiinneiesceiensessessesssssssesssesnes 3
Understanding Terms Used for INStruCtions .........cecceeeereneniisesininiensissnnneinensnnsssnnnes 3
Installing the CACSE TOOL.......ccceiiivieneniniiiniiiiniiisisssisessrestensasessessssessssnssssasases 4
Running the CACSE TOOL .....c.coviiiiiiiniinniniiiiniininiissssiessessesssssssssssssssssssssssesssssses 5
Starting CACSE ...ttt issssbesseasss s sssrsssssesssnensasssassessessans 5
Creating CACSE APPLCALIONS ....c.coveirreurrieiirininsisinsistsiesisisisisniesssssssssssessssesssssssssens 5
Opening a Saved APPLICALION .....coccvveiirniriiininintiniinirinesesrsceses s nesneseeseses 7
Changing APPLICAtIONS.......ccceivuirireneirunstieceseinriestncsissssnssesssissessesssnssssssssesessesnessssens 9
Deleting APPLCALIONS .....c.ccouivuiiiiriniiniiiinicisiniscieessiee s seseenes e ssesssssssssssaseseses 10
Changing the Size of the Abstraction Level ..., 13
Placing Nodes in the Abstraction Level.........ccccoviviveninvivenninncnineninninsnnnenen, 13
Using the FAH TOOIS ...cccccvivinininninisineniiicenisiresnesnssssessesssssessesssssssssssssessssssasenss 14
Generating @ GOAl ......cccceevererniiiiiininein ettt e ss e r e s n e s eras 14
Deleting @ GOal ......ccovrciueirriorunineiinieciincnisssiistsscsestsscsssessssesssssessssesessessassessenes 15
Selecting & Moving NOAES......uuveivirimiinniininieneiinienisseneenresismesesessesssessesssssses 15
Defining RelationShips......cccoceeeriiceeninirnsesninesisiiseicstinisissssissssisseseessssesssssssesessores 16
Defining a New INClusive OR......coiiniviiiiiniiiinininiciniciiisnncssssinssssssssssssassssesees 16
Deleting an INCIusive OR........cccvrivirinririinnnnennninenesciicninisessecsnsisernessssssessssssens 17
Changing the Relationship TYPe......cocveiiinininiiiiniiiniicitincienreesseseses e essnsssesneses 18
Developing the Design Thread ........cco.oveviinuiineeniniinicniniiiiisensceseeessesarassesens 20
Defining Properties of @ Goal NOdE.........cooivvuiniiviiivinniniineinniiininisinienseessensnens 20
ENtering DECISIONS ...coceevverueereerersenssiensestssseseessesssssnessessessssssssssssseosesssssessessassnssssonns 21
Entering Decision DEtails ........coceeiiiieeiiinniiininsiniininirisnenieeiessnisnsessssssessans 22
Entering a Master DeCiSION.......ccoceveveriieirieinsiinieniicnstiicsisinecssnssesssesssesssessesssens 23
Entering Information REQUITEMENLS ........coccvurriieiirirsnriniinneicnenscsnesseeseessessnssenes 24
Entering Information Requirement Detail ..........cccoooevrviinnnnnnee. rereereeneeaeneanes 24
Entering Data EISIMENLS ......coccoveeniiiiniciinncniniieiiininssiessecnensinsssssssessessssesssnns 25
Entering Data Element Details........cccoveveviiincnininnninnnnnncininncicneecnesnnnenn, 26
ENtering PrOCESSES ...ccucevvrrieriiriiniiricsrirtensentesinessesiessessssinssissssssssssessasnsssessessassssssnssnes 27
Entering Process Detail........ccooviveviniiiiinenincnniinninineniinnirsissssnseessecsiensenns 27
Creating a Process Diagrams ...........ccccvververvennmnnicinnniiinninineniinsisscsnisssessseseesesssnens 28
Entering a ProCess SOUICE.......coiviniiiniiiniiniiiniiiieninntiicneinscnnisanssesseesssessannsssns 28
Entering Process Source Detail..........cccccceevineninnncnnicnincnsnnrenesnnsnesisnssenssennen. 28
Entering a Process TIanSpoIt ........ccoueveieiiiiniiiniiniintiiesssessessesesnessssssessssssssesses 29
Entering Process Transport Detail ...........ceeveeveenreenercennncnnincincnscssninssscnsnesssseans 29
Entering a Process Target ........ccocveiieirirniniiininicneininneniessininesesesssssesesseenes 30
Entering Process Target Detail .......c.cccvveeiniiiecniniincnicnnncninnnennnscsesneeneen. 30
Defining Process Relationships ........ccccccevcrenmicrieneriensininecnicnsncnsiennessesesiesesnes 31

CACSE Tool User’s Manual i




Adding Decisions t0 PIOCESSES ......cciuiviiivuiriiciniiiineeieienieintsesesnest st ssssessessssssenee 32

Entering Process Decision Details ........c.ccoceeeievereeieniininieneninecseseseeeseseeeeenes 33
Entering the Process Decision as a Master DeciSion...........ccueeeveererreeesenreseesennsenens. 33
Entering Information Requirements for a Process Decision.........cceveevuereeveereereeneens 33
Entering Data EICINENLS .......ccccocivieviiieneeneeeinnincnecnrerteienrssaee e vasseesseesesesessesesessns 34

Entering Data Element Details..........coccoviiviiinninininenenictneiesieessessessessssnsesesenees 34

Updating INfOrmation.........cocueeciiviininenineneentrteie et sresse e ssesas s sesenssesnnas 35
Editing the Design TRIead .........ccoceviiieiiineiiiiiinecesreenisestssessesesaessesssaesesenenssnees 36
Editing a Process DIiagram.........cccceeuinueeereererneinieniieneeessecsiesassessessessessaesssssnsssesessens 36
Saving Edit Changes.......cccvivuiiieiiniiiiiiitnetiteiectetee et st ses e s e ssesesssssssssssnsas 37
DEIBHNG ..ottt ettt ettt sr et st ae e e esa e b s be st e b n s sa e 37
Workspace Design : Building the User Interface Structure...........cceeveeveeeeeeeverneeennen. 38
Understanding the Workspace Design LevVels ......ocoeieenrereneneesieereeeerereeeseesesnenes 39
Changing the Size of the Display Level ........cccoccrrivninnvecnientnceeeseeseeenesenens 40
Placing Objects in the Display Level........c.cccvvviinneinnienierenneerenenseeeeesesesesesenes 40
Using the Workspace Design TOOIS.........oeieviuinirirereecrieererrrerireeisinessseesesesssssssssesessssenns 41
Creating @ New PIOCESS VIEW.....ccoiciivieireiieeniietneniecrseseestestsseessssssessesssssenssssesesses 41
Defining Properties Of @ PrOCESS VIEW .....c.cccecveereetrreneneciineeinecsennessesssssessssesessenns 42
Creating a Visual DisSplay .......cccccceeeuerinerneerierneeinncncncniesrsniressssnessessessessesssesennes 43
Defining Functional Coverage for a Process VIEW.......cccoveeereereeveesieecrnenreneerensersens 44
Creating a Process VIEW Layout........cccccocerreiiiiiiniininiennecnecninceesessessssesssessssssssennns 45
Resizing the Process View Layout Object........ccocvvvvinveenenienicreniieseeneeeesseererseseens 45
Defining Properties of a Process View Layout.........coccevceerienersienernrreenceenieniesiesnens 46
Creating the GraphicC FOImM ........cociiiiiiciiniiiiiiiinccee et sre st saeens 46
Defining Properties of a Graphic FOIm ......c.ccoviviviniiniciiininiierienresesseenreseneesenes 47
Creating a Graphic Form Visual Display........c..ccccecerinerenienininenenresseeneneeresseresssees 48
Defining Functional Coverage for a Graphic FOrm..........ccccervvenvecirvienecvecrerenereenene 48
Understanding Automatic Relationships .......coc.eeevueeennierenensenesinnennrecreseeeseeresiveeseeses 49
Defining Relationships for the DisSplay........cccocceeverrverrrrercrenieneiinenerseesenesseenssesessenns 49
Deleting a Relationship........cooiviiivuinieniintiniienenennenceseeesetnesset e ssseeseeeesseseseeses 52
Moving Workspace Design ODJECES ......coceverereervernererienienensennticseesssesesessessessssessssses 52
Exploring Viewing Options to Track COMPIELENESS .......cocvvververurrirereerereesrecersaerereenssesans 54
Viewing Detail in the FAH........cccoiiiniiiiiiiieitcciestcenreses st sessesnsesesos 54
Changing Views of the FAH WiINdow.........cccecuevinininninniniineninecseneeseeeesesessessees 55
Using Graphic Overlay to View Visualization in the FAH.........cccecviniiinnvinneccnnnne. 56
Viewing the Design TRread ...t sanes 57
Adding & Deleting Master Decision CategoTies ........cceeverrreereerreereensereersesssersersersenas 59
Querying the Database .......cccceevieirieeercceeceeertetetertesterre st ste e s se e e s s sae e 60
Viewing the WOIKSPACE........ccoviiiiiiicneiieienrteteieciees et see s esaesbesaesssesassanns 61
Outputting the CACSE Application Results........cccceveriirereevirnienienerenienseesseenenessesseseenns 62
Creating @ TeXt FIle .....ooviviniiiiiiiiiiiiiccccne ettt 62
Creating an HTML FAIe .....coccciriiiiiiiiiciceciectcteine ettt e e seesss s e seesassneas 63

CACSE Tool User’s Manual iii



Generating an SRS......cccminiiiiiieinisseee e s s ssens 64
Printing CACSE FAH.......ccoeeiiiiiniicinciniiniissinssesesssssenssssssssessssssssssssssssssssans 64

Appendix: Migrating the Database .........ccceeererereernieinnnienisineccstsseeeieennes 65

CACSE Tool User’s Manual iv



1
LIST OF ILLUSTRATIONS

Icons & Menus

CACSE OP-3 ICOM ...cueueiirereeeriererenecntsesienessaesseresesestssssssesesssessssssesssssssssassssasansessans 5
APPLCAtION MENU ....cvruiniiiiiitiiiiiiiiesierisincet e sse b s es s 9,64
EQit MENUL...ciiiiiiieiiiicieeitieeteeeteseteesstsesseseeecsasessassssstessassssessssssessesssbnssessesesssssessness 15
Relationship POP-UP MENU .....ccccocuemeiiniiiiniiiiiiniineicneni e iresetesssneseseseesnes 18
VIEW MENU.....coiiiiiiiiritiiiniientiiinscste s bcsn e ss st s s e sb s sas e e s s s ae s e b ns 38
Process View PoOp-Up MeNU.......c..covivvnininiiiiiinnncsiieinscesesesss s saneeessesseanes 42
Process View Layout Pop-up Menu ........ccccuvccenmveniiviniiininicntiinninnseeensse e esennes 46
Graphic Form Pop-up MenU ...t enees 47
GOal POP-UDP MENU ...ttt sssess s s b ssessesssessnes 55

Displays, Explanations & Lists

CACSE Opening DiSpPIay .......ccccvccvirieereeerienriisinienieisieesseesessessssessesesassssssssssessas 5
Master Decision Category Pull-down List......ccccoovieeiininiiiicnniiiniinninniencineennnns 23
Process Diagram Explanation..........cocceeciiviiiniiniiniinniiicciierecneeneescesensee e 32
Decision COVErage SECHOM .........cocviceeiiiiiiiinienriinieisiiesss e ssesesresssesssssesaense 44
Workspace Design Window Explaining Automatic Relationships .........cccceeeneenee. 50
Object Movement Limitations EXplanation.........c.coeveviviirinenieiinieienennsieennesessenes 53
Explanation of Detail View ICONS.......c.covvnvmuiiiiiinniiiiiiiieiencnennes e 54
Graphic Overlay Example.........cccovcvvriininniiiiiniiceciictieereees e 57
Example Decision and Object LiSts.......ccceuivivmiiiniiiiiiiininiiinseneeeee e essenees 58
Example Query of Process Displays.......ccuiiivinviiviniinininniiniiiniennnesieeieesnsennees 61
Windows

New Application WINAOW .....c.co.cviiiiiiiniiniiiiieiciitiieteese e sase e s s s 6
FAH and Design Thread Windows........ccccoeviviiiniinriniiinniininineeeeenesseeesessenne 7
Open Application WINAOW .......cccceiiiiininieiiiniiinineieenessssesss e se b e ssasnas 8
Delete WINAOW .....eceiriiniiictiniiiiniienicniiiiencnesicsssste st sseassssssssesaesssessesssessesssessanses 10
FAH Window Showing Relationship TYPeS....c.cccoevveerieemrirnscnienininecseniisessieseans 19
Properties of a Goal Node Shown in the Design Thread Window ..........cccouvueeennene. 21
Decision Section of Design Thread Window.........ccccovviinininnniiinvnnienieniinneninnnennne. 23
Data Elements Section of Design Thread Window .........cccevvvenncnieniinncvinnicnenennn 25
Workspace Design Window & Process View Section of Design Thread Window... 43
FAH Window Showing CACSE’s Three VIEWS .......ccccvivinviininniininniinnisieenseenes 56
CACSE Database Migration WIndow .........ccccceemnicviiniineiunniinnniinneinieesessesennes 65

CACSE Tool User’s Manual v



Tables

Abstraction Levels Explanation Table.........cccccveerinmneineininiiincniencseestenssnenacenns 12
FAH Toolbar Explanation Table .........cccueerienmeriennenninienniesesnsestsnsnscsssssesssnnsenens 14
Process Diagram Toolbar Definition Table.........uoueerernemeiiinnceiniececnneee 28
Display Levels Explanation Table........ccoceieiieeiescscnineniseneesscniccicnsinessissiincacaens 39
Workspace Design Window Toolbar Definition Table ........couecvvmivnivcvienininnvsnnnnnnen, 41

CACSE Tool User’s Manual

vi




INTRODUCING THE CACSE TooL

The Computer-Aided Cognitive Systems Engineering (CACSE) Tool was created by
Logica Carnegie Group to facilitate the development of effective decision support
systems. Its purpose is to integrate cognitive work analysis (CWA) and cognitive
systems engineering (CSE) methods and approaches with the system development
process.

Functional and decision analyses created using multi-layered CWA methodology are
generated during the modeling and analysis phase. System design requirements are
generated during the creation of information requirements, which lead to display task
descriptions, and functional requirements, which lead to processing-transformation
requirements. System design requirements lead to the visualization design, where
graphical depictions and storyboard/prototypes can be developed using the workspace
design. This combination of these system and workspace design leads to decision-
centered test case generation.

Successful application of the CACSE Tool allows you to generate human-centered
systems requirements by capturing all of the output from a multi-layered CWA
methodology. CACSE provides the ability to assess current support tools and
technologies for specific users within the context of a CWA while assessing ongoing
technology development to support decision requirements. The results of the CWA may
be applied to the definition of visualization and processing requirements for advanced
human-system interface design technologies.

At the completion of an analysis, CACSE Tool users will feel more completeness in
reaching the goal of “Have I covered everything?” The analysis results then can be given
directly to the system developers in hopes of building the ideal program. By generating
CSE results in mainstream software development activities, analysts can provide
effective and timely support to system developers.

Getting to Know CACSE’s Components I ———m

The CACSE Tool is composed of three critical components: 1) CWA modeling tool;

2) system design tool; and 3) workspace design tool. The CWA modeling tool provides a
functional modeling environment for capturing critical relationships within the domain.

A template also is provided for documenting underlying cognitive demands and
performance requirements, as well as for capturing critical decisions in relation to
functional relationships. The system design tool provides a mechanism for identifying
information requirements and supporting data elements linked to the critical decisions. In
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addition, the system design tool provides a mechanism to define the workspace design
and link individual displays to the underlying decisions that the displays are designed to
support.

Getting to Know CACSE’s Key Features I

The Functional Abstraction Hierarchy (FAH), the Design Thread and Workspace Design
comprise the three key features of the CACSE Tool. The FAH is a graphical modeling
tool which stores goal-process relationships, supporting goals, constraints and side-
effects, and allows you to iterate and refine the model. The Design Thread supports
documenting, including goals, processes, cognitive demands (decisions), information
requirements and data elements for downstream artifacts. The Workspace Design is a
tool for modeling the organization of the user interface, including navigation between
different views and hierarchical relationships between user interface components.

Understanding the FAH

The FAH allows you to create and modify nodes in the hierarchy, define “properties” of a
goal node, place nodes at the desired level of abstraction, expanding or collapsing the
abstraction levels, all the while automatically updating goal numbering.

The FAH window can be viewed three different ways, as icons, showing detail and
viewing process. Three types of relationships, supporting, competing, and
decomposition may be defined between nodes in the hierarchy; these may be defined as
goal-goal or as goal-process. Relationships may be ANDed or ORed.

Understanding the Design Thread

Multiple levels of analysis are supported by CACSE which build on the underlying
framework provided by the FAH. Using the “Properties” region within the Design
Thread window, a hierarchical tree becomes the organizational structure.

Unique processes can be attached to goals, and unique decisions can be attached to
processes or goals. Shareable information requirements may be attached to decisions,
while shareable data elements may be attached to information requirements; each artifact
can have a description and rationale using free form text fields.

CACSE’s graphical tool provides checks for identifying gaps in the design thread,
allowing you to assess “functional coverage” of displays defined in the design thread.
Finally, you may output the analysis to a text file in systems requirements specification
(SRS) format. :
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Understanding the Workspace Design

To support multiple levels of visualization design, the CACSE Tool provides you with a
graphical tool for defining workspace design. This graphical tool has the capability to
model parallel (information presented together within a coordinated view) or serial (total
replacement of one coordinated view with another) display of data. It allows you to
define graphical forms that comprise coordinated views.

Meeting Equipment Requirements |

At a minimum, the CACSE Tool runs on any personal computer equipped to run JAVA
and Microsoft Windows, with an ability to connect to a database. In order to run the
CACSE Tool the following hardware and software are suggested:

. Win32 Release for Windows 95, Windows 98 and Windows NT 4.0
on Intel hardware: 486/DX or faster processor minimum,
Pentium processor recommended

. 32 MB of RAM

. 1024x768 color monitor (minimum 16 bit color)

. Double-speed CD ROM drive (or higher)

Understanding Terms Used for Instructions p s —

The following terms are used throughout this manual to give instructions.

Click/Click on means to position the mouse over an item, press down the left
mouse button, then. Instructions will indicate those times when
you should press down the right mouse button, then release.

Double-click means to click the left mouse button, twice, quickly.

Drag means to position the mouse on or over an item, press down the
left mouse button, keeping the button pressed, move the cursor to

another location, then release.

Highlight means to change the shade of the background in a data entry field
(by clicking on it or dragging).
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Installing the CACSE Too] /N

Installation instructions are provided on the inside cover of the CACSE CD case and are
as follows.

If Microsoft® Windows is not already running:

. Start Windows.

. Insert the CACSE CD disc into the CD ROM drive.
The installer should run automatically.

If the installer does not run automatically, assuming the D drive is the CD
ROM drive:

. Run D:/setup.exe.
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RUNNING THE CACSE TooL

The CACSE Tool is a stand alone system. To run the CACSE Tool locate the CACSE

OP-3 icon on the desktop.

Starting CACSE I
To start the CACSE Tool:

. Double-click on the CACSE OP-3 icon. | A R
CACSE OP-3

A JAVA window appears and then the CACSE open

CACSE Opening Display

You may now choose to create a new application or open a previously
saved application.

Creating CACSE Applications I —

Applications, or analyses, may be created, saved and queried. Saved applications may be
modified, and application data can be output to an HTML file in SRS format.

CACSE Tool User’s Manual 5



To create a new CACSE application:

Click on the radio button preceding “Create a new application”
in the CACSE window.

Click on the OK button.

& Ifyou click on the Cancel button, the CACSE window closes and the
desktop is empty.

The New Application window appears.

New Application Window

Type a Name for the application you wish to create in the field provided.
Type a Summary description, if you wish.
Click on the OK button.

& Ifyou click on the Cancel button, the CACSE window closes and the desktop
is empty.

The FAH and Design Thread windows appear. (See the illustration on the
following page.)
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FAH and Design Thread Windows

Opening a Saved Application

To open an existing CACSE application:

. Click on the radio button preceding “Open an existing application” in
the CACSE window.

. Click on the OK button.

@ Ifyou click on the Cancel button, the CACSE window closes and the desktop
is empty.

The Open Application window appears. (See the example on the
following page.)

. Click on the name of the application you wish to open to highlight it.
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ICPOF
Threat Assessment-2
test-1

Choose Combat Power
New Analysis
Threat Assessment-1

Open Applicatih Window

. Click on the Open button.

@D Ifyou click on the Cancel button, the Open Application window closes and the
desktop is empty.

If you receive an error message stating that you cannot open the application
because it is in use, you may need to remove the folder with the name of your
data set and the extension “.ODX”.

To do so:
. Locate the c:\CACSE\bin directory using your file manager.
. Delete the respective “.ODX” file. .

The FAH and Design Thread windows appear. (Refer to the illustration
on the previous page.)

You are now ready to begin building the FAH.
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Changing Applications

Using the Application menu, you may move from an application you are working on to
one you have saved previously.

To do so:

. Click on the Application menu.

. Click on Close.
If you have made changes to the application and have
not updated it, the Application window appears. The
Application window prompts you to save the
application.

To save application changes:

o Click on the Yes button.

Otherwise, to close the application without saving S i i
the changes: Bt l

Applicatibn Menu
. Click on either the No or Cancel button in
the Application window.

The application closes. You may now
open another application.

To open another application:
. Click on the Application menu.
. Click on Open.

. Follow the instructions on page 7.
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Deleting Applications

To delete a CACSE application:
. Click on the Application menu.
. Click on Delete.

The Delete window appears, prompting you with the question, “Are you
positive that you wish to delete this application?”

Delete Window

To delete the application:

Click on the Yes button.
Otherwise, to cancel and return to application:

. Click on either the No or Cancel button in the Delete window.

Quitting the CACSE Tool 1 —
To quit the CACSE Tool:
. Click on the Application menu.
. Click on Exit.

If you have made changes to the application, you will be prompted by a
dialog asking whether or not you wish to save the changes.
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To save changes:

. Click on the Yes button.
Otherwise:
. Click on the No or Cancel button.

The program closes and the Finished CACSE window appears.

. Click on the close box on the Finished CACSE window.
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BUILDING THE FAH

Building the Functional Abstraction Hierarchy (FAH) serves as the starting point to the
analysis. The FAH is a graphical modeling tool designed to allow the analyst to capture
goal/process relationships, supporting goals, constraints and side-effects within an
abstraction hierarchy, and iterate and refine the model.

Using the FAH, you may create and modify nodes in the hierarchy using the tools in the
toolbar to the left of the FAH window. You define “properties” of a goal node, e.g.,
decisions, processes etc. in the right side of the Design Thread window.

Understanding the Levels of Abstraction g ——

The five sections that divide the FAH window horizontally are levels of abstraction; these
abstraction levels provide the framework for the means-ends relationships. The levels of
abstraction are explained in the table below. They help explain a path taken by a user
through a workspace by depicting the complexity of the workspace taken together with
the goals and resources of the user.

Functional Purpose | The Functional Purpose level should contain objectives; concepts of purpose and
value necessary to establish relations between system performance and reasons
for design.

Abstract Function The Abstract Function level should contain those concepts necessary for setting
priorities and allocating resources to various general functions and activities
necessary to establish priorities.

Generalized Function| The Generalized Function level should contain general work activities and
» functions; activities or functions at this level are independent of the underlying
processes involved, including their physical implementation.

Physical Function The Physical Function level should contain specific work processes and physical
Processes needed to create and maintain generalized functions.

Physical Form The Physical Form level should contain appearance, location and configuration
of objects for navigation of the system.

Abstraction Levels Explanation Table
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Changing the Size of the Abstraction Level

You may expand or collapse the abstraction levels to vary the size of the section
(vertically).

To change the size of a section of the FAH window:

. Click on the Selection tool.

. Position the Selection tool (mouse) over the separator (line at the bottom
of the section) you wish to expand or collapse until the cursor takes the
form of a crosshair.

. Drag the separator to the desired location.

Placing Nodes in the Abstraction Level

You may place goal nodes at any level of abstraction.
To do so:
. Click on the goal node to highlight it.

Highlighting is indicated by solid red squares surrounding the perimeter of
the goal.

. Drag the node to the desired location.

<N Goal numbering is updated automatically.
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Using the FAH Tools 1 —

Along the upper left side of the FAH window is a toolbar containing five tools used to
. build the FAH. These tools are explained in the table below.

&3] Overlay Tool

Selection Click on the Selection tool to highlight goals in the FAH and Design Thread
Tool windows.
New Goal Tool| Click on the New Goal tool to create goals in the FAH window.
New Inclusive Click on the New Inclusive OR tool to establish that one of any number
OR Tool supporting goals must be satisfied to achieve a supported goal.
Click on the New Relationship Tool to link one goal to another in order to show
New support: supporting, one requires the other; competing, one or the other;
Relationship decomposition, expanding upon what’s there in order to reduce the process
Tool (multiple steps or greater level of detail).
Graphic Click on the Graphic overlay tool to depict decision/goals used for a specific

visual display (defined in the Workspace Design window).

FAH Toolbar Explanation Table

Generating a Go:a ] 1—

To create a new goal:

. Click on the New Goal tool to the left of the FAH window.

. Click inside the FAH window where you wish to place the goal.

A goal node appears in the FAH window, and is automatically given a
number in the hierarchy of the display.

You may either continue creating new goals or define the properties of the
goal you have just placed. (Refer to the instructions on page 20.)

<n

You must click on the Selection tool or another tool in the toolbar to
discontinue placing goals, (i.e., turn off the New Goal tool).
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Deleting a Goal

To delete a goal from the FAH window:

Usiﬂg the Selection tool, click on the goal node you
wish to delete.

The goal will become highlighted (solid red squares).

Click on the Edit menu. TSkl ‘&?@
Click on Cut. Edit Menu

The goal node is removed from the FAH window, goal
numbering is automatically updated, and any property
information for that goal is removed from the Design
Thread window.

L) You also may use the Cut option on the Goal pop-up menu. See page 55.

Selecting & Moving Nodes

To select all the nodes in the FAH window, perhaps to move them as a group:

Click on the Edit menu.
Click on Select All

All of the nodes and their relationships in the FAH window become
highlighted (solid red squares).

To move the nodes:

Using the Selection tool, click on one of the highlighted nodes and drag
them.

All of the nodes are moved.
To deselect the nodes:

. Click anywhere in the FAH window, except on a node.
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Defining Relationships IN——— i —

You define relationships to make one goal support another by connecting the goals using
the New Relationship tool. Relationship may be defined between goals (goal-goal
(default)), or between goals and processes (goal-process), by expanding goal node to
“process view” and then defining the relationship to a process. CACSE supports
relationship multiplicity; the default relationship is “and”, or you choose to “or” the
relationship using the New Inclusive OR tool. You also may define relationships
between goal nodes and inclusive OR nodes.

To define relationships between hodes in the hierarchy:

. Click on the New Relationship tool to the left of th;a FAH window.
. Click on the supporting goal node.

. Click on the supported goal node to complete.

@n You must not move the cursor AT ALL when you click.

A relationship cannot be drawn to itself.

You must click on the Selection tool or another tool in the toolbar to
discontinue placing relationships, (i.e., turn off the New Relationship tool).

To define relationships between goal nodes and processes node:

. Click on the New Relationship node in the toolbar to the left of the FAH

window.
. Click on the supporting goal or process node.
. Click on the supported goal or process node to complete.

(See notes above.)

Defining a New Inclusive OR N —

CACSE supports relationship multiplicity. When defining a relationship using the New
Relationship tool, the default relationship is “and”. You may choose to “or” the
relationship using the New Inclusive OR tool with the New Relationship tool. The
inclusive OR establishes that at least one of any number of supporting goals must be
satisfied to achieve a supported goal. Use the New Relationship tool to link supporting
goals to the inclusive OR and then link the inclusive OR to the supported goal.
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To create a new inclusive OR:

Click on the New Inclusive OR tool to the left of the FAH window.
Click inside the FAH window where you wish to place the OR.

A node appears in the FAH window. You may either continue creating
ORs, or connect them to goals using the New Relationship tool.

&N You must click on the Selection tool or another tool in the toolbar to
discontinue placing “or’s, (i.e., turn off the New Inclusive OR tool).

To define relationships between goal nodes and the inclusive or:

Click on the New Relationship node in the toolbar to the left of the FAH
window.

Click on the supporting goal or process node.
Click on the inclusive OR node.
This defines the first of the supporting goals in the OR relationship.

Repeat this process for additional goal nodes that are to be included in the
OR relationship.

Click on the inclusive OR node.
Click on the supported goal or process node to complete.

(See notes on the previous page.)

Deleting an Inclusive OR

To delete a relationship from the FAH window:

Using the Selection tool, click on the relationship arrow you wish to
delete.

The arrow becomes highlighted (solid red squares).

Click on the Edit menu. (See page 15.)
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. Click on Cut.

The relationship arrow is removed from the FAH window.

«n You also may use the Cut option on the Relationship pop-up menu. (See
below.)

Changing the Relationship Type I

The CACSE too] allows you to set three types of relationships: supporting, competing
and decomposition. A supporting relationship means that one node provides a supporting
function to the higher-order goal node; it appears solid black. A competing relationship
means that one node works against the function of the higher-order goal node; it appears
dashed-red. Finally, a decomposition relationship expands upon what’s there in order to
reduce the process (multiple steps or greater level of detail); it appears solid gray.

To change a relationship type:

. Using the Selection tool, position the mouse on the relationship (line
with arrow) you wish to choose and click the right mouse button.

The Relationship pop-up menu appears.

Relationship Pop-up Menu
. Click in the radio button preceding the type of relationship you wish to
select.

The selected relationship indicator appears. (See the example on the
following page.)
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DEVELOPING THE DESIGN THREAD

Using the Design Thread window, unique processes can be attached to goals, and unique
decisions can be attached to processes or goals created in the FAH window. Shareable
information requirements may be attached to decisions, while shareable data elements
may be attached to information requirements.

@

Each object may have a description and rationale using free form text fields.

Defining Properties of a Goal Node I

To define the properties of a goal node:

Using the Selection tool, double-click on the goal node.

The properties of that goal node appear in the right side of the display in
the Design Thread window. (See the example on the following page.)

@D You also may select the Properties option from the Goal pop-up menu (See
page 55). ' '

Click in the text field provided and type a Keyword for the goal.
Click in the text field provided and type a Description.
Click in the text field provided and type a Rationale.

You also may enter decisions and processes in the sections and fields
provided.

If you do not wish to enter decisions or processes:

. Click on the Update button at the bottom of the Design Thread
window.
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#Opened application: Threat Assessment-2

Properties of a Goal Node Shown in the Design Thread Window

Entering Decisions

To enter a decision:

. Click on the Add button in the Decision section of the Design Thread
window.

The text field area below the field Name appears white.

@ Ensure that the Design Thread radio button is selected in the Design Thread
window; otherwise, you will view decision or object lists.

. Click in the text field provided and type the Decision.
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. Press the Enter key on the keyboard.
Once you have added a decision, you may categorize the decision in the
master decision list, as well as enter information requirements for the
decision.

If you do not wish to enter additional detail:

. Click on the Update button at the bottom of the Design Thread
window.

Entering Decision Details

Once you have entered a decision, you may select it and enter details concerning that
decision.

To enter decision details:
. Click on the name of the Decision you wish to edit.

@) If more than one decision is in the list and you do not select one, details are
provided for the last item in the list. The pull down arrow at the end of the
Jield provides you with the full list.

That selected item in the list appears highlighted in the Decision text field.
. Click on the Edit button under the Decision section.
The Decision section is brought to the top of the display, and shows two
additional fields, Description and Rationale, and two additional sections,
Master Decision Category and Information Requirements. (See the
illustration on the following page.)
. Click in the text field provided and type a Description.
. Click in the text field provided and type a Rationale.

If you do not wish to enter additional detail:

. Click on the Update button at the bottom of the Design Thread
window.
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Entering a Master Decision

When entering decision details, you may subscribe to
the section for entering the decision selected into the
master decision category.

To do so:
. Click in the text field provided, or i
on the pull down arrow at the end {Feedback Monitoring
of the Master Decision Category e A e e e
field. Master Decision Category
Pull-down List

A pull-down list of categories appears.
. Click on the name of the category in the list.

That name appears highlighted in the Master Decision Category text field.
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If you do not wish to enter additional detail:

. Click on the Update button at the bottom of the Design Thread
window.

Entering Information Requirements

Information requirements may be entered for a selected decision.
To enter information requirements:

. Click on the Add button in the Information Requirements section of the
Design Thread window.

The text field area below the field Name appears white.
. Click in the text field provided and type the Information Requirement.
. Press the Enter key on the keyboard.

Once you have added an information requirement, you may enter
additional detail, including data elements.

If you do not wish to enter additional detail:
. Click on the Update button at the bottom of the Design Thread

window.

Entering Information Requirement Detail

Once you have entered an information requirement, you may select it and enter additional
details.

To enter information requirement details:
. Click on the name of the Information Requirement you wish to edit.

& If more than one information requirement is in the list and you do not select
one, details are provided for the last item in the list. The pull down arrow at
the end of the field provides you with the full list.

The selected item in the list appears highlighted in the Information
Requirement text field.
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. Click on the Edit button under the Information Requirement section.

The Information Requirements section is brought to the top of the display,
and shows two additional fields, Description and Rationale, and one
additional section, Data Elements.

Data Elements Section of Design Thread Window

. Click in the text field provided and type a Description.
. Click in the text field provided and type a Rationale.
If you do not wish to enter additional detail:

. Click on the Update button at the bottom of the Design Thread
window.

Entering Data Elements

Data elements may be entered for information requirements.
To enter Data Elements:

. Click on the Add button in the Data Elements section of the Design
Thread window.

The text field area below the field Name appears white.

. Click in the text field provided and type the Data Element.
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Press the Enter key on the keyboard.

Once you have added a data element, you may enter details for that data
element.

If you do not wish to enter additional detail:

. Click on the Update button at the bottom of the Design Thread
window.

Entering Data Element Details

Once you have entered a data element, you may select it and enter additional details.

To enter data element details:

Click on the name of the Data Element you wish to edit.

<&@ If more than one data element is in the list and you do not select one, details
are provided for the last item in the list. The pull down arrow at the end of the
Jield provides you with the full list,

That selected item in the list appears highlighted in the Data Element text
field.

Click on the Edit button under the Data Element section.

The Data Element section is brought to the top of the display, and shows
four additional fields, Description, Rationale, Type and Constraints.

Click in the text field provided and type a Description.

Click in the text field provided and type a Rationale.

Click in the text field provided and enter the Type of data element.

Click in the text field provided and type Constraints for the data element.

Click on the Update button at the bottom of the Design Thread window.
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Entering Processes I

Use the scroll bar to the right of the Design Thread window to view the process entry
field.

To enter a process:

. Click on the Add button in the Processes section of the Design Thread
window.

The area below the field Name appears white.
. Click in the text field provided and type the Process.
. Press the Enter key on the keyboard.

Once you have created a process description, you may enter process detail
and create a process diagram.

If you do not wish to create a process diagram:
. Click on the Update button at the bottom of the Design Thread

window.

Entering Process Detail

To enter process detail:
. Click on the Edit button under the Process section.

The Graphical Form section is brought to the top of the display, and shows
three additional fields, Description, Rationale and Process Diagram.

. Click in the text field provided and type a Description.
. Click in the text field provided and type a Rationale.
If you do not wish to create a process diagram:

. Click on the Update button at the bottom of the Design Thread
window.
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Creating a Process Diagrams

Once you have created a process description, you may create a process diagram. The
Process Diagram section of the Design Thread window contains five tools that allow you
to create the properties of the process. See the table below.

Selection Click on the Selection tool to highlight process nodes in the Process
Tool Diagram section.
New Source Click on the New Source tool to enter a process source.
Tool
New Transport Click on the New Transport tool to enter a process transport.
Tool
New Target Click on the New Target tool to enter a process target.
: Tool
| New Relationship | Click on the New Relationship tool to link one process to another in
Tool order to show support.

Process Diagram Toolbar Definition Table

Entering a Process Source

To enter a process source:
. Click on the New Source tool.
. Click in the Process Diagram display.

The process source node is displayed. You may now change the name and
enter detail for the process source.

If you do not wish to enter additional detail:
. Click on the Update button at the bottom of the Design Thread

window.

Entering Process Source Detail

To enter process source detail:
. Double-click on the process source node.
The Source section is brought to the top of the display, and shows two

additional fields, Description and Rationale.
. Click in the text field provided and type a Description.
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. Click in the text field provided and type a Rationale.

You may wish to create additional sources, targets, transports or
relationships. (See the previous and following sections.)

When you are finished with the process diagram:

. Click on the Update button at the bottom of the Design Thread
window.

To return to the top of the Process section:

. Double-click on a goal node in the Design Thread list.

Entering a Process Transport

To enter a process transport:
. Click on the New Transport tool.
. Click in the Process Diagram display.

The process transport node is displayed. You may now change the name
and enter detail for the process transport. -

If you do not wish to enter additional detail:
. Click on the Update button at the bottom of the Design Thread

window.

Entering Process Transport Detail

To enter process transport detail:
. Double-click on the process transport node.

The Transport section is brought to the top of the display, and shows two
additional fields, Description and Rationale.

. Click in the text field provided and type a Description.
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Click in the text field provided and type a Rationale.

You may wish to create additional sources, targets, transports or
relationships. (See the previous and following sections.)

When you are finished with the process diagram:
. Click on the Update button at the bottom of the display.
To return to the top of the Process section:

. Double-click on a goal node in the Design Thread list.

Entering a Process Target

To enter a process target:

Click on the New Target tool.
Click in the Process Diagram display.

The process target node is displayed. You may now change the name and
enter detail for the process target.

If you do not wish to enter additional detail:

. Click on the Update button at the bottom of the Design Thread
window.

Entering Process Target Detail

To enter process target detail:

Double-click on the process target node.

The Target section is brought to the top of the display, and shows two
additional fields, Description and Rationale.

Click in the text field provided and type a Description.
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. Click in the text field provided and type a Rationale.

You may wish to create additional sources, targets, transports or
relationships. (See the previous and following sections.)

When you are finished with the process diagram:

. Click on the Update button at the bottom of the Design Thread
window.

To return to the top of the Process section:

. Double-click on a goal node in the Design Thread list.

Defining Process Relationships

You define relationships to make one process node link to another by connecting them
using the New Relationship tool. Click on the New Relationship tool to link one process
to another in order to show process flow.

To define relationships between process diagram properties:

. Click on the New Relationship tool in the Process Diagram section.
. Click on the up-stream process node.
. Click on the down-stream process node to complete the relationship.

The process diagram nodes are connected. (See the explanation on the
following page.)

@D You must not move the cursor AT ALL when you click.

A relationship cannot be drawn to itself.

You must click on the Selection tool or another tool in the toolbar to
discontinue placing relationships, (i.e., turn off the New Relationship tool).
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Adding Decisions to Processes

By adding a decision to processes at this point in the hierarchy, you may use this a key
way to access the different levels of details.

To enter a process decision:
. Click on the process node in the left side of the Design Thread window.

. Click on the Add button in the Decision section of the Process Properties
region of the Design Thread window.

The text field area below the field Name appears white.

. Click in the text field provided and type the Decision.

. Press the Enter key on the keyboard.
Once you have added a decision, you may categorize the decision in the
master decision list as well as enter information requirements for the
decision.

If you do not wish to enter additional detail:

. Click on the Update button at the bottom of the Design Thread
window.
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Entering Process Decision Details

Otherwise, to enter process decision details:

Click on the name of the process decision to highlight it.

Click on the Edit button under the Decision section of the Design Thread
window.

The Decision section is brought to the top of the display, and shows two
additional fields, Master Decision Category and Information
Requirements.

Entering the Process Decision as a Master Decision

To enter the process decision into the master decision category:

Click in the text field provided, or on the pull down arrow at the end of the
Master Decision Category field.

A pull-down list of categories appears. (See page 23 of this user’s
manual.)

Click on the name of the category in the list.
That name appears highlighted in the Master Decision Category text field.
If you do not wish to enter additional detail:

. Click on the Update button at the bottom of the Design Thread
window.

To return to the top of the Process section:

. Double-click on a goal node in the Design Thread list.

Entering Information Requirements for a Process Decision

To enter Information Requirements for a process decision:

Click on the Add button in the Information Requirements section.

The text field area below the field Name appears white.
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. Click in the text field provided and type the Information Requirement.

. Press the Enter key on the keyboard.

Once you have added an information requirement, you may enter a data
element for it.

If you do not wish to enter additional detail:

. Click on the Update button at the bottom of the Design Thread
window.

Entering Data Elements

To enter Data Elements:
. Click on the Add button in the Data Elements section.
The text field area below the field Name appears white.
. Click in the text field provided and type the Data Element.
. Press the Enter key on the keyboard.

Once you have added a data element, you may enter details for that data
element, including a description, rationale, type and constraints.

If you do not wish to enter additional detail:
. Click on the Update button at the bottom of the Design Thread

window.

Entering Data Element Details

To enter data element details:
. Click in the text field provided and type a Description.
. Click in the text field provided and type a Rationale.

. Click in the text field provided and type a Type.
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. Click in the text field provided and type Constraints.
To save all the detailed information:

. Click on the Update button at the bottom of the Design Thread
window.

To return to the top of the Process section:

. Double-click on a goal node in the Design Thread list.

Updating Information

At many points while you are adding information to an object that you wish to keep for
the analysis, you should update the information. You definitely should update it once
you entered additional details concerning the goal.

To save Design Thread information:

. Click on the Update button at the bottom of the Design Thread
window.

To return to the top of the hierarchy:

. Click on a goal node in the left side of the Design Thread
window.
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EDITING THE DESIGN THREAD

To edit text entries for Decisions, Processes, Information Requirements and Data
Elements:

. Click on the name of the Goal, Decision, Process, Information
Requirement or Data Element (in the left side of the Design Thread
window) that contains the object you wish to edit.

& Since the Information Requirements and Data Elements fields are shareable,
the pull-down arrow at the end of these fields provides you with the full list.

That name appears highlighted in the text field.
. Click on the Edit button for that section.
You may now change the information for the object that you are editing.
Editing a Process Diagrarn I —
To edit a process diagram for a selected process:

. Click on the g (process diagram icon) in the left side of Design Thread
window.

& A process is entered at the goal level.

The Process Details section of Design Thread window appears.
. Click in the text field you wish to edit and type.
Or:
. Edit the diagram.

b If you delete a relationship in the Process Diagram section of the Design
Thread window, then click on the Update button, it will not show the updating
of that removal in the FAH window automatically.

To see the changes via the FAH window:

. Close the FAH window by clicking in the close box
. Click on the Open Functional Abstraction Hierarchy button in the
display toolbar.
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Saving Edit Changes |1
To save the editing changes:

. Click on the Update button at the bottom of the Design Thread window.

1D el e

To delete text entries for Decisions, Processes, Information Requirements and
Data Elements:

. Click on the name of the Decision, Process, Information Requirement
or Data Element you wish to delete.

& Since the Information Requirements and Data Elements fields are shareable,
the pull-down arrow at the end of these fields provides you with the full list.

That name appears highlighted in the text field.
. Click on the Delete button for that section.

The Delete? window appears.

To delete:

. Click on the Yes button.

The property is deleted and the Design Thread and FAH windows
are updated automatically.

If you do not wish to delete:

. Click on the No button.
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WORKSPACE DESIGN : BUILDING THE USER INTERFACE STRUCTURE

To support multiple levels of visualization design, the CACSE Tool provides you with a
graphical tool for defining work space design. This graphical tool has the capability to
model parallel (information presented together within a coordinated view) or serial (total
replacement of one coordinated view with another) displays of data. It allows you to
define graphical forms that comprise coordinated views.

The Workspace Design graphical tool provides you with a way to incorporate your
analysis into the display design by using the Workspace Design window to: 1) build and
modify process views in the workspace; 2) define the layout of these views; 3) define
graphical forms that comprise the coordinated process views; and 4) define the
information content of the process views or graphic forms (using the data you entered in
the Design Thread). A process view is a single window or display; however, the display
has multiple components. The layout level allows you to place where these parts will
appear on the window/display. Finally, the graphical form section allows you to identify
specific components of the display.

When you are ready to design the workspace:
. Click on the Workspace Design button below the menu bar.
Or

. Click on the View Menu.

View Menu
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. Click on Workspace Design.

The Workspace Design window opens in the left side of the display. The
Design Thread window should be concentrated on the folder for
Workspace Design. The Workspace Design window depicts its first level,
Work Space, and contains six tools: Selection tool, New Process View
tool, New Process View Layout tool, New Graphic Form tool, New
Inclusive OR tool and a New Relationship tool

Understanding the Workspace Design Levels I

The three sections that divide the Workspace Design window horizontally are display
levels. There are essentially three types of levels; however, because process view objects
may be placed in the Process View Layout level, the Process View and Process View
Layout levels may appear more than once. These display levels are explained in the table
below.

Work Space | This level exists via programming and cannot be deleted, moved or selected. Only
process view objects may be created in this level.

Process View | This level becomes visible when once the Show Level option is selected from the
Process View pop-up menu; this menu is accessible once a process view object is
created in the Work Space level. Only process view layout objects may be created in
this level. It is possible to have multiple Process View Levels. This level may be
resized (smaller/larger).

Process View | This level becomes visible when once the Show Level option is selected from the

Layout Process View Layout pop-up menu; this menu is accessible once a process view layout
object is created in the Process View level. Process view, inclusive OR and graphic
form objects may be created in this level. Because a process view object may be
placed in this level, it is possible to have multiple Process View Layout levels. This
level may be resized (smaller/larger).

Display Levels Explanation Table

<D See pages 42, 46 and 47 of this user’s manual for instructions on using these pop-up
menus.
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Changing the Size of the Display Level

The Process View and Process View Layout levels of the Workspace Design window
may be resized (expanded or collapsed) vertically.

To change the size of a level of the Workspace Design window:
. Click on the Selection tool.
. Position the Selection tool (mouse) over the separator (line at the top
of the level) you wish to expand or collapse until the cursor takes the
form of a crosshair.

. Drag the separator to the desired location.

@b When you resize a level, if the resizing is too small for the object, the level will
reset to its previous size. Also, if you size an object vertically larger than the
space provided for the level, the level will grow in size to accommodate.

Placing Objects in the Display Level

You may move certain objects into certain display levels. Refer to the Display Levels
Explanation Table for restrictions. Levels may appear nested. For example, you may

- place a process view in the Process View Layout level; therefore, another Process View
level would appear below that Process View Layout level.

To place an (allowed) object in a display level:

. Click on the object (Process View, Process View Layout, Graphic
Form, or Inclusive OR) in the Workspace Design window to highlight it.

L) Highlighting is indicated by solid red squares surrounding the perimeter of
the object.

. Drag the object to the desired level.
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Using the Workspace Design Tools I

The six tools shown along the upper left side of the Workspace Design window are
defined in the table below.

. Click on the Selection tool to highlight items in the Workspace
Selection Tool Design window to select, move or resize (PVL only) an object.

- Click on the New Process View [ool 1o create views in the

New Process View | workspace Design window. A process view may be created only

in the Work Space and Process View Layout levels.

Clickon the New PTOCesS View Layout 1001 10 Create a tayout of

New Process View | the process view. A process view layout may be created only in
Layout the Process View Layout level.

Clibk VIl i.‘uc l\VTCW Gl d}}}lib rUllll lUU} iU blcdtc a gldp}lib fUlIlli[l

4| New Graphic Form | the layout. A graphic form may be created only in the Process

View Layout level.

Ciickomite New Inctusive ORtoot o crae am inclusive OR AT
New Inclusive OR | inclusive OR may be created only in the Process View Layout
level.

Clickome New
New Relationship | or graphic form to an inclusive OR in order to show support

Workspace Design Window Toolbar Definition Table

Creating a New Process View I
To create a new process view:
. Click on the New Process View tool.
. Click in the Work Space level of the Workspace Design window.
A rectangle appears containing the name ProcessView#.

@ The number is updated based upon how many process views you have created,
i.e., ProcessViewl.

If you at least one process view object already exists in the Work Space level,
and one process view layout object already exists in the Process View level,
you also may place process view objects in the Process View Layout level.
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Defining Properties of a Process View

To define the properties of a process view:

. Using the Selection tool, click on a process view node using the right
mouse button.

The Process View pop-up menu appears.

Process View Pop-up Menu

. Click on Properties... .

" The properties of that view appear in the right section of the Design
Thread window, with the Process View section appearing at the top of the
display. (See the example on the following page.)

. Click in the text field provided and type a Name for the view.

. Click in the text field provided and type a Description.

. Click in the text field provided type a Rationale.
You also may enter choose to create a depiction of the view by attaching a
Microsoft® PowerPoint file via the VIZ button, as well as define the
decision coverage.

If you do not wish to add additional detail at this time:

. Click on the Update button at the bottom of the right side of the Design
Thread window.
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Workspace Design Window &
Process View Section of Design Thread Window

Creating a Visual Display

To create a visual display for a view:

. In the text field provided next to the Viz button, type a name for the
display you wish to create, or enter the name of one already created to
modify it.

. Click on the Viz button.

@D Ifyou do not type the name first and click on the Viz button, the “Viz
Filename Missing” window appears, prompting you to enter a name; if this
happens, simply
o Click on the OK button and enter the name first.

If the file is new, the New File window appears prompting you to remember to
save the file.

. Click on the OK button.
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You are prompted to save the file with the “.ppt” extension; then the
Microsoft® PowerPoint program is opened allowing you to create and link
a graphic file to this view.

& You also may search for a “ppt” already created to link to this view.

Defining Functional Coverage for a Process View

The Decision Coverage section of the View display provides end-to-end support for the
design thread. To define functional “coverage” for each display, move decisions (only)
from the Decision Lists to the Covered Decisions. This “move” shows which decisions
will be covered by the selected view.

To cover decisions in a view:

. Click on a Decision in the Decision List in the Decision Coverage section.

&D  Only decisions may be moved.

. Click on the >> button to move the decision to the Covered Decisions list.

The decision now appears in the Covered Decisions list

GoalDecision
1l Execute Mission
A ge "Combat" Objects
Manage "Combat Power"
B8 Manage Unplanned Aggressive Threats
i~ Satisty Demand for Human Ald
i Determine Degree of Threat
-l Electronic Signal Collection
f—-ﬂ Acoustic Signal Collection
- Visual Signal Collection

[ Coordinate Combat Power
i =-Jl8 Deliver Combat Power
i 2B Apply Combat Power
# - Destructive Weapon Systems
i -Jfll Nondestructive Weapons Systems
i Oceanographic

eterrmine degree of threat for all contacts
etermine avallable response time for all aggressive threats

Decision Coverage Section

To remove a decision from a view:

. Click on a Decision in the Covered Decisions list in the Decision
Coverage section.
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. Click on the << button to move the decision out of the Covered
Decisions list.

The decision is removed from the Covered Decisions list.

. Click on the Update button at the bottom of the right side of the
Design Thread window.

Creating a Process View Layout I
To create a Process View layout of the new view:

. Using the Selection tool, click the right mouse button on a process view
node.

The Process View pop-up menu appears. (See page 42.)

. Click on Show Level.
The ProcessView# level of the display appears below the Work Space
level. A teal rectangle appears containing the name ProcessViewLayout#.

(See the example on page 43.)

@ The number is updated based upon how many process view layouts you have
created, i.e., ProcessViewLayoutl.

Resizing the Process View Layout Object

When you create a process view layout object, it is placed in the display at a
predetermined size by programming. The process view layout object’s size may be
resized (enlarged or reduced); this is the only object in the workspace design display,
which may be altered in his way.

To change the size of a process view layout object:

. Using the Selection tool, click on the process view layout node that you
wish to resize.

The node becomes highlighted (solid red squares).

. Position the cursor over one of the red squares until it takes the shape of a
double-headed arrow.

. Drag the red square until the node is the size you desire.
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Defining Properties of a Process View Layout

To define the properties of a layout region:

. Using the Selection tool, click on a process view layout node using the
right mouse button.

The Process View Layout pop-up menu appears. (See the following
page.)

. Click on Properties... .

The properties of that view appear in the right section of the Design
Thread window, with the Process View section appearing at the top of the

display.
Process View Layout Pop-up Menu
. Click in the text field provided and type a Name for the view.
. Click in the text field provided and type a Description.

. Click in the text field provided type a Rationale.

. Click on the Update button at the bottom of the display.

Creating the Graphic Form 1 —
To create a Graphical Form of the new view:

. Using the Selection tool, click the right mouse button on a process view
layout node.

The Process View Layout pop-up menu appears.
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. Click on Show Level.

The ProcessViewLayout# level of the display appears below the Work
Space level. A green oval appears containing the name GraphicForm#.

«D The number is updated based upon how many graphic forms you have
created, i.e., GraphicForml.

Defining Properties of a Graphic Form

To define the properties of a control:

. Using the Selection tool, click on a graphic form using the right mouse
button.

The Graphic Form pop-up menu appears.

Graphic Form Pop-up Menu

. Click on Properties... .
The properties of that view appear in the right section of the Design
Thread window, with the Graphical Form section appearing at the top of
the display.
. Click in the text field provided and type a Name for the graphical form.
. Click in the text field provided and type a Description.
. Click in the text field provided type a Rationale.
You also may enter choose to create a depiction of the graphic form by

attaching a Microsoft® PowerPoint file via the VIZ button, as well as
define the decision coverage.
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If you do not wish to add additional detail at this time:

. Click on the Update button at the bottom of the right side of the
Design Thread window.

Creating a Graphic Form Visual Display

To create a visual display for a graphic form:

. In the text field provided next to the Viz button, type a name for the
display you wish to create, or enter the name of one already created to
modify it.

. Click on the Viz button.

@ Ifyou do not type the name first and click on the Viz button, the “Viz
Filename Missing” window appears, prompting you to enter a name; if this
happens, simply
. Click on the OK button and enter the name first.

If the file is new, the New File window appears prompting you to remember to
save the file.

. Click on the OK button.
You are prompted to save the file with the “.ppt” extension; then the
Microsoft® PowerPoint program is opened allowing you to create and link
a graphic file to this view.

<D You also may search for a “.ppt” already created to link to this view.

Defining Functional Coverage for a Graphic Form

The Decision Coverage section of the Graphical Form display provides end-to-end
support for the design thread. To define functional “coverage” for each display, move
decisions (only) from the Decision Lists to the Covered Decisions. This “move” shows
which decisions will be covered by the selected view.

To cover decisions in a view:

. Click on a Decision in the Decision List in the Decision Coverage section.

& Only decisions may be moved.

. Click on the >> button to move the decision to the Covered Decisions list.
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The decision now appears in the Covered Decisions list. (See the example
on page 44.)

To remove a decision from a view:

. Click on a Decision in the Covered Decisions list in the Decision
Coverage section.

J Click on the << button to move the decision out of the Covered
Decisions list.

The decision is removed from the Covered Decisions list.

. Click on the Update button at the bottom of the right side of the
Design Thread window.

Understanding Automatic Relationships NG

Automatic relationships are defined by programming. They are relationships that are
“automatically” drawn by the Workspace Design tool once certain objects are place in the
Workspace Design window. Automatic relationships exist between the following pairs of
objects, as depicted in the illustration on the following page: process view to process
view layout; process view layout to graphic form; process view layout to process view;
inclusive OR to process view layout.

<D These relationships cannot be selected, moved or deleted.

Defining Relationships for the Display [

You may define relationships between certain objects by drawing them using the New
Relationship tool in the Process View Layout level of the Workspace Design window.
Only two object pairs may have supporting relationships, process view to inclusive OR
and graphic form to inclusive OR. Once you have defined relationships between objects,
the automatic relationships become hidden from view; however, if you delete the
relationships you have created, the automatic relationships are revealed again.

To define relationships between views:
. Click on the New Relationship tool in the Workspace Design window.

. Click on either a process view node or an graphic form node.
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Workspace Design Window Explaining Automatic Relationships

. Click on an inclusive OR node to complete.
The nodes are connected.

<D You must not move the cursor AT ALL when you click.
A relationship cannot be drawn to itself.

You must click on the Selection tool or another tool in the toolbar to
discontinue placing relationships, (i.e., turn off the New Relationship tool).
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Defining a New Inclusive OR I

You may choose to "or" the relationship using the New Inclusive OR tool with the New
Relationship tool. The inclusive OR establishes that at least one of any number of
supporting process views or graphic forms may occupy the specified region in the
process view layout. Use the New Relationship tool to link supporting views or forms to
the inclusive OR; the inclusive OR is automatically linked to the supported view layout.

To create a new inclusive OR:

@n

Click on the Néw Inclusive OR tool to the left of the Workspace
Design window.

Click inside the Process View Layout level of the Workspace
Design display where you wish to place the "or".

A node appears in the display. You may either continue creating "or"s, or
connect either a process view or graphic form to the inclusive OR using
the New Relationship tool.

You must click on the Selection tool or another tool in the toolbar to discontinue
placing "or''s, (i.e., turn off the New Inclusive OR tool).

To define relationships between process view or graphic form nodes and the
inclusive OR:

Click on the New Relationship node in the toolbar to the left of the
Workspace Design display.

Click on the supporting process view or graphic form node.
Click on the inclusive OR node.
This defines the first of the supporting view/form in the OR relationship.

Repeat this process for additional nodes that are to be included in the OR
relationship.

Click on the inclusive OR node.
The nodes are connected.

(See notes on the previous page.)

CACSE Tool User’s Manual 51



Deleting a Relationship

New and inclusive OR relationships that you have defined (i.e., not automatic
relationships) may be deleted.

To delete a relationship from the Workspace Design window:

. Using the Selection tool, click on the relationship arroew or inclusive OR
node you wish to delete. '

The arrow/node becomes highlighted (solid red squares).
. Click on the Edit menu in the menu bar.
. Click on_Cut.

The relationship arrow is removed from the display.

@D You also may use the cut option on the pop-up menus.

Moving Workspace Design Objects I —

The Workspace Design objects may be moved to different levels of the display, as long
as the rules displayed in the illustration on the following page are applied.

To move an object:
. Click on the object to highlight it (solid red squares).
. Drag the object to the position or level you desire.

The object along with any relationship connected to it is moved.
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Process view objects may be moved to either the Work Space or other Process
View Layout levels. However, a process view may not be moved to a “child-level™
of itself, e.g., ProcessView] cannot be moved to the ProcessViewLayoutl level:
however ProcessView2 may be moved to Process Viewl.ayoutl.

' ProcessView1 ) ProcessView?

o ’ Proe&s\ﬂcwlay@ 4

Process view layout objects may be moved to other Process View
levels. However, a process view layout may not be moved to a
“child-level” of itself, e.g.. ProcessViewLayoutl cannot be moved
to the ProcessViewLayout3 level: however ProcessViewLayout2
may be moved to Process ViewLayout3.

Graphic form objects may be
moved to other Process View
Layout levels.

¢ ProcessViewl

Inclusive OR objects may be
moved to other Process View
Layout levels.

Object Movement Limitations Explanation
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5
EXPLORING VIEWING OPTIONS TO TRACK COMPLETENESS

CACSE supports several ways of displaying the information you have entered into the
FAH, the Design Thread and Workspace Design windows. By viewing the information
in different ways, you can track the completeness of your analysis.

Viewing Detail in the FAT  I— e —

The FAH window can show the properties of a goal using three different views: icon
view, detail view, and process view. The icon view displays the name of the goal
preceded by its hierarchical numbering. The process view expands upon the icon view,
to include the process diagram for the goal. Finally, the detail view expands upon the
icon view, to include the icons for each of the properties of the goal. (See the explanation
below.)

Process H <4—] Visualization
Decision 1 Data
— Elements/Feeds
Information
Requirements

Explanation of Detail View Icons

Once a property has been entered for a goal, the representing icon in the detail view
shows an outlined red check mark. This indicates that some information has been filled
in.

Once you feel the information is complete:
. Click on the outlined checkmark.
It will become filled in, indicating completeness; this is a user-defined

object. Once you have selected to fill in the check mark, a dialog prompts
you with “Completed?”.
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To confirm:

. Click on the dialog box.

The series of five circles shown on the Icon View represent, in a compact
form, the same information as in the Detail View. A half-filled circle is
the same as an outlined red check mark. A solid circle is the same as a
filled-in check mark.

@ You cannot make changes in the completeness at the Icon View.

You will not be able to select “Process View” if a process diagram has not been
defined.

Changing Views of the FAH Window

To change the “view” of the goal node:
. Position the mouse on the goal node you wish to view.
. Click on the right mouse button.

The Goal pop-up menu with Properties, Editing and Viewing options
appears.

Goal Pop-up Menu

. Click in the radio button preceding the view you wish to use.

The selected view appears. (See the following page.)
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FAH Window Showing CACSE’s Three Views

Using Graphic Overlay to View Visualization in the FAH IS

The Graphic overlay tool allows you to highlight goals that contain decisions covered by
a specific visualization in the workspace. These decisions were defined into the display
using the Decision Coverage section of either a Process View or Graphical Form display.

@ For more information, refer to the respective sections Workspace Design: Building the User
Interface, beginning on page 38 of this user’s manual.

To highlight the graphic overlay:
. Click on the Graphic Overly tool in the FAH window.
The display background color turns gray, with highlighted circles of white

surrounding goals containing decisions covered by a display. (See the
example on the following page.)

CACSE Tool User’s Manual 56




3.2 Satisty Demandd Tor Human &

i

33 Determine Deqgree of Thieat

Graphic Overlay Example

To turn off the graphic overlay:

. Click on the Selection tool in the FAH window.

Viewing the Design Thread i —

The default view in the Design Thread window for the listing of objects in the application
is the Design Thread view; this view shows each object and its properties according to
the object hierarchy. You may choose to view the objects according to their category or
grouping by selecting the Objects view, or, you may view the decisions according to the
master decision category by selecting the Decisions view.
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To change the view of the Design Thread window:

. Click on the radio button in the top left side of the Design Thread
window representing the view you wish to have displayed (either Design
Thread [default], Decisions or Objects).

The selected view is displayed. (See the examples below.)

<D You also may select the respective view from the View menu.

Master Decisions

Unassigned
Goal Monitoting ‘
Process Monitoring | Decision

Process
Control Information Regquirmenis
Feedback Monitoring £} Master Decisions

Process Source

: Process Transport
1 624 Process Target

Example Decision and Object Lists
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Adding & Deleting Master Decision Categories

You may not add or delete items to the Design Thread or Objects lists. However, the
Add and Delete buttons which appear inactive (grayed out) when viewing the Design
Thread and Objects displays become active when viewing the Decisions list.

To add a Master Decision Category:

. Click on the radio button for Decisions in the top left side of the Design
Thread window.

The Decisions view is displayed.
. Click on the Master Decisions folder.
The Add button at the bottom of the display becomes active.
. Click on the Add button.
A new decision category appears at the bottom of the list.
To add a decision to that new category:
. Click on the Add button again.
A decision is added to the category you have created. You may
now edit that decision by clicking on it in the list to display its
properties. (Refer to the “Entering Decision Details”, “Entering a
Master Decision” and “Updating Information” sections of this
user’s manual, on pages, 22, 23 and 35 respectively.)

To delete a Master Decision Category that you. have created:

. Click on the name of a Master Decision Category (folder) that in
the Decisions listing in the left side of the Design Thread window.

The Delete button at the bottom of the display becomes active.
. Click on the Delete button.

The category name is removed from the list as are any decisions
placed under that category.

@D The categories that come with CACSE cannot be deleted,
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Querying the Database O

CACSE’s graphical tool provides checks for identifying gaps in the design thread by
providing you with a way to identify 1) decisions not associated with a goal, 2) goals and
decisions not covered by displays and 3) displays not associated to decisions. You may
view this graphically in a “top-down” manner in the FAH window by using the Detail
view of the goal, and looking for indicators. Or, you may query the design thread using
the “bottom up” view arrow on the right side of the Design Thread window. Queries may
be done beginning at the following levels: goals, processes, decisions, information
requirements and data elements.

To query the design thread for gaps in the analysis:

Click on any of the following objects in the left side of the Design Thread
window to show its properties: Goal, Process, Decision, Information
Requirement or Data Element.

Click on the %é«(up arrow) on the right side of the Design Thread
window.

The arrow’s color changes to red, indicating that the “bottom up”/Query
view is now being displayed. The (Object) Information section appears at
the top of the display. It contains Search Results and Search Criteria
sections. (See the example on the following page.)

To return to the “top down” display (and end querying):

. Click on the down arrow.

The down arrow will appear red, indicating the top down view is
displayed.

Otherwise, to query the design thread:

Click on the M :ﬁ(upside down triangle) to the left of the statement
representing the query you wish to select.

The triangle’s color changes to green, indicating that the representing
statement has been selected.

Click on the Show Coverage button at the bottom of the display.

The queried results appear in the Search Results section of the display.
(See the example on the following page.)
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-l Exscute Mission

& §ll Manage *Combat Power"

R Manage Unplanned Aggressl|
{8 Satisty Demand for Human Ald
&1 Determine Degree of Threat
&+ Monitor all contacts :
i |51 availability and function
gg Determine degres of thraat f,

i
i
j
i

8 Coordinate Combat Power
-J4 Deliver Combat Power
- 5 Apply Combat Power 73
@ {5 Destructive Weapon Systems
Nondestructive Weapons Syste;

— Electronic Signal Collect]
~{88 Acoustic Slgnat Collection

B Visual Signal Collection

g “combaf Power Protess
ree of Threat Procass

| &~ Work Space
| & ¢ Navigation

@ Determine avallable res|
&-4 Determine apprapriate righ:
-2 Threat Management Co ‘“'«3

#-£.) Threat Longshot
&34 Threat Details
EH:; Threat Detalis Cd

Example Query of Process Displays

Viewing the Workspace

To view the Workspace Design window:

. Click on the ;(Open Workspace Design button) in the display toolbar
across the top of the CACSE displays.

Or:
. Click on the View menu. (See page 38.)
. Click on Workspace Design.
The Workspace Design window appears on top of the FAH window. The

Design Thread window should be concentrated on the folder for
Workspace Design.
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15—
OUTPUTTING THE CACSE APPLICATION RESULTS

The CACSE tool supports the generation of the text (ASCII format) and HTML files via
the buttons at the bottom of the Design Thread window. It also supports outputting files
in systems requirements specification (SRS) format and document view, via the options

in the Tool menu.

Creating a Text Filc |

You may create a text file of everything in the object hierarchy, or of a specific (selected)
object node and its “children”.

To create an ASCII text file of the entire CACSE object hierarchy:
. Click on the FAH icon in the left side of the Design Thread window.

Or, to create an ASCII text file of a selected (highlighted) object node in the
CACSE object hierarchy:

. Click on the icon representing the specific node (and it’s “children”) in the
left side of the Design Thread window.

. Click on the Text... button at the bottom of the Design Thread window.
A window appears prompting you to name the file for placement in the
CACSE/bin folder.

. Click in the text field provided and type a Filename.

. Click on the Save button.

The file should be saved in the CACSE/bin folder with the name you’ve
given it.
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Creating an HTML File I

You may create an HTML file of everything in the object hierarchy, or of a specific
(selected) object node and its “children”.

To create an HTML file of the entire CACSE object hierarchy:

Click on the FAH icon in the left side of the Design Thread
display.

OR

To create an HTML file of a selected (highlighted) object node in the CACSE
object hierarchy:

Click on the icon representing the specific node (and it’s “children”) in the
left side of the Design Thread window.

Click on the HTML... button at the bottom of the Design Thread window.

A window appears prompting you to name the file for placement in the
CACSE/bin folder.

Click in the text field provided and type a Filename with a “.HTM”
extension.

Click on the Save button.

The file should be saved in the CACSE/bin folder with the name you’ve
given it.
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GENERATING AN SRS

The Tool menu contains an option for outputting the CACSE results called Generate

System Requirements. If you generate systems requirements, they will be output in SRS

format.
To output your CACSE application analysis in SRS format:
. Click on the Tool menu.
. Click on Generate System Requirements.

A window appears prompting you to name the file for placement in the

CACSE/bin folder.

. Click in the text field provided and type a Filename with a “.HTM”
extension..

. Click on the Save button.

T}1e ﬁl'e should be saved in the CACSE/bin folder with the name you’ve
given it.
Printing CACSE FAH —
You may print the FAH to either a regular printer or plotter.
To print the FAH:
. Click on the Application menu.
. Click on Print.
The Page Setup window appears.

<D You may wish to check page specifications and printer
selection.

o Click on the OK button.

The Print window appears.
Application Menu

. Click on the OK button.
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.
APPENDIX: MIGRATING THE DATABASE

As new versions of CACSE are released, there will become a need to update any
application files created in a previous version of CACSE to the most recent. This is
accomplished by using the “Migrate Database” feature.

To migrate database files

. Close any open Applications.

D You cannot migrate the database when an application is opened.

. Click on the Application menu.
. Click on Migrate... .
The CACSE Database Migration... window appears. You may “browse”

the CACSE/bin folder to locate the name of the database you wish to
either use as your source or destination.

fEACACSE Database Migration. .
ey i 7 NS

54

CACSE Database Migration Window

. Click in the text field provided and type the name of a Source Database/
Or:
. Click on the Browse... button to locate one.

‘ @ For all applications created in CACSE, there are three files created. Each has
| the same filename with different extensions: “.ODB”, “.ODF”, and “.ODT”’.
|
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For migrating a database:

. Click on the filename with the “.ODB” extension.

. Click in the text field provided and type the name of a Destination
Database.

Or:

. Click on the Browse... button to locate one.

@ For all applications created in CACSE, there are three files created. Each has
the same filename with different extensions: “.ODB”, “.ODF”, and “.0DT”.

. Click on the filename with the “.ODB” extension.
Once you have entered the database names:
. Click on the OK button in the CACSE Database Migration... window.

Upon successful database migration, a confirmation dialog appears. You
now are able to open the database with the current version of CACSE.

CACSE Tool User’s Manual 66




