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This thesis proposes that Document Imaging Systems
(DISs) provide unique challenges to the system developer.
Unlike most information management systems, DISs present
features that are not well supported through traditional
analysis and design methodologies. A review of several
well-known methodologies identifies strengths and
weaknesses. DIS feaéures that require special support
during system development are presented and an analysis and
design methodology is proposed to provide the flexible, vyet
controlled, environment that is needed.

A case study is used to present the application of the
proposed methodology in three areas of specific interest
for a new DIS. The importance of early consideration of

the unique and complex features of a DIS is emphasized.
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CHAPTER 1. INTRODUCTION

For over a decade, prognosticators have been
announcing the advent of the "paperless office."” Almost as
if to mock those prophets, offices around the world are
producing more paper than ever before. During 1991 for
example, it is estimated that in the United States alone
corporations generated "600 million pieces of printout, 234
million photocopies, 76 million letters and 21 million
documents each business day" (Cinnamon and Nees 1991).

People create and print countless letters, memos,
reports, spreadsheets, and electronic mail messages.
Database management systems and decision support systems
spit out reams of paper-based reports. Rather than being
freed from paper by our computers, we are being buried by
the paper they generate. Unfortunately, the huge volume of
paper does not ensure that we are getting better
information, only moge of it (Killen 1991).

Some experts feel that deocument imaging systems (DISs)
provide a vehicle for lightening the burden of paper
handling and making it easier to gain efficient use of the
information embedded in paper documents. Initially, DISs
were viewed as replacements for physical file cabinets.
Rather than adding a paper document to a file folder stored

in a file cabinet, the document is digitized, indexed to



facilitate retrieval, and stored on optical or magnetic
media.

Forward-thinking implementors of document imaging see
DISs as systems to help improve customer service by
restructuring or reengineering their business processes.
Procedures can be streamlined and speeded up by removing
the additional overhead of controlling, filing, and
retrieving paper documents. All of these overhead
activities are necessary to maintain control of the paper
documents, but do not contribute to the real work of an
organization. United Services Automobile Association
(USAA) was one of the pioneers in the use of document
imaging (Wallace 1992). Other insurance companies, such as
ITT Hartford Insurance Group (Wallace 1992) and Financial
Guaranty Insurance Company (Middleton 1992), have installed

DISs to reduce paper handling and stay competitive.

? Document Imaging
The advent of certain key technologies and the rapid
decline in the costs of processing power have helped to
justify the cost of implementing DISs. Optical disks,
robotics, charge-coupled device (CCD) arrays, high-
resolution displays, laser printers, and sophisticated
compression algorithms have each played a significant role

in making DISs practical for the business environment.



Figure 1 depicts a DIS with commonly configured hardware

components.

Retrieval Station Retrieval Station

Scan Station Print Server FAX Server

Scanner

Laser Printer

Figure 1. A Typical DIS Configuration

Data flows in traditional information processing
systems are centered around four basic activities:
capture, processing, storage, and retrieval. While these
same activities are present in a DIS, the focus is on
document flow and the use of information that is embedded
in the document. Documents require special handling,
because their value as data is not readily accessible as an

electronic image.



Document capture today involves mostly paper scanners
and facsimile equipment, although other conversion methods
are available. Creating an electronic (raster) image of a
document page can result in a one megabyte (1IMB) file for a
standard 8-1/2" x 11" piece of paper, so compression
algorithms must be used to shrink the file size. (A
comparison of potential file sizes and compression ratios
is presented in Chapter 3.) Because compression 1is such a
compute intensive process, hardware accelerators are
frequently used to speed up the process. To support a
specific application's performance requirements, image
files may be maintained in cache on magnetic disk for
hours, days, weeks, or months. However, permanent storage
of images most commonly uses some form of optical media
(e.g., magneto-optical, rewritable, or write-once-read-
many). When tens of thousands or millions of images must
be accessible, optical jukeboxes are used to provide near-
line storage. Users;who must access images frequently
benefit from the use of large screen, high-resolution
monitors where the displayed image is easy to read,
reducing eye-strain. And laser printers produce "copies"”
of the document that are virtually identical to the
original. Images can also be output via facsimile.

Other enabling technoclogies include optical character
recognition (OCR) for machine-printed text and, more

recently, intelligent character recognition (ICR) for hand-



printed text. Both OCR and ICR are important for DISs
because the words and numbers on a document page are not
directly available for querying when the document page is
converted to a raster image. Character recognition
facilitates automatic indexing that improves the document
capture process by reducing the amount of manual keying
required to make a document retrievable.

All of this technology is of little use without image
management system (IMS) software. Some of the IMS products
are very simple, offering a proprietary indexing scheme and
basic search and retrieval capabilities. More
sophisticated systems use open database management systems
(e.g., Oracle, Informix), support complex caching
algorithms to improve performance, and provide dynamic
workflow processing functions. Workflow capabilities are
extremely important for streamlining business processes by
providing a mechanism to automatically control document
routing and handlingf

Integration of all these components requires careful
analysis and design that considers the processes and people
first, followed by the technology. DISs are not new and
for decades all sorts of business information systems have
been implemented using proven methodologies. So, why do we
need a new or enhanced methodology for analysis and design
of DISs? It is our belief that a DIS presents a

fundamentally different type of computer-based system which



requires a special approach to achieve successful systems

analysis and design. My hypothesis is three-fold.

DISs have the potential to radically transform the way
in which an organization carries out its mission. We
have the potential to do more than just automate a
manual process. While there are many similarities
between developing DISs and other types of business
information systems, a DIS can change an operatiocon
more dramatically than a new financial system or a new
sales tracking system. This thesis proposes a
methodology that considers the impact of document
imaging on the implementing organization and its
business processes. =

A DIS can dramatically change the way employees do
their job. Extended periods of time in front of a
computer screen are now required. Additionally, a
worker accustomed to handling paper documents may have
to be trained ts interface with a computer, a high-
technology skill. The human factors impact of
implementing a DIS cannot be overstated, but is
frequently not adequately addressed. Most
methodologies in use today do not incorporate the
evaluation of human factors sufficiently. A DIS
methodology must concentrate attention on the
individual system users during analysis to ensure that

the system 1s designed to accommodate users' needs,



rather than requiring users to adapt business
processes to a rigid system implementation.

. Full use of the capabilities of a DIS frequently
cannot be understood until it is placed in the hands
of the users. DISs have been available since the late
1980s and the technology is considered to be mature.
Many organizations feel it is possible to implement
full-blown systems from the outset and may not count
on the changes in organization that frequently come
with implementing a DIS. A DIS methodology should be
based on phased development and prototypes, which are
critical to successful implementation of a system that
impacts both the organization and:the user so

dramatically.

Summary

The courses in the Systems Engineering Master of
Science curriculum céver topics which are directly
applicable to the practice of information systems
engineering in government and industry. Many of those
topics are incorporated in the contents of this research,
including systems engineering principles, information
systems analysis and design, and human factors in systems
engineering. The primary focus is on the analysis phase of

the system development life cycle, because it is unlikely



that a quality system can be built without an accurate
understanding of the problem it is supposed to address.

Much of the material found during the literature
search for this thesis discusses software development, as
opposed to systems development. Systems development
encompasses more than just developing software for
computer-based systems, however, there are a large number
of parallel activities that apply to both. The material
covering software development is considered by this author
to be highly relevant to systems development, as well. In
practice, software development is often a sub-function
within the development of a system, as it is when
developing a DIS.

Chapter 2 presents a review of system development
paradigms and methodologies. It is not all inclusive, but
covers many of the well known and a few of the not so well
known methodologies.

Since document imaging is still not widely
implemented, additional information on the technology and
some of the known implications for implementation are
included in Chapter 3. This provides a basis for defining
the phases of the DIS methodology, as well as the
activities to be carried out during each phase.

The experience of professionals who have implemented
DISs is extremely valuable in understanding the benefits

and drawbacks of particular methodologies and methods. As



part of the research for this project, computer
professionals with specific experience in the DIS arena are
interviewed. The summation of the interviews and the
experiences of these engineers is offered in Chapter 4.

Chapter 5 presents a methodology for use in the
development of DISs. The primary focus 1s on the analysis
and design phases of the DIS implementation, but the other
phases of the software development life cycle are also
considered.

Investigation of three system development activities
for a real world system is conducted using the DIS
methodology presented in Chapter 5. The tasks undertaken
to conduct this analysis are reviewed .in Chapter 6.
Testing the methodology in this way provides a valuable
means for evaluating its applicability and robustness of
the methodology for accomplishing stated goals.

Chapter 7, Conclusions and Recommendations, brings
together the major péints from each of the preceding
chapters. Benefits and drawbacks of the proposed DIS
methodology and methods are reviewed. Finally,
recommendations are presented for further research that
could be conducted, with the intention that it will build

upon the knowledge gained in this project.



CHAPTER 2. REVIEW OF METHODOLOGIES

Is it necessary to have a methodology for system
development? Those in favor of hacking, or ad hoc, system
development would probably say no. However, many authors,
including Boehm (1988), Cutts (1991), and Yourdon (1932),
agree that the system development effort benefits from the
use of a defined process for getting from the feasibility
study, through the intermediate phases of analysis and
design, and on to system development, implementation, and
maintenance. This thesis extends the Yourdon (1992)
concept that a methodology is akin to a cookbook for
developing systems. The methodology lays out the
ingredients (methods) and the system development process
model provides the steps (phases) that guide the developer
to the goals. Like most recipes, both the process and the
methodology can be adjusted to taste and still provide a
successful implementétion.

A discussion of system development process paradigms

is presented next, followed by a review of methodologies.

System Development Process Models
The process model provides the ordering of activities
that are to be conducted during system development.

According to Boehm (1988), there are two topics the process

10



model must address: selecting the next activity and

determining how long to conduct that activity (a schedule).
The predominant paradigms are the waterfall and spiral

models. The code-and-fix model will not be discussed.

Even though it is frequently used for systems/software

development, it does not provide any guidance or structure

for the developer.

Waterfall

The Waterfall system development process model, or a
variation of it, is probably the most frequently used by
developers. It grew out of the structured programming
movement, which evolved to incorporate- structured analysis
and design. While different authors include varying
numbers of phases, the model generally follows the flow

presented in Figure 2 (DeGrace and Stahl 1990).

INITIATION
PHASE
REQUIREMENTS
ANALYSIS

PRELIMINARY
DESIGN

CODING

MODULE TEST
(UNIT TEST)

INSTALLATION/
DELIVERY

Figure 2. Traditional Waterfall Model
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Benefits of the Waterfall apprcach to system
development are primarily seen or perceived by an
organization's management. By prescribing the Waterfall
model, management generally feels that they have imposed
some order and control over the process (DeGrace and Stahl
1990). The status of the process can be monitored by
discrete events that mark the beginning and end of each
phase. These events generally involve formal documents
that are produced, reviewed, and signed as an explicit
acknowledgment of the end of one phase and the
authorization to proceed to the next.

However, the formality of the process and the rigorous
documentation requirements are also a drawback to using the
Waterfall model. It originated at a time when the price of
the computer was far in excess of the salaries of the
development staff (DeGrace and Stahl 1990). With the
current cost of hiring and maintaining a qualified staff,
the cost of produciné the documentation alone can exceed
the cost of the computer on which the system will be
implemented. It is also possible to explicitly follow the
Waterfall model to produce all of the required
deliverables, go through all of the reviews, gain all of
the necessary approvals, and find out in the end that the
wrong system was defined (Boehm 1988). Poorly stated
requirements or poor communication between the developers

and users are common reasons for this type of failure.
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Another problem with the Waterfall model is the fact
that there is nothing, with the exception of paper diagrams
and descriptions, to show to the users until fairly far
into the project. By the time the users begin seeing the
screens and system functions that are being developed, the
cost of making changes is incrementally higher than it
would be if the user were able to provide input at an
earlier stage.

The Waterfall paradigm is considered too inflexible
for dynamic systems, where change is the rule rather than
the exception. If followed precisely, the process of
developing a system using this approach can take so long
that the system is never completed due-to the evolution of
the system requirements.

Organizations commonly modify the Waterfall model to
make it more palatable and reduce the amount of time it
takes to complete thg development process. Boehm (1988)
refers to the additién of verification or feedback loops
and prototyping as one mechanism for making it more
responsive and flexible. This helps resolve issues related
to late or evolving requirements definitions, but still
leaves the burden of excessive documentation. To meet
their specific needs, some organizations remove activities

or simplify deliverables.
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Spiral

While the Waterfall process model results in a
document-driven or code-driven approach to system
development, the Boehm spiral model (Boehm 1988), as seen
in Figure 3, 1s risk-driven. The life cycle involves
repeated loops that spiral outward from the center with
each loop being composed of a series of activities. The

goals for each loop are to:

| determine the objectives for that cycle
J consider alternatives for achieving those objectives
. select the alternative that best achieves the goals

and reduces the identified risks

. determine the next steps based on:the results of that
cycle
'y
Cumutative
T

Evaiuaste aiternatives,
Cotermine idetady, resave naxs
abjeactives,

altematves,

lmptmmmnn{ “::“‘m!

Plan next chases

Figure 3. Boehm Spiral Model

14



Boehm (1988) cites one of the benefits of the spiral
model to be its ability to accommodate a variety of system
development methodologies, as appropriate, within its
cycles. Thus the Waterfall model can be used to provide
detailed documentation for users who feel more comfortable
with more paper, or prototyping can be used where it is
deemed critical that user reactions be measured before the
design proceeds. The end result is that the activities of
each cycle are customized to address the specific
objectives established at the beginning of that cycle,
based on the level of risk assigned to those objectives.

However, the spiral model is not without its problems.
Since the government and much of private industry is so
well indoctrinated into the Waterfall and structured
methodologies for system development, there is not normally
the flexibility to approach the project with a risk-driven
focus used by the spiral model (Boehm 1988). The customer
is looking for fixed;deliverables to measure progress and,
while that may map into a specific cycle of the spiral, it
does not fit well for the entire project approach.

A second problem relates to the difficulty of
accurately assessing risk. Identifying the level of risk
of failure for a given system function and deciding that
the risk is minimized by performing a particular activity,
such as producing a prototype, carries an element of risk

with it as well. The result of under-estimating the risk
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can be a product that superficially meets specifications,

but does not satisfy requirements that might be uncovered

by performing a detailed analysis and design.

A variation of the spiral, presented by Mills et al,
(1986), can be described as a series of connected loops
(see Figure 4), similar to a Slinky® toy. 1In this
enhancement of the spiral model, each loop is composed of
three phases:

. planning -- identifying the issues, considering
alternatives, and setting the course and the goals for
this loop

. execution -- carrying out the activities identified
during planning

. evaluation -- reviewing the results of executing the

activities relative to the goals established during

planning
Start
Approval

Investigation

Approval

Specification

Approval

Implementation

ot

Approval

Completion

Figure 4. Mills Spiral Model
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The loops are iterations of three classes of activity:
investigation, specification, and implementation (Mills,
Linger, and Hevner 1987). The order and number of
repetitions of these loops vary according to the
requirements of the project. There can alsc be parallel
spirals that occur concurrently, each separate spiral
having its own unique sequence of activity classes.

The Mills spiral provides a great deal more
flexibility than the Boehm model. While activities could
be dropped from or added to each cycle of the Boehm spiral,
it does not easily accommodate recursive execution of
activities. Since the Mills spiral accommodates activities
in any sequence, recursion and repetitive loops are
supported, as needed.

As with the Boehm spiral, the flexibility of the Mills
spiral development process is not easily accepted in
government contractigg environments or in many private
companies. The expeétation, or the mandate, that process
activities and milestones be laid out in detail up front,
with penalties for not meeting those goals, deters many
contractors from attempting to use these spiral paradigms.
Additionally, the Waterfall model requires that detailed
documentation be generated for each component, leaving no
flexibility for producing risk-leveled documentation.
Consequently, the same level of detail is used to define

both very complex features and standard, well-understood
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features, even though the possibility of misunderstanding
the complex feature is far greater.

The flexibility of the spiral models allows system
developers to address complex systems incrementally (Hevner
1992). Attacking highly complex problems without breaking
them down can lead to failure of the system or even failure
to get the system implemented. The use of the incremental
approach actually provides control over a project that is
too large to attack in its entirety with the Waterfall
process model.

Both spiral models involve user and developer reviews
of the activities to gain consensus. At the end of each
loop, the reviews validate work that has been accomplished
and establish support from all participants for the process
to continue.

A lack of understanding of the spiral paradigm by
users and system developers can make it difficult to
implement. The authérs of these models are still advancing
their designs, providing more detail on how to use them.

To date, there is not yet a large constituency for the use
of spirals for system development and there are few

automated tools that support them.
Defining Methodology

One fact becomes abundantly clear when researching the

topic of system development: there are almost as many

18



definitions of terms, and as many different approaches, as
there are authors on the subject. 1In proposing a
methodology for developing DISs, it is important to define

the terms methodology and method. Some authors would argue

that methodology is used to make a process sound complex,
something requiring an expert to interpret and worth
"attending a seminar [put] on by a major software guru”

(Constantine 1989). To quote Webster's New World

Dictionary (1986), methodology 1is:

"1. the science of method, or orderly

arrangement; specifically, the branch of

logic concerned with the application of the

principles of reasoning to scientific and

philosophical inquiry 2. a system of

methods, as in any particular sciénce"

In the context of this thesis, a methodology is
defined as a set of methods that are organized to guide the
system developer through the various stages of development.

A method, then, is a way of doing something within the
context of a methodology. The methods appropriate for use
in the various phases of system development may include
diagramming techniques, but a diagramming technique cannot
be considered to be a complete methodology.

Three aspects of a system which are generally

considered, with varying levels of emphasis, in a
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methodology are: process, data, and control. These thfee
aspects are fairly well understood and agreed upon by
methodology gurus. Process, or function, 1is what the
system is doing. Data is what is being processed. And
control, or timing, is "when" the processing is to be done.
In an article by K. W. Short (1991), an additional
three aspects are attributed to Zachman (1987): rules,
location, and people. Rules are important because there
may be institutional requirements, or constraints, that
dictate why something is done a certain way. Where
something is done or where the data is stored and processed
(e.g., location) must also be considered when analyzing and
designing a system. This is becoming more important as
networks and distributed system architectures, such as the
client-server model, are implemented. And, as will be
elaborated in later chapters of this thesis, understanding
the people and their role within the system, is key to the
success or failure of any system being implemented, but is

especially important with imaging system implementations.

Methodologies
This is not a comprehensive review of analysis and
design methodologies as it would be impractical to include

all published methodologies in this thesis. A cross-
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section of those encountered while researching this topic
are described. For each one described below, the benefits
and drawbacks of using that methodology are presented,

hopefully with an unbiased viewpoint.

Process-oriented methodoclogies

Early proponents of the structured movement included
Yourdon, Constantine, and DeMarco. The Yourdon Structured
Methodology™ (YSM), in its first iteration, was process-
oriented and emphasized the use of structure-charts and
data flow graphs to depict the system design. Structured
design concepts published by Yourdon and Constantine (1978)
formed the basis for YSM. Tom DeMarco: (1978) wrote about
applying structured techniques to the analysis phase. Data
flow diagrams, decision tables, data dictionaries, and
structured English were presented as tools to help the
systems analyst prepare a system specification. YSM has
evolved over the yeafs into an "integrated method" (Bowles
1990) . The most recent version of YSM now recognizes the
importance of data modeling. Recently, YSM has been
enhanced to include object-oriented systems design.

Other methodologies that use the same process-oriented
approach include Structured Systems Analysis and Design
Methodology (SSADM) (Cutts 1991) and Structured Analysis
and Design Technique™ (SADT) (Marca and McGowan 1988).

Jackson Structured Design (Henderson-Sellers and Edwards
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1990), is also considered to be in this class of

methodology.

Data-oriented methodologies

A data-oriented approach to analysis and design is
based on the concept that data is more stable than the
processes for any given organization. It also assumes that
data can and should be analyzed independent of the current
processes that use the data.

Information Engineering (IE) is a data-oriented
methodology which uses five classification criteria to
analyze a system, in both its present and future forms.
Once each classification is defined and clearly documented,
the results can be evaluated on an organization-wide basis
to determine strategies for implementing the new system.
Information Engineering is designed to address an
organization or ente{prise in its entirety, whereas most
other methodologies éddress an application or system.

The five classifications (Short 1991) of IE are:
business functions, management categories, technology
types, technology usage within groups, and problem
complexity. IE looks at business strategies, as well as
data and processes. Using the IE methodology, the system
developer attempts to determine whether the data and
processes are required for strategic, planning,

controlling, or operational reasons. These factors all
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affect the type of system that should be implemented.
Short further divides technology types into industrial
automation (e.g., process control), messaging (e.qg.,
electronic mail), professional automation (e.g.,
spreadsheets and word processing), and transaction
processing (e.g., databases). The specific technology is
identified as being either common services, shared at a
local level, or available to a single user or piece of
equipment. Finally, the complexity of each process or
problem is examined. Low complexity problems with well-
defined, well-structured policies and procedures are placed
at one end of the spectrum. Unstructured and ambiguous
problems with no clear solution are grouped at the other
end and present a greater challenge to the system
developer.

IE does not fully address the issue of control,
largely because it has been felt that "businesses are not
controlled, but are 5 collection of asynchronous processes
triggered by human or informal events" (Short 1991). Even
though an attempt has been made to encompass the six
aspects of system definition discussed in the overview to
this chapter, the IE methodology is still not fully
developed in the areas of location and people.

The James Martin IE methodology divides a system
development project into four phases: strategy, énalysis,

system design, and construction (see Figure 5). Both data
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and process (activities) are included in the phases, but

the emphasis is on understanding the data requirements.

4 | DESIGN

TRUCTION

TIES

Figure 5. James Martin's Pyramid

Object-Oriented

Coad and Yourdon (1991a) present object-oriented
analysis (OOA) as a "merging of disciplines." They contend
that OOA encompasses the strongest concepts of the other
methodologies and, therefore, provides the best approach to
dealing with the complexity of system development today.
Other than entity-relationship diagrams and semantic data
modeling, however, they draw very little from the

traditional methodologies, as can be seen from the diagram
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(see Figure 6), which was presented in the Coad and Yourdon

book.
eAttributes
eInstance Connections
Entity- Semantic | ®Generalization-Specialization
Relationship {——y{ Data eWhole-Part
Diagrams Modeling
(Information Modeling) Object-
Oriented
Analysis
Object-o;iented eAttributes and Exclusive Services
Programming Languages & [— eCommunication with Messages
Knowledge-Based Systems eGeneralization~-Specialization
eInheritance

Figure 6. Coad and Yourdon "Merging of disciplines"

A separate text by Yourdon and Coad addresses the
object-oriented design (QOD) issues as they relate to a
system development methodology (Coad and Yourdon 1991b).

Within the objeét—oriented paradigm, a system is a set
of objects which interact with each other, providing
services under the client-server model (Henderson-Sellers
and Edwards 1990). An OCA/00D methodology introduces new
terminology and a new way of viewing systems and the system
development process. A few of the new terms include:
object, encapsulation, class, inheritance, and
polymorphism. The definitions of these OOA/QOD terms are

beyond the scope of this thesis.
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The object-oriented (00) methodology provides the
system developer with one model that is used throughout the
analysis and design phases of the life cycle, unlike the
more traditional methodologies that use different
techniques and models for each of the different phases
(Korson and McGregor 1990). This consistency is viewed as
a benefit when transitioning between phases. The risk of
making errors during the transition between analysis and
design is minimized since the OOA/QOOD techniques are
consistent across phases. When using structured
methodologies, such errors are easily made during the
translation from the process or data model in the analysis
phase to the structure or hierarchical model in the design
phase. Some of the structured diagramming techniques, such
as data flow diagrams, can be used during OOA/00D to define
what happens within an object or class, but are never used
on a system level. Spme of the models used in 0OO0OD are:
object-relationship draphs, client-server diagrams,
inheritance charts, or céllaboration graphs (Henderson-
Sellers and Edwards 1990).

Software reuse is supported by the 00 methodology to a
greater extent than by any of the traditional
methodologies. 1In fact, one of the tasks specified for a
system developer is to identify those objects in the design
for which existing objects can be incorporated either

directly or by extending them.
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Henderson-Sellers and Edwards (1990) propose a seven
point methodological framework for QOO system development.
They start with a requirements specification, which may
include "timing details, hardware usage, cost estimates,
and other documentation.” For each requirement identified
in the specification, they suggest that objects and
services be defined. Next the developer determines the
interactions that should take place between objects. At
this point, the process transitions from analysis to
design. Now the developer addresses establishing the
appropriate object classes and identifies objects available
for reuse. Hierarchical relationships between classes are
defined and, finally, the classes are generalized, to
promote further reuse.

All of this leads, according to OO proponents, to a
methodology that provides a great deal of flexibility.
OOA/Q0D does not pin’down the structure of entities in the
early stages of the éesign, thus allowing it to be molded
by the discoveries made as the project progresses. Another
claim of the 00 group is that 00 methodology allows
programmers to begin their work earlier in the process,
without fear that the entire implementation will have to be
thrown out or massively changed if known requirements
change or new requirements are uncovered. The manner in

which the objects and classes are defined leads to modules
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that can remain useful with minimal changes or can be
discarded/replaced without impacting total design.

One of the major drawbacks to the 00 approach is the
very steep learning curve for systems developers. Since
the entire approach to viewing and developing systems
differs so radically from the structured approach, there
are not many people who are skilled at the 00 methodology.
This problem will lessen over time, if the methodology
catches on and new engineers and programmers are trained to
use OOA and 0O0OD. Although there is a growing belief that
00 is better suited to "complex new forms of integrated
systems" (Fichman and Kemerer 1992), system developers must
first become skilled in the process of identifying and

designing the components of the system -- objects.

Other Methodologies

As mentioned ea;lier, while other methodologies exist,
it is not feasible té describe each one within the context
of this research report. In addition to those already
described, others deserve mention, and may be found useful
within the context of the proposed methodology for DISs.
These additional methodologies include: cleanroom,
prototyping, and all-at-once.

» Cleanroom -- The basic premise of the cleanroom

methodology is that an ounce of prevention is worth a

pound of cure. It would be unthinkable for a
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structural engineer to allow a bridge to be built with
a design flaw, but software engineers knowingly create
software without rigorous verification of correctness.
The goal should be to get it (e.g., system
development) right the first time. The cleanroom
methodology is very formal and stresses the importance
of using principles that have been used successfully
in other engineering disciplines to develop "error-
free" designs. The diagram of the cleanroom system
development model presented by Hevner, et al. (1992),
depicts the activities and teams that participate in

the process (see Figure 7).
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Figure 7. Cleanroom Development Process
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The teams are used to implement the cleanroom for
systems analysis and design, with separate tasks
assigned to each: specification, development,
certification (Cobb and Mills 1990), and documentation
(Hevner, Vagoun, and Lemmon 1992 and Hevner 1992).

The first team develops the system specification
document, which describes the requirements of the
system. This document is used by the development team
to design the system, the certification team to design
the test suites, and the documentation team to develop
the system documentation. An incremental approach is
used to retain control over development of the system.
Fully functional subsystems, which provide the
required functionality, are specified, developed, and
documented. Testing is a parallel activity used to
certify the subsystems function as specified.

Box structpres are used within the cleanroom
methodology to hefine the system. The box description
graphic (BDG) and the box definition language (BDL)
provide a diagramming technique and a formal language
for documenting the analysis and design. The black
box, state box, and clear box are used for system
deccomposition (Mills, Linger, and Hevner 1987) and
provide a formal, mathematics-based technique for

system development. Thus, the cleanroom methodology
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maintains its rigorous, verification-based approach to
system development.

Quality is the essence of the cleanroom
methodology. Every team is indoctrinated with the
concept that quality comes first. Other methodologies
include reviews at various stages of the design, but
with cleanroom the design reviews and code
walkthroughs take on a new seriousness. The testing
is not done to find "bugs," but to statistically
determine the mean-time-to-failure (MTTF) for the
system (DeGrace and Stahl 1990).

While quality is seen as a primary benefit of
using the cleanrocom methodology, -the inherent control
and incremental approach to system development provide
the additional benefit of helping to control costs.

Significant gains in quality are possible by
implementing clganroom methodology, but some authors
worry about its:"military nature" (DeGrace and Stahl
1990) . There is concern that the creative element to
system development and the artistic nature of
programmers will be quashed by the rigidness of the
cleanroom approach. Until the rigors of the
methodology and importance of developing "error-free"
systems are taught within the systems engineering

discipline, just as it is for other engineering
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disciplines, it seems unlikely that the cleanroom
methodology will gain a very large audience.

Prototyping -- While prototyping is occasionally

promoted as a full life cycle methodology, it is most
useful as a technique within a methodology. A small,
discrete system can be designed and implemented
exclusively with prototyping. But few systems today
remain small or isolated over time. Documentation for
prototyping, where it exists, typically reflects the
system as developed and is not usually at the same
level of detail as the evolutionary documentation
found in other analysis and design methodologies
(DeGrace and Stahl 1990). The formal definition of
the prototyping methodology includes a feasibility
study, along with a study of the existing system.
However, the rest of the model revolves around
defining, build%ng, and testing the prototype. Once
the prototype i; determined to exhibit the features
and functions required for the new system, the
prototype is converted to a production system and
installed.

All-at-once -- DeGrace and Stahl (1990) describe two

all-at-once team approaches to system development,
where many tasks from the traditional methodologies

are done concurrently, or in parallel.
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One approach, the sashimi team, uses a compacted
version of the Waterfall model with increased
communication between the adjoining phases.

The second team approach is the scrum version of
all-at-once development, commonly used in Japan, which
includes a representative from a variety of groups:
designers, coders, testers, and users. They are
brought together and told that they have been selected
to work as a team to develop a system. Emphasis is
placed on their special abilities and how important
the project is for the success of the organization.
The idea is to promote the concept of the team being
able to accomplish something that could not be
accomplished individually, i.e., the whole is greater
than the sum of its parts. The team is not told how
to get to their goal, but is challenged to provide the
best solution they can find. Each member contributes
to the system dévelopment from their own perspective,
but soon begins learning how their piece of the
project integrates with the other pieces. The authors
report that the successes of using this approach have
largely exceeded even the original goals of the
organizations that have implemented it. They also
report that this approach is most suitable for new
development and not for re-engineering of an existing

system.
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The two-man version of the scrum pairs a user
with a developer to arrive at a solution to a specific
project objective. The user contributes the system
knowledge and the developer brings the information
system and programming knowledge. Successful use of
this technique requires careful selection of the team,
since any incompatibility could be a major problemn.

If either team member becomes intimidated by the
other, the system will be reflective of that influence
and will likely suffer from either a lack of
responsiveness to actual requirements or a design that
is overly influenced by the current system. When
implemented well, however, it provides an excellent
tool for cross-training users to be more understanding
of the constraints of system development and for
developers to be more understanding of the user's
environment and,requirements.

A "one peréon team" approach to all-at-once
development may be successful for small projects, but
is reminiscent of the early days when systems were
hacked together by one developer. 1In the rare
instance where the developer has in-depth
understanding of the requirements, as well as skill as
a programmer, this technique can be successfully used.
In the end, there is likely to be little documentation

and the quality of the system will be totally
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dependent on a single individual. (DeGrace and Stahl

1990) .

Summary

There are many sound principles developed within the
available methodologies. Successful and unsuccessful uses
of each methodology can be cited. The challenge of this
research effort, however, is to identify those specific
principles that will best benefit the development of a DIS
and provide the greatest level of guidance to the system
developers without overburdening them with excessive detail
or documentation. The ultimate goal should always be a

system that meets users' needs. -
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CHAPTER 3. DOCUMENT IMAGING SYSTEMS

Over the years in which computers have been widely
available to private industry and government for office
automation and data processing, information systems
development has largely concentrated on "adding automation
to a process, rather than automating the process." This
has been discussed by a number of authors, including Avedon
(1992) and Stadler and Elliott (1992). Now, with the
maturing of imaging technology, the opportunity exists to
automate the process.

Initially, organizations installed DISs for storage
and retrieval of documents -- electronic filing cabinets.
A DIS saves floor space and reduces financial expenditures
for file cabinets. It speeds up the retrieval of
documents, since there is no need for a person to get up
from their desk, go tp a file room, extract a file folder
(providing it can be Eound in the expected location), and
return to their desk. And there is no refiling process.
The electronic documents are always available. Since the
document's image 1s not physically removed from the
electronic file when a user is viewing it, many users can
access it simultaneously (Avedon 1992). This simplistic
viewpoint, however, overlooks the possibilities of
restructuring business processes to take advantage of the

full range of DIS capabilities (Safdie and Flanagan 1992).
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Document Image Processing

In the typical DIS, specialized equipment and software
is integrated with standard computer components. |
Components of a DIS that are also configured for office
automation and data processing systems include:
. hardware -- central processors, workstations,

communications links, printers, magnetic storage
. software -- operating systems, communications,

databases

Additionally, DIS-specific hardware and software
components, such as scanners and optical drives must be
evaluated, selected, and integrated when introducing
document imaging. These components cannot realistically be
selected until the processes are analyzed and details of
capacity and performance are evaluated. The primary
processes in a DIS are document capture, storage, and
retrieval. Document;capture is further broken down into

scanning, indexing, quality assurance, and committal.

Scanning

Document capture processes often determine the success
or failure of a DIS. Paper documents are converted to
electronic form, most commonly raster image files, using

scanners. Scanners are available with a variety of

features, depending on the documents to be scanned. There
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are a number of questions that are relevant to the
selection of scanners. Those listed below are extracted
from the list of questions prepared by AIIM (1992) and
represent only a sampling of the information that must be
known. (A more complete list is found in the AIIM RFP

Guidelines Technical Report.)

) What sizes and thicknesses of paper are to be scanned?

o Are the documents single or double sided?

) Are the images bi-tonal, grayscale, or color?

) What is the quality of the images?

. What is the condition of the paper?

. How many documents must be scanned within what period
of time?

Once the pages of the document are converted, they can
be stored on magnetic media. However, the raster image
file that is created by scanning a piece of paper is quite
large, so it 1is compréssed before storing. The compression
ratio between uncompressed and compressed image files is
dependent on both the algorithm used and the contents of
the scanned page.

Compression algorithms used for DISs are usually CCITT
Group III or IV, which were developed for facsimile
transmission across communications links. Other, more
efficient algorithms are available, but may be proprietary

rather than based on a de jure standard. An uncompressed
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image file of close to 1IMB (8.5" x 11", good quality, typed
text) can be expected to compress to less than 50 kilobytes
(KB) using CCITT Group IV.

As users begin to store more complex images, such as
grayscale and color photographs, in their image databases,
the CCITT algorithms do not significantly reduce the size
of the file. In some cases, it is even possible that the
compressed file size will be greater than the uncompressed
file. The JPEG (Joint Photographic Experts Group) standard
offers a mechanism to achieve a better compression ratio.
However, there is a cost to using JPEG. It is more complex
than CCITT and usually requires hardware assists in the
form of compression boards with RISC (reduced instruction
set computer) processors to provide acceptable performance.
The developer must also determine whether the most
efficient form of JPEG (lossy), which actually discards
bits of the image, can be used to achieve the greatest
reduction in file siée, or if, perhaps for legal reasons,
the lossless or exact version of the algorithm must be
used.

Figure 8 provides representative ratios for CCITT and
JPEG compression algorithms (Latimer 1992) for 3" x 6"
documents (check-sized). 1In addition to the effect of the
chosen algorithm, the table presents a clear picture of the
impact of scanning resolution. An increase from 200 dpi to

300 dpi more than doubles the size of the image file before
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compression.

legibility of the displayed image,

When a higher resolution is required for

the selection of an

appropriate compression algorithm becomes increasingly more

important.

Resolution| Raw Image Compression Compressed
Image Type (dpi) Size Type Ratio Image Size
Bi-tonal 200 90KB|CCITT G3 1D g8:01 11.25KB
Bi-tonal 200 90KB|CCITT G3 2D 10:01 SKB
Bi-tonal 200 90KB|CCITT G4 1D 15:01 6KB
Bi-tonal 300 202.5KB|CCITT G4 15:01 13.5KB
8-bit grayscale 200 720KB|JPEG-exact 2:01 360KB
8-bit grayscale 200 720KB|JPEG-lossy 20:01 36KB
8-bit grayscale 300 1620KB|JPEG-lossy 21:01 81KB
4-bit grayscale 100 90KB{JPEG-exact 2:01 45KB
4-bit grayscale 100 S0KB|JPEG-lossy 20:01 4.5KB
Figure 8. Typical Compression Ratios

Finally, many file formats are available for storing

images, however, Tagged Image File Format (TIFF) 1is

probably the most commonly used. The definition for TIFF
was developed by Adoﬁe Systems and release 5.0 of this de
facto standard is currently being used by many image

management system software packages.

Indexing

The next step in the capture process is indexing. If
there is to be any hope of retrieving the document, a
database index and/or a full text index of the information

in the document must be created. The document index must
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contain enough information to allow the document to be
identified for retrieval, but not so much that the data
entry work becomes overwhelming.

In some cases, the indexing can be done automatically
by integrating OCR or ICR technology. This is possible
when the document format is consistent, allowing the
software to be programmed to know the location on the
document page to look for the data. Bar code technology
provides another mechanism for partially indexing documents
without manual keying. When document types are unknown or
varied, the data may have to be keyed into the database
record manually. Hybrid systems allow a combination of
automatic and manual indexing. A DIS developer must ensure
that the indexing does not become a bottleneck in the

document capture process.

Quality Assurance

Many organizatibns include a quality assurance (QA)
step in their document capture process. The quality of the
images is evaluated and the accuracy of the indexing is
checked. Installations that use high speed scanners
frequently do not display every image during the scanning
process. The QA step then becomes important for assuring
the integrity of the image database. Document images that

do not meet quality criteria are rescanned. Incorrect

index fields are rekeyed.
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Committal

Once the quality of the document image and the index
is verified, images are ready to be committed to optical
media. While image files could be written to optical as
soon as they are scanned, there are reasons why that should
be deferred.

Many organizations use write-once, read-many (WORM)
optical media for image storage. Once an image is written
to a WORM optical disk, it is permanent. For performance
reasons, it is desirable for the images in a document to be
written contiguously to the same optical platter. Since
the document image quality is not checked until the QA
step, it is possible that one or more pages of the document
may have to be rescanned. In a multi-user system, if the
images are written to optical when scanned, the rescanned
pages would be written to another location on the optical
platter, or possibly‘even to another platter. By deferring
the committal procesé, documents pages are written together
on the optical disk, facilitating the retrieval process.
This also reduces the permanent loss of optical disk space,
which with WORM media cannot be reclaimed if a page has to

be rescanned.
Retrieval

For many organizations, the ability to retrieve and

display or print document images provides the true value of
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the system. 1In a storage and retrieval system, the user
enters a query to select relevant database records. The
user then determines which record(s) relate to the document
being sought and can request that the image be displayed.
There may also be situations where many documents are
pertinent and the user will need to see more than one image
to complete a task. Important factors to be considered by
the DIS developer include requirements for speed of image
display, image quality, and format for the user interface.
The document capture and retrieval processes may be
affected if a workflow application is implemented.
Workflow software may be designed to route the document and
related information through a number of processes involving
both human interaction and machine processing. The
analysis and design of workflow systems tend to be much
more involved and complicated, especially where the
organization is also trying to implement business process

reengineering.

Building A DIS
Many vendors promote document images as merely another
data type, similar to character and integer fields in a
database. This represents an oversimplification which may
benefit the marketing and sales of DISs, but sets
unrealistic customer expectations relative to the

complexities of implementing a DIS. There are many factors
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which are unique to imaging and others that need to be
addressed more carefully. They all add considerably to the
work of the system developer. The DIS analysis and design
methodology must provide appropriate mechanisms which allow
these details to be taken into consideration. Several of

the DIS factors are described below.

Document Analysis

One of the first activities required during the
analysis phase is identification and study of the documents
that are to be stored in the DIS. The results will help
determine the practical options for design and
configuration issues that will arise. -Document types and
document usage will impact the options for compression
algorithms, scanners, and image monitors and controllers.
The quantity and content of documents are used in
calculating capacity{and throughput requirements. Legal
requirements for docdment integrity affect the optical
media, optical drives, and compression algorithms that can
be used.

While analyzing the physical documents, the developer
must determine the definition of what constitutes a
document. The answer will vary from system to system and
possibly even from person to person within an organization.
When dealing with paper, it is easy for a human being to

identify a document, but once converted to electronic
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format, it is not obvious. In a DIS, a scanned page is
stored in a file. A single page can be a document. Or
multiple pages can be linked, via the database used by the
image management software, to form a document. Document
analysis includes defining exactly what a document is and

what the document looks like in electronic form.

Image Capacity Analysis

Determining the optical and magnetic capacity for a

DIS requires knowledge of several variables:

. the physical document, from Document Analysis

. the volumes of documents to be captured and stored in
the DIS

) the type of image compression algorithms supported by

the image management system

The size of an uncompressed image file is largely
dependent on the contents of the document page. Plain text
documents require le;s storage space than photographs.
Black and white requires less than grayscale or color.
Obviously, the more documents the system must store, the
greater the required disk capacity. And the more effective
compression algorithms will yield the most images per
megabyte of storage capacity available. At a minimum,
image capacity analysis requires examination of these three

factors.
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User Interface Design

While this is an important consideration in
traditional systems, it is critical in a DIS. Users who
are accustomed to handling paper files, perhaps in
conjunction with an automated system, must now adapt to
viewing the paper image on a workstation monitor. Allowing
a user to maintain the contextual feel of a paper-based
system requires careful analysis of user needs and
extensive prototype testing to validate design choices.

The display resolution must be sufficient to allow the user
to read the information on the image page without

eyestrain.

Performance

As with the user interface, performance is a
consideration during the analysis and design of all
systems. A DIS intrpduces complicating factors that are
not normally presentiin a data processing system. Optical
media is slower than magnetic media. Additionally, with
optical jukeboxes, the media may not even be in a drive
where it can be read immediately. The system software may
have to locate a platter, dismount a platter in a drive,
mount the newly requested platter, and finally read the
image(s) from the disk. The processes of compressing and
decompressing images introduce additional overhead.

Compression of images prior to storage impacts performance
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during the scanning operation. Decompression impacts any
type of retrieval (e.g., display and printing).

In cases where rapid performance is critical, there
may not be time to accommodate all of this processing and
still achieve required rates. When DISs were introduced as
replacements for file cabinets, it was considered
sufficient to retrieve an image in a minute or less when
compared to the minutes, hours, or days required to
retrieve a physical file. Today, many businesses use DISs
for mission critical applications where even a few seconds
delay can cause productivity loss and customer
dissatisfaction. It is not uncommon to find requirements
for page flip rates of one to two seconds.

Clearly, this level of performance requires careful
analysis and design. Developers must study retrieval
patterns to determine how the images will be used. System
configurations are affected by caching images on faster
peripherals, such as;magnetic disk, for retrieval. Faster
processors with more memory and decompression boards may be
required. The network topology and protocol may be
impacted. And the options of standalone optical drives

versus optical jukeboxes must be considered.

Backfile Conversion

Many organizations start their plans for implementing

a DIS with the idea of converting all existing paper files.

47



If this is the case, as an adjunct to document analysis,
the developer will need to identify the volume and
condition of the old files. As part of the analysis, the
cost of capturing the old files is calculated. This
includes not only the amount of storage required, but the
labor cost of scanning and indexing. Frequently, the user
finds that these costs outweigh the benefit of capturing
the old files.

If the user accepts the costs, the logistics for
accomplishing the task must be considered in the
implementation plan. The amount of time required may
involve weeks or months of scanning. Staging the backfile
conversion to coincide with the availability of a working
system 1s required. Two options are frequently used for
backfile conversion. Both require careful planning and
management.

1. The design and coding of the software, as well as the
design of the cenfiguration and the integration of the
hardware and software is largely complete before the
process can begin.

2. The conversion is carried out independently with only
enough indexing to allow the images to be imported
into the final database. Full indexing is completed

after the application is substantially in place.
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Versioning and Image Editing

As part of the image analysis, the developer must
identify if image overlays and versioning are required, as
they are for redacting (editing) applications where the
original image must remain unchanged. In other instances,
the image management system must support editing of the
image file. These requirements will affect the choice of

the image software, as well as the database design.

Image Retrieval

Developers are accustomed to studying the way that
users retrieve data to determine how to structure database
tables and indexes. With a DIS, the developer must analyze
the information embedded in the document image and
determine how the user can best retrieve that document when
needed. This analysis impacts the database index design.
Additionally, the developer must assess how the index is to
be populated. If auéomated indexing is required, an OCR or
ICR software package may be required. If full-text
indexing is needed, then OCR will be included.

The indexing strategy is also impacted if the DIS must
tie into an existing legacy system, frequently mainframe-
based. In this case, the developer must determine if the
index for the document is to be stored on the mainframe, on

the imaging system, or on both. This introduces data
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location issues related to replication and integrity of

data.

Workflow

While workflow is beginning to be included in the
design of traditional data processing systems, 1t has more
commonly been used with DISs. In early implementations, it
was not much more than a simple routing system, sending the
document from worker to worker for processing. Today,
workflow products include facilities to support sequential
and parallel workflows. Some systems allow administrators
to define conditional flows and automatic retrievals.
Dynamic or manual workload balancing is another important
feature, along with use of priorities to schedule some work
in preference to other less critical processes. These
features come into play as the developer analyzes existing

document flows and designs new processes.

Importance of People
The DIS issues presented above require specific
knowledge of the technology and the implications of
implementing a solution. However, without a thorough
analysis, which includes a complete and accurate
understanding of the requirements, the chances of a
successful implementation are less likely. The people in

an organization are the most important resource for

50



achieving an accurate definition of the system
requirements.

During the analysis of requirements for automating a
manufacturing process, for example, the individual worker
on the shop floor is likely to be able to provide the
system developer more information about the intricacies of
the process than the shop floor supervisor. The same is
true of the people who handle the paper in an organization.
The manager may know the company policies and the processes
based on a company manual, but the clerk who processes the
paper knows where the problems exist, what data is present
or missing at various stages in the process, and how the
company policies have been adapted to - the reality of
getting the work done. On the other hand, the clerk
probably views the system as a mechanism for entering and
accessing data without understanding the complexities of
the system internalsf And management approval for the new
process 1is necessaryito ensure adequate backing for the new
system.

It is important to recognize that most methodologies
do not include much, if any, emphasis on human factors in
the analysis and design of a system. This aspect of
implementing a DIS can lead to dismal failure, if not
properly addressed. The same worker who is handling the
paper will be spending their day in front of a computer

terminal after the DIS is installed. There will be none of
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the normal breaks to track down a file. While management
views this as a way to improve productivity, the net effect
on the end user and the work processes can be very
detrimental. Repetitive stress injuries may increase
because there are no breaks in the routine. Water cooler
conversations may be reduced, but the transfer of
information between end users may also be stymied.

There must be a mechanism for analyzing the human
factors aspect of a business, determining what is critical
to the work being done, and designing appropriate
mechanisms into the new system to accommodate them, as
necessary.

When the automation of a manufacturing process is
being considered, the first thing that is likely to be done
is a survey of existing technology for suitability to the
task. Document imaging is a relatively new technology and
many system developers, as well as the end users, are not
familiar with its caéabilities. A primary challenge,
therefore, is to educate everyone who will be involved in
the project: end users, middle managers, and executives.
These individuals must become "owners" of the system so
that they will be willing to commit themselves to its
success. It is important for the system developers to
understand the contribution that users can make to the
analysis and design of a DIS that will meet the needs of

the organization.
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End Users

Of all the people involved with a DIS, the end users
are undoubtedly the most heavily impacted by the new
technology. Most people have become accustomed to the idea
of using a computer in some way to help them get their Jjob
done. However, with document imaging, the way in which
they do their job will become fundamentally different
(Cinnamon and Nees 1991).

Currently, they might pull a file of papers and flip
through them to find the one they want. Perhaps they stick
a ruler, pen, or piece of paper into the file at various
places where they find specific information. If the phone
rings, they may leave that file, pull another file, and
respond to the caller's request for information before
returning to the original file. They may have a stack of
several folders on their desk that are in various stages of
processing. With the new DIS, there will be no paper
files. Images of thé documents will be called up on a
high-resolution monitor. How will these people deal with
the lack of a physical file? How will they mark their
place as they flip through a file? How will they even flip
through a file? How will they handle multiple files or
multiple requests?

The challenge for the system developer is very
complex, because there must be an understanding of much

more than just the types of data stored on the paper in the
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files. How people work with the documents, as well as the
relationships between various types of documents, becomes
very important. If the documents are not presented in a
usable way, the end result is likely to be an "informal"
file, printed copies of the documents that the user needs
to complete a task. Rather than reducing paper, additional
paper is generated. So the system developer must analyze
not only the information on the paper, but also the way the
paper and the information are retrieved and used. The only
way to do this is to involve the end user directly in the
systems analysis and design process. Therefore, the
selected methodology must support this type of interaction.
An additional factor that relates-directly to the end
user of a DIS is the environmental aspect of the job as it
will be performed after the system is installed. Users who
used to worry about paper cuts and falling file cabinets
will now worry about.radiation from the monitors,
repetitive stress injuries from using the keyboard, and eye
strain or headaches from looking at a screen all day. The
systems analysis and design methodology must allow the
human factors issues to be taken into account and resolved

in an acceptable manner.

Middle Managers

This group of people may represent the biggest

challenge to the system developer, especially in a records
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management department. They will have established an
organization that is rarely singled out, except when
someone cannot locate the papers they need to solve some
high priority organizational need (Trammell 1992). Yet
they, similar to a librarian, have built an organization
and a system for handling what may be massive volumes of
paper documents. They may have to deal with microfilming
of documents, which includes the complexities and safety
issues related to film processing.

These people are typically very protective of their
territory and may feel the new technology is an invasion.
They are, however, critical to the success of the new
system since they are the repositories of key information
about the way the organization revolves around the
documents within their purview. The DIS methodology must
be responsive to the concerns of middle managers,
especially those responsible for records management within

the organization.

Executives

Setting realistic expectations of senior management is
an important part of the system development process for
implementing a DIS. Vendors of imaging systems are very
eager to describe the fantastic returns on investment
(ROIs), improvements in productivity, and staff reductions

that can occur with a DIS. Rarely do they set an
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appropriate level of understanding relative to the amount
of work that must be done to achieve those types of
results. Any methodology used for this type of system must
include a cycle of interaction at the executive level to
identify realistic goals for the system. While it is true
that there is the opportunity to achieve dramatic changes,
not all of those changes come quickly or easily. If a
project is on the critical path to meet organizational
goals, or if management becomes overly anxious to see a
positive ROI on the books, the system design is likely to
suffer from being rushed into production (Trammell 1992).
However, if a clear understanding of the process 1is
achieved and expectations are set at a-realistic level, it
is reasonable to expect management to accept the fact that
the system will have to evolve over a period of time to

reach its full potential.

Summary
As system developers face the challenge of
implementing a DIS, it is clear that more is involved in
the process than installing the technology. These systems
directly impact the users in ways that may not initially be
identified. They also have the potential to impact the

-entire organization and the way it does business. There
are additional complexities that must be handled relative

to capacity, performance, and workflow, among others. 1If
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implemented well, a DIS can facilitate the addition of new
services, a reduction in overhead expenses, and an increase
in customer satisfaction. In the competitive environment
businesses encounter today, it may be the edge that keeps

them ahead of the competition.
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CHAPTER 4. INTERVIEWS AND OBSERVATIONS

AIIM publishes a magazine, Inform, which contains
articles related to document imaging systems. In January
1993, they included an article by Thornton A. May relating
the results of a survey conducted by Tenex Consulting, Inc.
This survey of professionals who have been DIS project
managers showed some disturbing results, especially for
anyone considering a career in this specialty. Twenty-five
percent of the respondents reported that their careers had
suffered severe setbacks as a result of trying to implement
a DIS. Another 17 percent indicated that their work was
not completed and they were "still trying" to get the
systems to be fully accepted by the users. Twenty percent
had abandoned the DIS technology and were trying to solve
the original problem using a different technology. And 33
percent had performeq further reengineering of the system
than was initially aﬁticipated before they were able to
gain user and management acceptance.

One problem identified by May (1993) is that
expectations are often misdirected. Executive level
managers become disillusioned when the cost of the system
exceeds their perception of its worth. While May
concentrates on the tendency of understating costs and
overstating benefits of a DIS, which are valid concerns, it

is feasible that not designing a system to truly meet
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business and user needs is a contributing factor in the
seemingly high failure rate.

To ensure that the proposed DIS methodology is
effective, it 1s important to examine the factors that
contribute to the successes and failures of implementing
DISs. This chapter presents the results of interviews with
individuals who relate their real world experiences with
DISs. The problems and benefits these professionals
encountered with various implementation approaches are
important considerations for developing the DIS

methodology.

DIS Interviewees -

The candidates interviewed are computer professionals
who have been involved in analysis and design of DISs for
two to seven years. They are all currently active in the
field and have had a yide range of experience with image-
based systems. The éomposite of those interviewed include
the following traits:

. One individual first became involved in imaging
technology from the perspective of satellite imagery.

The other DIS professionals got involved in document

imagery as an extension of their work with data

processing systems. For example, one person started
working as a programmer for data processing systems

and moved into document imaging in the late 1980s.
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Another was involved in a variety of programming and
systems integration projects ranging from financial to
office automation applications.

. The projects were largely for government offices or
agencies. They ranged from $25,000 to multi-million
dollar systems.

. Each of the individuals interviewed worked for an
imaging system vendor or systems integrator when they

implemented the DISs.

Together they bring a broad range of thoughts and

experiences about the processes they went through.
DIS Experiences

During the interviews, the topics covered included
both DIS-specific and general data processing related
issues and concerns. ‘They ranged from general approaches
for introducing DIS téchnology to the fine points of
application design and implementation. The discussion that
follows represents the highlights of the information

gathered during the interviews.

Methodologies

Each of the individuals interviewed had adapted tools
and methods from earlier career experiences to their own

approach for the analysis and design of DISs. One
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individual stated that the scientific method is an
appropriate approach in the absence of any formal system
development methodology. Document processing depicted via
programming-like flowcharts is also used as a tool to
depict current and proposed document flows, rather than
data flows. A formal methodology is available to project
managers within one organization. This methodology is an
adaptation of the Information Engineering approach. As a
matter of practice, the project managers adapt the phases
and deliverables to the system being implemented and the
requirements of the customers.

Based on the interviews, the success or failure of the
DIS did not appear to be related to the use of a standard
methodology for implementing the system. In many cases,
the users and management resisted the use of a full system
development methodology for their system implementation. A
number of reasons were given, some resulting from a
complexity of the précess involved, but primarily
attributable to the desire for a shortened development
cycle.

Users rarely understand the long term benefits accrued
from the use of a methodology. They see the amount of time
spent on analysis and design, while they wait for their
system to be implemented, and they question why the

developer cannot simply start building the system based on

their statement of needs. Historically, users have seen
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information systems (IS) organizations depart with the
requirements specification and return with systems that do
not meet user expectations, are later than promised, and
cost more than originally projected.

Users tend to reject the "trust me" attitude that has
pervaded much of the data processing world since the days
of the glass houses for mainframe systems. Users with PCs
on their desks are better prepared to be part of the
analysis and design of a DIS than their earlier

counterparts.

Diagramming Tools and Techniques

All interviewees agreed that the use of diagrams was
essential to good communications between the system
developer and the user. Complex diagrams, however, may
intimidate the users and prevent them from understanding
what the developer isltrying to convey. The diagrams
generated during anal}sis depict the current system and
users are expected to validate the analysis based on the
diagrams. If the users cannot understand the diagrams,
they sometimes approve the diagrams, whether correct or
not, just to keep things moving. The belief seems to be
that they can correct it later if it doesn't come out
right. The consensus of those interviewed is that the

diagramming method must be easy to teach to the end users.
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One of the problems with the diagramming techniques
used with many methodologies is the lack of a scheme for
depicting sequencing of transactions. Adaptations used by
developers include adding sequence numbers to the process
flows and the use of flowcharting to depict document
processing flows. While sequencing may not be critical for
a simple storage and retrieval system, 1t is essential when
examining a workflow application.

Another problem cited with many analysis and design
tools and techniques is the lack of support for graphical
user interfaces (GUIs). Application design and development
previously involved a single focus. Once an application
was invoked, the user entered data, performed queries, and
generated reports. When they wanted to use a different
application, they terminated the first and invoked the
second. Today, users are able to have many applications
active at one time, switch focus between those
applications, and, iﬁ fact, have the applications interact.
In a DIS, this is often the case when there is interaction
with an existing mainframe application. As a result, new
tools and techniques are needed to appropriately handle the
new implementation options and to be able to clearly depict

them for users.
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User Involvement and Human Factors

A frequently cited reason for a DIS system failure is
lack of end user involvement in the development process.

An implementation where the IS organization interprets user
needs adds another opportunity for the true requirements to
be translated incorrectly. In many cases, the IS group
feels that it is unnecessary to involve the users in the
system implementation.

At least two types of logic may lead to the isolation
of the user. First, the IS organization may have the
attitude that IS staff, the computer professionals, know
better than the users what should be implemented. A second
reason voiced by IS staff is that the users are far too
busy keeping up with their day-to-day work and must be
protected from getting involved in the system development.
However, the end result is often that needed functionality
is missing. It is a%so possible that the IS group will
perceive a need for éapabilities that might be considered
gold-plating and unnecessary by the end users.

Another situation that often yields an unusable system
is when a request for proposal (RFP) dictates the
implementation without allowing the winning vendor an
opportunity to conduct an analysis phase. Too often the
RFP is unclear or open to multiple interpretations. If the
vendor implements the system based only on the RFP, DIS

project managers reported problems implementing the system.
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The bottom line is that, regardless of the methodology
used, the DIS development process must involve users from
all parts of the organization in the analysis and design if

there is to be a reasonable chance of success.

Summary
On the basis of the interviews and various readings,
there are many reasons that traditional system development
methodologies are not used. Among those reasons are
several common to most users.
o The methodology is too complex and users cannot
understand the value that they will derive from it.
. The deliverables are too confusing to allow the user
to understand the analysis or design.
. User input into the design phase is typically too late
to allow substantive changes.
. Users do not trust system developers to deliver
systems that meet their needs on a timely basis and

within budget.

Some of the changes in the types of applications being
developed have led to incompatibility of traditional system
development methodologies. The multi-focused applications
in use today are not well supported by the structured
approach to system development, but are a better fit using

00 design tools and techniques. This type of problem is

65



not unique to DISs and is not addressed as a separate
consideration in the proposed methodology.

The concerns about the complexity of the methodology
and diagrams also are applicable to both DISs and
traditional information processing systems. However, the
issue of communication between developers and users is
considered to be essential. Therefore, the proposed DIS
methodology must provide an easily understood method of
communicating analysis and design specifications between
the different groups.

Finally, user involvement in the system development
process 1s considered a priority in the proposed
methodology. Again, this is a concern-in all types of
system development today. It is considered essential for
DIS implementation due to the human factors impact that the

DIS has on the end user.
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CHAPTER 5. DEVELOPMENT OF A METHODOLOGY FOR DISs

Chapter 1 presents the hypothesis for this research
project raising for consideration the idea that an analysis
and design methodology for DISs must emphasize three
topics: 1) understanding business processes, 2) human
factors and ergonomics, and 3) use of prototype or pilot
systems. Chapter 3 includes a discussion of DIS-unique
capabilities which require specific activities during
analysis and design. Chapter 4 provides anecdotal evidence
of the difficulties system developers frequently encounter
with actual DIS projects.

This research project is based on“the belief that
traditional methodologies, such as structured systems
analysis and design, do not adequately address these topics
during system development. The methodology proposed here
addresses DIS require@ents, where appropriate, throughout

the system development life cycle.

Proposed DIS Methodology
Figure 9 represents the types of activities which
might be carried out in a DIS development life cycle. The
proposed DIS methodology supports parallel activities for
five aspects of system development:
. training

. analysis, design, and implementation
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. testing
. documentation

J cost/benefit analysis

The Mills spiral is used as the system development
process framework for the proposed DIS methodology because
of its ability to adapt future activities to the outcome of
current work. As an activity is completed, the past
activity is evaluated and the next activity is selected.
Activities can be repeated, moved up or down the spirals,
spun off into parallel spirals, and added or deleted as
appropriate. The vertical lines in the spirals only
loosely represent time, since activities can be moved
around. The dotted lines across the spirals indicate
suggested phases within the development process.

Due to the complexity of implementing DISs and the
uniqueness of every organization, each system is likely to
require a customized-sequence of activities and spirals.
Since the Mills spiral model is based on the concept of a
growing model, it provides a dynamic model for use with
DISs.

Within this framework, the Box Structure Methodology
(BSM) supports analysis of the current and proposed
systems, as well as design of the proposed system. BSM
allows the developer to depict the sequencing of processes,

an essential element for analysis of document flow. It
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also provides a mechanism for identifying process problems
in the current system and validating the design of the new
system.

Upon reviewing the proposed methodology, the reader
may wonder why this approach would be used exclusively for
DISs. In fact, it is general in nature and could support a
wide variety of data processing systems. What this
methodology does offer for a DIS is the ability to
accommodate the unique features presented in Chapter 3, as
well as the specific topics emphasized in Chapter 1. The
following discussion points specify how the DIS
implementation details are supported by the proposed
methodology. 1In cases where the activity does not address
DIS-unique requirements, the reader is directed to seek

references in the current literature for typical usage.

Training

Various levels éf training are necessary for new DISs.
In organizations where imaging is not currently used, the
training should begin early in the development life cycle

and should include all levels of management and staff.

Technology Training -- A successful DIS implementation

can be achieved by ensuring that expectations are
correctly set and that everyone is comfortable with

the technology. With office automation and data

71



processing systems, many people have a reasonable
level of confidence and comfort. They know they can
enter the data into the system or create a spreadsheet
with predictable results. There is a level of
assurance that the data and files will not be lost.
However, people feel very nervous about scanning a
document, saving it to optical media, and destroying
the paper document. The more important the piece of
paper, the greater the uneasiness. The purpose of
technology training is two-fold. First, it is to
introduce new hardware and software capabilities to
the users. 1In addition, technology training is used
to raise the users' level of confidence that not only
is the document permanently recorded but that it can
easily be retrieved and displayed.

This period of training also serves as an
excellent opporgunity to experiment with a prototype
of the user intérface. Early training on a system
using mock system screens and functionality allows
developers to observe the way documents are retrieved

and used.

Prototype Training -- Many traditional methodologies

have been modified to support prototyping, but they
frequently are not flexible enough to accommodate

multiple iterations within analysis and design.
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Since, the proposed DIS methodology introduces the
prototype early in the process, users can provide
feedback at a stage when it will be most useful.

Once the development data dictionary is underway,
it can be used to develop prototype screens and
possibly a working prototype system. The use of this
prototype enhances user input into the design and
provides additional hands-on experience prior to
implementation. Importantly, user training on the
prototype can lead to early identification of human
factors design issues. As noted earlier, user
participation also enhances the possibility of user

acceptance.

System Training =-- This training is traditionally

conducted for new systems and is not unique to

implementing DISs.

Analysis, Design, and Implementation

Distinct milestones mark the end of one phase of DIS
system development and the beginning of the next, but they
do not restrict the project manager from allowing overlap
between phases. When incremental development is used, a
high level analysis and design can be completed and
development can start while the next level of analysis is

being conducted. If this is permitted, there will be
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parallel spirals within this area of the DIS methodology.
Steps can also be repeated as necessary. It is critical

that all levels of users be involved in these activities.

Problem Statement and System Objectives -- This

activity is not unique to a DIS. The developer must,
however, keep in mind that there are unique features
of a DIS that can influence the ability to develop a

system that meets all objectives.

Define Current System Black Box -- As with traditional

data processing systems, the DIS life cycle requires
an understanding of the current system. It is at this
stage that business processes and transactions are
identified. This analysis is useful in defining the

workflow for the new system.

Requirements Analysis -- Developing a DIS requires an

analysis of documents, including not only volumes, but
document types and document handling. Initial image
capacity analysis is performed to identify a baseline
amount of magnetic and optical disk. Document content
is examined and the effect of image compression
options on image file sizes are estimated. This is
done early, to allow user requirements to be re-

evaluated if the volumes exceed either the capacity of
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the system or the user's budget. Requirements for
image editing are also identified at this step. The
results of the analysis are used extensively in
developing alternatives and in selecting the hardware
and software for the new system. Additionally, a
study of the image retrieval patterns provides
important input during the design steps when
alternatives for document index, image storage, and

image caching are being developed and evaluated.

Develop Current System State Box and Clear Box --

Again, the DIS developer relies on the same activities
that are used with other data processing systems. For
a DIS, the developer can use the clear box definition
of the current system to verify that the current
system satisfies the requirements and can begin to
determine how tpe business processes might be re-
engineered to p;ovide more efficiency (Hammer 1990).
Workflow analysis for a DIS is supported during this
step. The verification and validation steps of the
BSM provide an excellent mechanism for validating that
business requirements are met and identifying areas
where the business processes can be enhanced. As a
part of this activity, specific performance

requirements should be identified and quantified.
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Define Entity Relationships for Current System -- If

the current system is automated, rather than manual,
the DIS developer must consider whether images can be
added without negative impact. As the entity
relationships are recorded, the developer may find
that the existing system presents constraints on the

design alternatives that are feasible.

Identify Constraints -- The DIS developer must be

aware of the impact of standards used within DISs.
Especially when developing systems for federal
government agencies, the standards required may place
constraints on the hardware and software technology
that can be used. Standards may also impact the

platform that is available for the user interface.

Walkthrough Current System -- As with all systems

development, waikthroughs constitute a validation of
the work already completed. User participation in
walkthroughs is particularly important for DISs
implementations, due to the significant human factors

impact on the system users.

Develop Black Box of Alternatives -- Many of the

unique DIS requirements are supported in this step.

As a result of the document analysis conducted
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earlier, the developer must perform a trade-off
analysis of the compression algorithm to be used.

Factors in this analysis include:

. the type of documents

. the most effective algorithm for those types of
documents

. the performance implications of the compression

and decompression processing

. the magnetic and optical disk capacity required
to store images compressed using the alternative
algorithms

. the cost of compression/decompression hardware

and software

At this stage, the developer analyzes the options
for document indexing and location of the indices, as
well as for the;inclusion of OCR, ICR, or bar code
techﬂologies. Additional factors of image storage and
imaging caching can also be evaluated.

Alternative document capture strategies are
considered at a high level during this step, but more
detailed analysis may have to be conducted during a
subsequent step. Throughput analysis for each
alternative should be conducted to ensure that the

system can capture the document volumes within

prescribed timeframes.
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Prototype Development -- Based on the results of the

analysis steps and the preliminary design
alternatives, a working prototype of the system is
developed. If a prototype is included in the
Technology Training step, user comments from that
activity are inceorporated into the prototype design,
as appropriate. The prototype is used in the
Prototype Training activity to provide additional user
feedback about the design and functionality of the
user interface. The individuals responsible for
testing also use the prototype in the Execute
Prototype Tests activity.

Build Data Dictionary -- The process of developing the

database is not unique to DISs.

Develop Box Structure Design -- As with other

automated systeﬁs, this step provides the detai;ed
design of the new system. Nothing new for a DIS
implementation is introduced in this activity.
However, each DIS-specific factor should receive the

attention of the developer for detailed design.

System Design Walkthrough -- As mentioned for the

current system walkthrough, this step is critical to

the success of all systems, not just DISs.
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Select Hardware and Software Configurations -- As with

all automated systems, hardware and software
components are selected. The DIS adds a level of
complexity to the process as the technology may be
unfamiliar to the user or the user may have pre-formed
ideas of the capabilities of various components.

While these additional DIS components increase the
complexity of the task, the processes for carrying out

this step are not unique to DISs.

Acquire Configuration Components -- This step too

follows standard procedures. In the implementation of
a DIS, however, components may have to be acquired
ahead of the schedule normally used for automated
systems. This may be necessary to facilitate

prototyping or backfile conversion.

Technology Evaluation -~ The complexity of integrating

imaging components and dealing with the additional
load that images place on a system should not be
underestimated. While the same types of installation,
integration, and troubleshooting skills are used in
implementing both DISs and other automated systems,
this activity requires additional attention for a DIS.
Unless all products were successfully integrated for a

previous project, it is necessary to prove that they
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can be made to work together as required. For

example, moving images from a scanner to a separate
OCR engine may not be as simple as transferring the
file due to differences in the image file header or

compression techniques used by the two products.

Develop System Applications -- Programmers must be

aware of the implications of using images and image
management software. The activity of application

development is, however, not unique for DISs.

Convert Existing Data -- As mentioned in Chapter 3,

many organizations do not understand the cost in terms
of time and resources required for backfile conversion
of documents. At this step, the conversion effort is
undertaken. Depending on the strategy selected and
the volume of m?terial to be backfiled, this step may
require weeks, ﬁonths, or even years. In a DIS
implementation, scheduling appropriate amounts of time
for this process can be more critical than for other

automated systems implementations.

Installation and Acceptance -- This step is a part of

the implementation of any automated system and is not

unique to a DIS.
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Maintain System -- All systems require planning for

maintaining the system. This is an ongoing activity
to provide support for the system once it is in

production.

Testing

The Cleanroom methodology specifies that testing is a
concurrent activity to system development. The same
approach i1s recommended for the proposed DIS methodology.
This testing approach is not unique to DIS implementations,
but it is critical to ensure that requirements are

satisfied.

Develop Test Scenarios -- Responsibility for testing

will ideally be given to an independent test team.
This team will develop the initial test scenarios
based on the requirements and critical success factors
identified in tﬂe Problem Statement and System
Objectives activity. Tracking requirements from the
originating documents ensures that something is not

inadvertently overlooked as the system evolves.

Execute Prototype Tests -- At this step, the testers

can apply the test scenarios to a working prototype.

With this early testing of the system design, there is
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an opportunity to validate that the system remains on

track with the initial requirements.

Incremental Tests -- Testers validate that system

components and subsystems function as specified. If
the rules of referential transparency are observed,
new code modules can be tested and added to the
working prototype of the system without introducing

errors and requiring earlier tests to be repeated.

Execute System Tests -- Full system tests are a

parallel activity during Installation and Acceptance.
During this activity, the developers satisfy the users

that the system functions as required.

Readers interested in pursuing additional information

on testing may find texts by Mosley (1993), Hetzel (1988),

and Myers (1979) helﬁful.

Documentation

Often left to the end of the development life cycle,

the proposed DIS methodology recommends that the

documentation phase be a parallel activity to analysis and

design. This is not unique to a DIS implementation.

Documentation activities include:

Evaluate current system documentation
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o Develop high level system documentation
. Develop user documentation

. Develop system administrator documentation

Cost/Benefit Analysis

Adequate monitoring of project costs, both current and
projected, is essential to maintaining cost control. This
is an ongoing task, with specific checkpoints, as

identified below.

Requirements Analysis -- During the requirements study

for a DIS, the documents to be stored in the system
are studied and estimates are made of the magnetic and
optical capacity requirements. When these
calculations are complete, it is important to
reevaluate the proposed system to determine if the
plans are still feasible. 1If the capacity required
for the documenés raises the cost of the system beyond
the original forecasts, it may be necessary to adjust
the requirements to fit the budget or increase the
budget. This could include a trade-off analysis of
the costs and benefits of alternative document storage

strategies.

Evaluate alternatives -- At this step, regardless of

the type of system, the system developers should
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examine all alternatives to determine which provides
the best value to the users. This activity is not

specific to DISs.

Evaluate prototype -- Changes to the system design

resulting from use of the prototype during training
and testing can have an impact on the cost of the
system. In cases where new products or alternative
programming approaches are required to satisfy the
requests for change, a trade-off analysis may have to
be conducted. This evaluation is used to determine
what can be done within the financial and schedule
limitations for the system. If the changes are
necessary, additional resources may have to be
budgeted. This activity is not unique to DISs.
However, since the proposed DIS methodology places
such emphasis on the prototyping, it is more likely to

be needed.

Adjust ROI model -- Once an implementation alternative

is chosen, the return on investment model from any
earlier feasibility study should be modified. This is
the model by which the system's cost effectiveness

will be measured.
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Measure system against goals -- Periodically, after a

system is in production, measurements should be taken
to determine if the projected benefits are being
realized. This activity is essential for all systems.
As time passes, these measurements will show when the
system is no longer cost effective and should be

replaced.

Summary

The proposed analysis and design methodology supports
the DIS-specific issues and factors mentioned in Chapters 1
and 3 and emphasized in Chapter 4. It provides flexibility
for adapting the steps within the phasés to fit the
requirements of a particular implementation. If users are
familiar with the technology, less emphasis can be placed
on the Technology Training. The additional considerations
for image capture, storage, and retrieval are accommodated
within the phases of the proposed methodology. Users are
included throughout the system development process, from
analysis of the current system through verification that

the new design meets user requirements.
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CHAPTER 6. EVALUATION OF PROPOSED DIS METHODOLOGY

This chapter presents a case study of the proposed DIS
methodology, focusing on activities that address three of

the DIS issues raised in Chapter 3:

) Document analysis
. Image compression coptions
) User interface design

It is critical that the methodology support these
three activities to ensure that the DIS implementation is
successful. This work occurs early in the system
development life cycle and, therefore,” impacts many of the
activities that take place later. The proposed methodology
is flexible enough to adapt to the unique characteristics
of a DIS, while providing control for the flows of
information out of t@ese activities and into those
activities that folléw.

This project begins with the Analysis, Design, and
Implementation spiral, defining the system requirements and
objectives. In other situations, the process could begin
with another spiral. An organization with no DIS
experience could start with Technology Training under the
Training spiral to allow users at all levels to become
familiar with the technology before finalizing the system

objectives. By educating the users about document imaging,
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they will be better prepared to participate in the analysis
and design activities. The staff at the company
participating in this case study is very familiar with

DISs.

The Case

A request has been made for a system to maintain a
library of readily available technical specification
documents for a systems integration company. The engineers
at that company are tasked with finding components that
meet their customer's requirements. To prepare for product
identification and selection, the engineers acquire a large
quantity of marketing and technical literature. This
product information is also used as reference material
during proposal development.

At present, each engineer keeps a separate, manual
filing system. Sincg the number of available products is
quite large, it creatés a burden on each engineer to
maintain their files so that the material is easily
retrieved when needed. Engineering managers feel that a
centralized, well-controlled DIS will have several
benefits:

. A central repository for technical documentation will
provide all engineers with access to the same, broad
range of information. Frequently, one engineer will

discover a new product which may be of interest to
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other engineers, but the current methods make sharing
difficult. As a result, excellent products that meet
technical, as well as price/performance criteria, are
sometimes overlooked.

. By using an on-line database, searches across product
categories or vendors will be facilitated. It is
currently impossible to maintain a manual filing
system that supports both types of searches equally
well.

. By using a DIS and storing electronic copies of the
documentation, many engineers will have access to the
specification sheets simultaneously. Currently, to do
this they must make copies of the documents.

. A DIS will eliminate the problem of missing or
misfiled documentation, since the images are not
actually removed from the system when they are viewed
or printed.

o As new literatu%e is received, there is a tendency for
the engineers to add the new documents without
removing any of the obsolete material. The process of
deleting out-of-date and superceded documents will be

facilitated by the DIS.

The originally stated objectives are that the system

be easy to use; not take a lot of time to maintain; use
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existing hardware and software, if possible; and utilize
few technical resources during development.

A simple database would provide some benefit to the
company. However, with such a large number of disparate
components being used in customer configurations, the
number of data elements that would have to be entered to
facilitate retrieval of product information would make the
system too burdensome to update on a regular basis. By
implementing a DIS, the data entry can be kept to a
minimum, just enough to allow the engineer to identify a
range of products. Further product qualification is done
by providing the engineer with the capability to view the

specification sheets stored as images within the DIS.

Problem Statement and System Objectives

Input: Original Problem Statement
Original System Objectives

Output: Refined Problem Statement
Measurable System Objectives

The first task for this step is to refine the problem
statement and establish the system objectives in terms of
measurable critical success factors. In addition to
flowing directly into the Management Review step, the
output of this step provides the baseline requirements used
in the Develop Test Scenarios and Installation Acceptance

steps of the methodology. The criteria must be well
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defined so the tests truly reflect the way thé system will

be used and judged by the engineers. The output is also

used during the Define Current System Black Box to focus
the analysis on the problem to be solved. During the

Develop Black Box for Alternatives step, these requirements

are used to validate that the design choices support the

users' needs.

For this case study, the original problem statement is
accepted as written, but the objectives are modified so
that they are measurable.

. Ease of use: Must be able to train a new user to scan
and index documents in less than 1/2 day. Must be
able to train a new user to retrieve and print
documents of interest in less than 1/2 day.

. Time to maintain: Must be able to scan and index an
average of 30 documents per day in less than 2 hours.

. Hardware and software: Other than optical devices and
media, use exisﬁing hardware and software currently
available for DIS development, support, and
demonstration.

. Development resources: Allow internal staff to design
and develop the system without interfering with

existing customer deliveries and new business support.
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Management Review

Input: - Refined Problem Statement
Measurable System Objectives

Output: Approved Problem Statement
Approved System Objectives

The management team must agree to the specifics of the
problem statement and the system objectives which are the
product of the previous activity. This approval must be
gained to ensure that the delivered system will have
defined criteria against which it can be measured and
judged. One benefit of using the spiral paradigm for the
proposed DIS methodology is that it allows the parts of the
input that are approved to be forwarded to the next
process, Define Current System Black Box, while the parts
that are not accepted are resubmitted to the previous

process for further refinement.

Define Current System

Input: Approved Problem Statement
User Interviews
Current System Documentation

Output: Current Logical System Description

Business processes and document handling are analyzed
in this step. The Approved Problem Statement document is
used to help the developer focus on the problem(s) to be

solved. The system developer conducts interviews and
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gathers information from users at all levels. End users
explain how they do their jobs and provide details about
what data they need at each step. Middle managers and
supervisors provide information about how they control the
work that flows into and out of their area. Upper
management supplies information about goals for the
organization and what work they believe is being done.
Evaluation of Current System Documentation is a parallel
activity under the Documentation spiral from which
information about the current system functionality is
drawn.

The accumulation of all of the interviews is analyzed
by the system developer and reviewed with the users and
managers to ensure that the work has been captured
accurately. The output of this activity forms the basis
for business process reengineering that is done in the
Develop Black Box for Alternatives and Develop Box

Structure Design activities.
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Requirements Study

Input: Approved Problem Statement
Approved System Objectives
User Interviews
Paper-based Documents
Current Logical System Description

Output: Description of Documents
Image Capacity Projections

Two DIS-specific activities are conducted during this
step: Document Analysis and Image Capacity Analysis. Both
of these analyses are conducted as part of this thesis and
are presented below. The problem statement and system
objectives, output from the Management Review step, are
used as input. Users supply informatiqn about what
constitutes a document, how it is handled, and what
document data are used. The system developer examines the
documents to identify the characteristics pertinent to
document capture, storage, and output. Users may provide
estimates of the volumes to be used for image capacity
analysis.

The output from this step is used in other steps of
the proposed DIS methodology. Document analysis provides
preliminary data for developing a prototype user interface.
The results of the image capacity analysis are used to
determine feasible alternatives and are directly input into
the hardware and software selection. The output also flows
into the Develop Test Scenarios process to provide

additional understanding of user requirements that should
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be part of the test suite. The Identify Constraints step
also makes use of the output from this step. Document
content, usage requirements, and image compression
characteristics can all impose constraints on the system
under development.

A parallel activity in the Cost/Benefit Analysis
spiral reviews the costs associated with the image capacity
analysis and evaluates the projected benefits. Adjustments
in the number or types of images to be stored or the image
compression algorithm can be made if the analysis shows

that costs are out of line with the budget.

Document Analysis

One of the early activities in th; Requirements Study
step is Document Analysis. In Figure 10, the activity loop
for Requirements Study is highlighted. The Requirements
Analysis loop is also highlighted to indicate that there
are Cost/Benefit implications for the findings of the
document analysis work.

A stack of technical material was examined and
categorized based on a number of relevant criteria,
including form size, ink color, paper color, and binding.
The material for the Tech Library consists of product
information received through the mail, during meetings with

vendors, and from technical exhibitions and seminars.
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Figure 10. DIS Methodology - Document Analysis Activity
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The paper was separated into documents, with a

document being defined as:

. a specification sheet for one product

. a specification sheet for multiple products

. a marketing brochure describing a product family
. a white paper describing a product feature or

functionality in detail (e.g., standards compliance,

performance testing results)

. a published customer testimonial

o a press release describing a new product or products
o an annual report or financial profile of the vendor
) a price list for products or services

. a letter or memorandum o

The stack of accumulated material was broken down into
250 documents, fifty of which were determined to be
unsuitable for storage in the Tech Library. A few were
disqualified because>they represented duplicates of
information previously examined. A large percentage of the
rejects were cover letters which contributed no meaningful
product information. The distribution of the remaining 200
documents is analyzed below. A tabulation by document is
included as Appendix A.

As is shown in Figure 11, the largest volume of
documents, 89 percent, are 8.5" x 11" in size. The 10

percent of the documents which are larger than letter size
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may result in larger image files, depending on the content

of the pages and the compression algorithms selected.

8.5" x 117

90.00%
80.00% 1
70.00% +
60.00% 1
50.00% 4

40.00% 1

Percentage

30.00% 4+

20.00% ¢
>8.5" x 11"
10.00% 1
<8.5" x 11"

0.00% :

Form Sizes

Figure 11. Distribution of Paper Sizes

Over 81 percent of the documents evaluated were
double-sided. This will be a major consideration when
selecting the type of scanner to be used for document
capture.

Although 93.5 percent of the documents surveyed used
black ink for text, the survey also found that a large
number of vendors (68 percent) are now using colored ink on
the documents they distribute. Even letters and press
announcements were found to have at least one ink color in
addition to black. This data is significant for evaluating

the alternative image compression algorithms, as well as
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the types of scanners, image displays, and printers to be
configured.

Even though vendors have started using colored ink
extensively, in this survey 86 percent are still printing
their literature on white paper stock. Tinted or colored
paper, used for 14 percent of the documents examined, can
result in larger image files, depending on the scanner.
Since colored stock is still being used for a relatively
small percentage of documents, procedural methods, such as
copying, may be the most feasible means for dealing with
those documents prior to scanning.

The binding classification identifies not only how the
pages of a document are fastened together, but also the
number of images that would result from scanning. Figure
12 shows the three classifications: single sheets (single),
a single shget of paper that is folded once or twice
(folded), and single_sheets of paper that are folded once
and bound together a£ the fold (bound). Interestingly, it
shows that an approximately equal number of images would be
generated by each classification, even though the majority
of the documents are single sheets. There are an average
of 3.7 images per document. These data, as well as the
calculations for storage capacity, are input into the

database-sizing activity during design.
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Figure 12. Relationship of Documents to Images

Of the 200 documents in the survey, 46 percent include
some type of line art. Over 18 percent of the documents
contain colored line art. Photographs are found in at
least 47 percent of the documents and 26 percent of them
contained color photographs. The use of photographs is
largely found in har@ware related documents, although some
software companies are also beginning to include them.

Over 50 percent of the documents in the survey were in
the software category, but the split between software and
hardware documents is expected to be fairly even over time.
The 22 percent of documents in the Co. (Company) Category
consists of price lists, press releases, company
background, company financial information, and other

similar material.
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The information from the Document Analysis activity
will be used as input into a number of other activities.
Within the Define Current System step, the classifications
will be used during the evaluation of Image Compression
Options. The information will also be used as input to the
selection of hardware and software and will influence the
design of the database and the user interface.

Reviewing the sample documents in Appendix B, the
reader can see that the data provided for products varies
greatly, even when the product category is identical. For
instance, Cornerstone and Sigma Designs both have 120 dpi
image display monitors, but the technical details about the
products vary. Sigma Designs lists the phosphor as high
efficiency, paper white, while Cornerstone's data sheet
indicates that the phosphor type is P-104. As a result of
these differences in attributes, generalized table elements
have to be identified for the document index. This part of
the document analysi; is used as input to the prototype
building activity, the definition of alternative system

designs, and when building the data dictionary.

Image Compression Options

Figure 13 presents the activity loops in the
methodology where the image compression analysis is
conducted. The Requirements Study and Requirements

Analysis loops are repeated for this work.
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Figure 13. DIS Methodology - Image Compression Options
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Document analysis established that many of the
documents to be captured for the Tech Library contain color
text and photographs. DISs that store color images are
uncommon and very expensive at this time. The customer has
set a constraint that a color solution cannot be proposed,
so the only alternatives evaluated for storage of these
images are bi-tonal and grayscale representations.
Grayscale provides better image resolution, but also
requires a more expensive system, including greater disk
capacity and compression/decompression accelerators to
support the JPEG algorithm. CCITT Group 4, typically used
for bi-tonal images in DISs, provides a less costly system
but with some sacrifice in display quality of images,
especially those with photographs.

Figure 14 contains estimates of the file sizes for
8.5" x 11" documents at various compression ratios using
both CCITT Group 4 (bi-tonal) and JPEG (grayscale). For
JPEG, the Lossy optign produces the best compression
factor, but with a greater loss in image quality. The
Exact option for the algorithm ensures that no pixel (bit)
of image data is lost, but at a dramatic increase in

compressed file size.
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Bi-tonal images -

Raw Best Case Worst Case Expected
Image | CCITT Group 4| CCITT Group 4| CCITT Group 4
Size | Ratio Size Ratio Size Ratio Size
200 dpi 467KB | 28:1 |16.7KB 7:1 66.8KB 15:1 | 31.2KB
300 dpi 1.05MB| 28:1 | 37.5KB 7:1 150.2KB| 15:1 | 70.1KB
8~bit Grayscale
images
Raw Best Case Worst Case Expected
Image | JPEG (Lossy) JPEG (Exact) JPEG
Size | Ratio Size Ratio Size Ratio Size
200 dpi 3.74MB| 30:1 125KB 2:1 1.87MB 20:1 187KB
300 dpi 8.42MB| 30:1 281KB 2:1 4.21MB 20:1 401KB

Figure 14. Comparison of Compression Ratios

and File Sizes

The expected annual volume for the Tech Library is

7,990 documents. 1If, on average, there are 3.7 image pages

per document, there will be 29,563 image files to be stored

on the system annually. Using the compression ratios in

the expected range shown in Figure 14, the required optical

capacities are presented in Figure 15. The 650MB platter

used in the example is a common 5.25" optical disk

capacity.
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Bi-tonal Images

Expected # 650MB
File Capacity Platters
Size Required Required
200 dpi 31.2KB 922MB 1.42
300 dpi 70.1KB 2.1GB 3.18
8-bit Grayscale
Images
Expected # 650MB
File Capacity Platters
Size Required Required
200 dpi 187KB 5.5GB 8.51
300 dpi 401KB 11.9GB 18.24

Figure 15. Optical Disk Capacity Estimates

Since a large number of images contain photographs and
complex graphics, it is unlikely that the expected ratios
could be achieved consistently using ébITT Group 4
compression. Consequently, the calculations in Figure 16
represent 50 percent of the documents at the Expected ratio
and 50 percent using the Worst Case ratio to adjust the
capacity. Even using this adjustment, the Group 4 option
requires less optical disk capacity than JPEG.

Bi-tonal Images
with Adjustment

Expected Worst Case # 650MB

File Capacity File Capacity Platters

Size Required Size Required Required
200 dpi 31.2KB 922MB 66.8KB 987MB 2.22
300 dpi 70.1KB 2,072MB 150.2KB 2.2GB 5.0

Figure 16. Bi-tonal Capacity using Photographs
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Based on the tables in Figures 14, 15, and 16 above,
it is obvious that the use 0of grayscale images will require
a larger investment in optical disk media than bi-tonal
images. Additional factors that have an adverse impact on
the system cost include: the use of an optical jukebox to
facilitate access to optical disks; more complex image
compression and decompression software requiring expensive
hardware accelerators; and more costly image display
monitors and controllers.

While the difference in the initial cost of the
server-based components for the two alternatives only
varies by the cost of the optical media, the cost of
storing grayscale images quickly outpaces bi-tonal images
in the following years. The capacity of the jukebox used
in Figure 17 is sufficient for only one year of the 200
dpi, JPEG-compressed, grayscale images, whereas is it can
support four years of bi-tonal image storage using the
adjusted image compréssion ratios in Figure 16. The
greater than 50 percent delta in workstation costs is also

significant.
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[CCITT G 4[7 JPEG 1

Server-based Component Prices

Hewlett-Packard Jukebox (C1718C) $6,700 $6,700
HP 650MB Rewritable Optical Disks (8 pack) $1,360 $2,720
Total Server-based Prices [ $8,0601 $9,42q

Workstation Component Prices

Optibase Model 100 JPEG Accelerator Board 3695
Optibase Workshop JPEG Software $149
Cornerstone DualPage 120 Monitor w/Polished Glass $1,495 $1,495
Cornerstone DualPage 120, Monochrome Controller $1,000

Cornerstone DualPage 120, Grayscale Controller $1,500
Per Workstation Cost l, $2,495[ $3,83§]

Incremental cost per workstation for JPEG $1,344

Figure 17. Price Comparison Between Alternatives

Additional factors which impact the cost of
implementing the grayscale option include the higher prices
of scanners and laser printers that support grayscale.
Perhaps even more significant is the cost of integrating
the grayscale support into the image management software
that has been selected for use in implementing the Tech
Library. The ViewStar image engine provides native support
for bi-tonal images and CCITT Group 4 compression. The
support for grayscale images would have to be designed and
developed as a separate subsystem. This would require
sign%ficant engineering resources, which are not available
for this project. The figures presented in Figure 17
represent list prices for products required by the

alternative solutions
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The bi-tonal image alternative 1s the preferred option

for the Tech Library implementation, for both cost and
technical support reasons. The goal for the system is to
provide access to the specifications of a product.
Accurate reproduction of the photographs is not required to
support this goal. As a result, CCITT Group 4 compression
of bi-tonal images is considered to be the best option for
implementing the Tech Library.

Output of this analysis is used as input during the
selection of system components and alternative system

designs.

Prototype Development

Input: Approved Problem Statement
Approved System Objectives
Document Analysis
Current Logical System Description
Black Box Descriptions for Alternatives

Output: Working Prototype

During this activity, a working prototype system is
created. The prototype may not be a fully functional
system, but should provide the model for the user
interface. This model can be used in parallel activities
for user training and system testing. The work conducted
for this thesis relative to prototype development is

presented below.
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As the analysis of documents progresses, the prototype
user interface is refined. This is an iterative process,
whereby users operate the test system during training can
contribute comments about its strengths and weaknesses.
These comments are input to refining the prototype and to
other system development activities. Prototype testing and
training may identify constraints which are then input into
the Identify Constraints step. These testing and training
activities also become adjuncts to the activities of
defining system alternatives and designing the new system.
Since the framework for the methodology provides the
ability to go back and repeat earlier activities based on
new discoveries, the Develop Black Box Alternatives
activity can be repeated to incorporate the results of the
prototyping activity.

Because the DIS alters the way the users do their work
so significantly, thg interaction of the user with the
prototype is essentiél to getting the user interface design
right prior to deployment. The use of the protype in the
Testing activities helps to ensure that the system
developers are not straying away from the stated

requirements for the DIS.
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User Interface Design

The Prototype Development loop is highlighted in
Figure 18. Additionally, Prototype Training, Execute
Prototype Tests, and Evaluate Prototype activities are
highlighted to indicate the parallel activities in the
Training, Testing and Cost/Benefit Analysis spirals.

The Document Analysis activity, which is conducted
during the first iteration of the Requirements Study loop,
provides much of the input to the initial prototype design.
While studying the documents, the context is examined to
determine what information is important. As the system
developer determines alternative implementations for the
DIS, the alternatives are used as input to the prototype
building process. 1In some cases, more than one prototype
may be built. With a preliminary structure for the
database tables, an early prototype can be built.

The test applicgtion for this case study allows users
to experiment with tﬂe Tech Library before it is completed.
The results of this testing are fed back into the
prototyping activity and are also output to database

design.
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DIS Methodology - User Interface Design

Figure 18.
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While this appears to mirror the work done in
developing a typical data processing application's user
interface, the developers must use their knowledge of DISs
to determine how to best support the user's needs. Since
much of the important information on the document is not in
the database, and thus not directly available for querying,
the developer must be cognizant of the different ways the
user may want to access the documents. Keying all of the
data from the document into the database is not generally
feasible due to time and space constraints. So the user
interface must provide a generalized notion of the data,
allowing the user to identify candidate documents that can
be reviewed in detail for more specific information.

As the developer approaches the design and
implementation of a user interface as part of the
prototype, it is important to consider that available image
management software provides a wide range of functionality
and capabilities. Séme software is designed as a toolkit,
allowing the developer great flexibility in creating a
custom system. For this type of software, the development
effort will most likely be more time consuming and complex.
Other image management software allows a system to be built
easily and quickly, but imposes certain constraints on the
developer's creativity. As a result, the user interface
may have to be designed to accommodate specific limitations

of the software.
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The tool used to develop the prototype user interface
for the Tech Library is REDAC, a product of Severn
Companies, Inc. REDAC is built on top of the ViewStar
image management software package. ViewStar provides the
image management engine; REDAC provides a customizable
interface to the engine. The time and cost of developing a
system are greatly reduced by having a non-programmatic
application builder, but, as noted above, some flexibility
in user interface design is sacrificed.

For this project, the prototype is used to: 1) test
the structure of the screens to ensure the user interface
is easy to use and 2) validate that data elements to be
stored in the database support queries-which retrieve
relevant documents. By selecting a tool that provides an
easily generated user interface, these tests can be
conducted early in the design process and thus have a
positive effect on the database design and implementation.

The data elemengs for the Tech Library tables are
listed in Appendix C. The elements represent relevant
information which is generally present on technical
literature. The first prototype screens were developed
from that list. Figure 19 is the screen used to define the
template for the Library TECHDOC. Figure 20 is the

template for the VENDORS table.
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Def ine Library | TECHDOC

# DB Nome Attr Label Type
1 VEN_NAHE Uendor Mame LOOKUP
2 PROD_CAT Prod. Cat. ALLCAP
3 PROD_NAME Prod. Naome CHAR
4 CAPACITY Capacity CHAR
S PERF Performance CHAR
6 RELEASE Release CHAR
7 DOC_DATE Doc. Date DATE
B SCAN_DATE Scanned Date DATE

( . Rdd ) ( Showu List)
Q Update J @mu Entry )
( Delete ) @oue tu@ D

( Save ) r Clear )
(Xaue As... ) ( Cancel )

Database Mame..:
Attr ibute Label:
Datalist Label.:
Datalist Length:

Data Types: Properties!:
0 Character , O Index
ORIl Caps [:] D Description
OSmall Int O Handatory
O Integer O Unique
O Flaat O Fast Lookup
oo
O Text Sorters...
™ Laokup : VENDOR

O Sequence
O Hook

Edit Prompt....: Select Uendor from list... |

Figure 19. Template for

Initial Library Definition

Define Package : UENDORS

# DB Name Attr Label Type
1 UEN_NAHE Uendar Name LOOKUP
2 ADDR 1 Addr. Line 1 CHAR
3 ADDR_2 Addr. Line 2 CHAR
4 ADDR_3 fAddr. Line 3 CHAR
5 HAIN_PH Phone # - CHAR
6 UBBB_PH 808 # CHAR
7 FAX_PH FRX # CHRAR
B8 CONT_NAHE Contact Mame ALLCAP
3 CONT_TITL Contact Tit!eALLCAP
1AVENBOR _ID Uendor ID CHAR

Database Name..:
Attribute Label:
Datalist Label.:
Datalist Length:

( Add ) (_Shouw List )

L Update ) QShDu Entry )

C belete ) @ove to #) [____j

Q Save ) Q Clear )

{_Save fs... ) Q Cancel >
Data Types: Properties:

O Character , O Index

ORIl Caps ‘:i # Description

O3mal! Int O Handatory

O Integer O Unigque

O Float B Fast Lookup

O Bate

® { ookup :VENDOR
O Sequence
O Hook

Edit Prompt....! Select Uendor from fist... |

Figure 20. Template for

Initial Package Definition
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Several engineers were asked to use the prototype
system to capture technical documents and associated data.
They also attempted to query the prototype database to find
specific products. On the basis of their comments, the
database and screens were modified to include additional
data elements and to rearrange their presentation on the
data entry and data list screens.

The modified tables, VENDORSR and TECHDOCR, are
presented in Figures 21 and 22. The majority of the
changes have to do with the relative importance of the data
in each element. For example, it is generally more
important to have a vendor's telephone number visible on a
data list screen than to have the vendor's address.
Therefore, the main phone number data element was moved
next to the vendor name so that they display close
together. This reduces the need for the user to search the
screen for a data elgment that is frequently used.
Similarly, it is moré important to see the product category
and name, than to see the vendor name, when initially
searching for products. Consequently, the vendor name was
moved down in the TECHDOCR table, allowing the product
category, product name, and capacity to be displayed
simultaneously when a product list is displayed (see Figure
23). Figure 24 is the revised data entry screen for the

documents.
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Def ine Package ' VENDORSR

4 DB Mame Rttr Label Type
1 UEN_NAHE Uendor Name LOOKUP
2 NMAIN_PH Phone # CHAR
3 uBe8_PH 888 Mmbr CHAR
4 CONT_NAHE Uend Catct NaALLCAP
S COMT_TITL Uend Cntct TiALLCAP
6 ADDR_1 Corp Addr 1 CHAR
7 ADDR_2 Corp Addr 2 CHAR
8 ADBDR_3 Corp Addre 3 CHAR
9 FAX_PH FAX Mumber  CHAR
1AINSID_CON Int. Contact CHAR
11VENDOR_ID Uendor ID CHAR

( add ) (_Show List )
( Update ) ( Shou Entry )
( Belete ) (Hnue to #)D
( Save ) ( Clear )

(_save Rs..J (_ cancel )

Data Types:
O Character,
ORIl CGaps
O Small Int
O Integer

Database Nome..:
Attribute Label:
Datalist Label.:
Datalist Length:

OFloat
O Bate
O Text

® Lookup : VENBOR

0O Sequence
O Hook @

L]

Properties:
O Index
W Description
J Handatory
O Unique
B Fast Lookup

Edit Prompt....

! Betect Uendor From list...

Figure 21. Revised VENDORS Template

Define Library : TECHDOCR

# 0B Mame Attr Label Type
1 PROD_CAT Prod. Cat. ALLCAP
2 PROD_NANE Prod. Neme  CHAR
3 CAPACITY Capacity . CHAR
4 PERF Performance CHAR
S RELEASE Release CHAR
6 VEM_NAME Uendor Mame LOOKUP
7 DOC_DATE Doc. Date DATE
8 SCAN_DATE Scanned Date DATE

Database Name..:
Attribute Label:
Datalist Label.:
Datalist Length:

( fAdd ) (_Show List )

( Update ) ( Show Entry )

( Belete ) @uve tao 8) D

( Save ) ( Clear )

( Save Rs... ) ( Cancel )
Data Types: Properties:

O Character , % Index

™ALl Caps ' ® Description

OS8mall Int O Handatory

Q Integer O Unique

O Float O Fast Lookup

O Text —

O Lookup :

O Sequence

O Hook

Edit Prompt...

i Enter Product Category...

Figure 22. Revised TECHDOC Template

115




Library Hanager

[é Test Document Structures
I Revised Tech. Document Library ﬁpen )( Info )

( Close ) (Search)

( Done ) ( SaveJ

Found B item(s)...

Prod. Cat. Prod. Name Capacity

L | I

Figure 23. Revised TECHDOC Data List Screen

lData Entry Hanager : Document-TECHDOCR
Enter Scan Date or FB for Today’s Date
Prod. Cat. bisplag Honitor ] u
Prad. Name HultiMode 128
Capacity 1664 by 128A |
Performance i i
Release HH128-R392-B4 l
Uendor Mame [SIGHA DESIGNS
Doc. Date 6/1,92 |
Scanned Date 3/15,92
Y
WD e

Figure 24. Revised TECHDOC Data Entry Screen
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The revised structures for both tables are available
in Appendix D.

As mentioned earlier, the design of the user interface
takes input from the Document Analysis activity to identify
what constitutes a document and how it is best referenced.
The results of the prototype testing flow directly into the

final database and user interface design.

Summary

Many more tasks must be carried out to implement the
complete Tech Library system. The three activities
presented in this chapter provide a portion of the
foundation for the remainder of the work to be completed.
The activities performed for this case study demonstrate
that the proposed DIS methodology is viable. It is
flexible enough to accommodate unique and complex DIS
attributes. - In addition, the methodology supports the
recursive nature of ﬁany of the activities, such as
prototyping. Output from one activity flows into one or
many others as work progresses, even allowing information
to be shared between activities in parallel spirals.

Three DIS-specific activities are performed in this
case study:
. Document Analysis -- Documents to be stored in the

system are analyzed to determine the features that are

relevant to document capture, storage, and retrieval.
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) Image Capacity Analysis -- Sizing of the image storage
capacity is performed using data about the types of
documents to be stored, the volumes, and the available
image storage and compression options.

. User Interface Design -- Users are involved in testing
the prototype user interface, allowing developers to

adjust the design to accommodate user requirements.

The balance of the system development effort is
performed in the same manner using the proposed DIS
methodology. Based on the experience with the three
activities included in the case study, the methodology

should be effective for the remainder of the activities.
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CHAPTER 7. CONCLUSIONS AND RECOMMENDATIONS

While DISs provide the technology needed to store the
electronic equivalent of a piece of paper, it is unlikely
these systems will totally replace paper until developers
deliver systems that closely fit the needs of the
organization and its staff. The system developer has a
handicap in attempting to do this, however. DISs introduce
requirements which are not critical for other information
systems and the traditional systems development
methodologies do not do an adequate job supporting the DIS
developer. Consequently, the system developer may resort
to using a hodgepodge of methodologies-or no methodology at
all. The proposed DIS methodology in Chapter 5 provides a
starting point for addressing this problem. The case study
in Chapter 6 begins the evaluation process for the DIS

methodology.

Lessons Learned
One of the most important lessons learned from this
thesis project is that it is considerably easier to know
that something is needed and to critique the way things are
currently done than it is to define the solution. Many
papers in the trade literature point out the problems
without offering comprehensive solutions. Perhaps the

complexity of the task should have been intuitively obvious
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based on the number of books and articles written on the
topic of methodologies. In actuality, the task of
developing a methodology was, at times, quite overwhelming.
This thesis provides a framework for additional research
and enhancement of the proposed DIS methodology,
anticipating that it can eventually be considered for

general use.

Benefits and Drawbacks

As it is defined in Chapter 5, the DIS methodology
does provide the flexibility necessary for repeating
activities that cannot be finalized by doing them once.
This is especially important since it 4s difficult for
developers and users to see the full potential for a DIS
prior to its implementation.

The developer also have the ability to make
adjustments in activities, by adding, deleting, or moving
them up or back in tﬂe schedule. This can be done without
breaking or subverting the methodology.

Another strength in the proposed DIS methodology is
that parallel activity spirals can be started. This is
well-suited to the way a DIS is typically implemented.

The proposed DIS methodology also allows the system
developer to draw upon the knowledge of the users and
incorporate their input into the system development

process. The human factors element is critical because
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DISs so dramatically change the way the users do their
jobs.

The methodology allows the document imaging technology
and a prototype system to be introduced to the user very
early in the life cycle via the Technology Training and
Prototype Training activities. By providing this type of
support, the proposed DIS methodology should help to
eliminate the uneasiness expressed in the following quote

from an Air Force decisionmaker (Boehm 1973).

"You software guys are too much like the weavers
in the story about the Emperor and his new
clothes. When I go out to check on a software
development the answers I get sound like, "We're
fantastically busy weaving this magic cloth.
Just wait a while and it'll 'look terrific'."
But there's nothing I can see or touch, no
numbers I can relate to, no way to pick up
signals that things aren't really all that great.
And there are too many people I know who have
come out at the end wearing a bunch of expensive
rags or nothing at all.”

Because a DIS hag such a significant impact on the
organization and the users, the participation of the user
is much more important than for traditional data processing
systems. The proposed methodology provides opportunities
for users to be involved as they define the way they
currently handle assigned tasks and what would help them do
their job better.

A critical look at the proposed methodology shows that

there is at least one aspect that should be addressed more
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fully. There are few methods and tools recommended for the
developer to use in carrying out each of the activities.
System developers would undoubtedly benefit from some
guidance in this area.

Additionally, it is unclear if this type of
methodology will be well received by organizations who bid
on fixed price contracts. The task of estimating work to
be done at a fixed price is formidable for most system
developers. There are so many variables that cannot be
seen up front. Organizations that have historical data
available from previous projects have a distinct advantage.
However, with a flexible methodology, such as the one
proposed in this thesis, the task is likely to be seen as

impossible.

Future Research
One area where additional research should be conducted

involves the types of methods, tools, and documentation
that are appropriate at various stages. The options for
diagrams, specifications, and other supporting documents
are almost completely wide open in the proposed DIS
methodology. However, to make it more practical rather
than theoretical, most system developers would welcome
suggestions of what could be used at various stages.

As a next step in researching this methodology, the

system development process should be followed through to
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the end using the proposed methodology. This research
should also include practical suggestions for the
supporting methods, tools, and documentation that are
useful during each activity.

The case study of the development of the technical
documentation library was well supported by the proposed
methodology. It was, however, a small system when compared
to many DISs being developed by corporations, state
governments, and the federal government. To establish that
the methodology is scalable, it should be used to develop a
large DIS. This, of course, cannot be done until it has

been completely validated on smaller systems.

Summary
After further analysis, it may be found that another
methodology could be adapted to fit many of the needs of
the DIS developer. The proposed DIS methocdology, however,
provides a very adapéable approach to systems development
that is not apparent with the other methodologies examined
in Chapter 2. As a result, it offers a dynamic environment

to support the idiosyncrasies of a DIS.
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DualPage™ 120

Software
Supported

DualPage 120

Specitications

AT-bus Dispiay
Controiter

Micro Channei-bus
Dispiay Controlier

The DualPage 120 comes to you as a complete system—with vigeo
controtier card. dispiay. wideo cable. Software drivers. documentation
techmicat Support and one-year warranty.

0572 and Presentation Manager 1.2 and 1.3 (IBM: AT, PS/2)

APPENDIX B - Sample Technical Documents

Lotus 1-2-3. Symphony (Lotus)

Windows 3.0 and 3.1 (Microsoft) Word 5.0 (Microsott)
such as: P Fonts: Adobe Type Manager (Adobe), Facelitt (Bristream).
Excel (Microsatt), Amu (Samna), Ventura ( Sott Type (Z-Soft)
Veritura Pubiisher (Ventura) Drvers by vendors: Pa [
2-Saft), X: ( S and The Santa
xnoCAD. Am:fk!tcn n(‘:ﬂmesk) Cnz O ) '
ord 1 (Wo ect) For updated informanon regarding addronat drvers,
contact Cornerstone.
Dispizy Size 19° dagonal VLF Low Radiation® Optional
Scraen Araz 13.8° (H) x 10.8° (V) Shisiding: SEMXO MRP 1l
(351 mm x 274 mm) Tilt & Swivel Standard
Antigiare Filter Optionai Height 18.5" (470 mm)
Rezointion 1600 (H) x 1280 (V) pixels ~ Width 18" (457 mm)
Dots Per inch 120 Degth 16.5° (419 mm)
Retfresh Rats 76H2 Waeight
Video Bandwidth 262MHz et 49 {bs (22 kg)
Horizontat Scan Fraquency  105KHz Shipping 62 Ibs (27.8 kg)
Scanaing Non-tnteriaced Defiection 114 degrees
Phosphor Type P-104 Power Requirements 90-250 VAC
Vidso Signai 10 K driterential ECL Powsr Conssmption 110 W maxaimum
Gray Laveis Monochrome, 4-shade OpsratingTempersture 10°40°C
or 16-shade (1,2, 0r 4 Footprint 11.75° (W) x 115" (D)
brt planes) (298 mm x 292 mm)
Overscaming User seiectable Reguiztory Approval - - UL approved. CSA certified,
Contrais Master bnghtness, contrast, . CHHS Ruie-21 CFR
power: {ocated in front Raguistory Approvais FCC Class B, VDE Class B,
Rear Adjustments Honzontal size, horzontal Pending* NEMKO, MRP 11,
center, vertical size, vertical VLF/ELF Shielding
centar, tit
Hosts 18M PC/AT, PS/2 Modei 30,  Address Modes Sottware Seiectabie
or compatibles Windowsd Address Two 16KB windows,
Soard Sizs 8.7 (H)x42° (V) addressed at B0000 or
Vides Bandwidth 262MHz C8000 (jumper setectable)
10 Siot Singie 8 or 16 bit Direct Address Made Contiguous 2MB address
Number of Bit Pianes 1.2 or 4 (monochrome, space, addressed on any
4-snade or 16-shade 2MB boundary abave 1MB
grayscale) (sottware selectabie)
Powsr Reguired 2.3Aat +5V:50mA at-5V.  Video Modes Full Hercules® Graphics
; BOmAat-12v Card (HGC) 1n harcware;
Extended Text Modes . 96 x40, 96 x 80 characters inciudes 720 (H) x 348 (V)
Graphics Memory Windowed or direct monochrome graphics mode
Hostz {BM PS/2 modets 50. 55, Number of Bit Pianes 1.2 or 4 (monochrome,
60. 70. 80. 90. 95 ang 4-shace or 16-shade
equivalent Systems Qrayscale)
Soard S 1.5 (Hx35° (V) Address Modes Selectabie via POS
(292 mm x 83 mm) Emuiation Suppected Al VGA video modes, with
Video Bandwidth 262 Mtz monochrome transiation
{0 Slot Any siot for graphics. or for color modes
video slot for VGA frame Power Required 29Aat45Y,
grabbing 150 mAat-12V
Graphics Mamory Two 16 KB windows Extended Yaxt 160 x 67, 110x 67,
110 x 43 characters
~4th Quarter 1991

ot

ogy Inc. Al omer
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regrsmng
e M DrOverTy 0f thnt respective howders ©1991 Comersione Tacnnogy inc Al QRIS reserved Prinited i the Uniisd Sules of AMenca Soscmcanions are
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IBM PC & PSR

MultiMode 120" 19" display for IBM® PC and PS22° computers

Complete with display, all required cables, and user's guide.

SOFTWARE COMPATIBILITY

Drrver support 1s provided for these applications:
* Attodesk ADI 4.0 Display List Drver  » Microsoft Windows*

AutoCAD Release 19* All Windows apphcanions including:
AutoShade Adobe Ilustrator
AutoSketch Aldus PageMaker
3-D Studio CorelDraw

* Autodesk ADI 4.1 DiglayList Drver 708120 Desidner
AutoCAD Release 11 (P336) Hcrosoft Exce

Microsoft PowerPoint

* DRI GEM Microsoft Protect
Al GEM applicauons Microsoft Word
including ... Ventura Publisher
Artline * o Microsoft Word
e Pl « Ventura Publisher
Graph » VersaCAD

« IBM 072 Presentation Manager= © "\Tererect

o Lotus 123 And many more ...

 Lotus Symphony

UTILITY SOFTWARE

* MultiMode Control Panel Software

Resolution switching and panning under Microsoft Windows 3.x
* Menu-driven installation utility
* Diagnostics utility

DISPLAY

¢ CRT Size
19" flat screen fandscape dispiay
o Display Area
141" x 10.2°
 Horizontal Scan Rate
94.7 kHz
* Video Interface
Analog
* Physical Dimensions
18"H x 19"W x 17°D (hesght inciudes base)
* Phosphor
High efficiency. paper white
» Net Weight
51 1bs / 23 kg (without OCLD. 59 ths / 27 kg twath OCLD
o Vertical Refresh Rate
76 Hz to 116 Hz (76 Hz at 1664 x 1200 resolution}
* input Connector
Male 13W3 tvideo cable attached to display)
 Adjustments
Tilt/swrvel, contrast, brightness. screen rotation. honzontal and
vertical centening
* Electromagnetic Emissions
Meets latest Swedish guidelines for reduced \LF/ELF magnetic
field emussions (MPR1990:8)
With optional anti-glare. anti-static panel. meets all MPR1990:8
ermussions guidelines

DISPLAY CONTROLLER FEATURES
* Multiple Resolutions (on-the-flv switching:
> 1664 x 1200. 4 gray shades* = 832 %600

120 dpi, 76 Hz rerresh 60 dp1. 76 Hz remesh
= 1280 x 960 > 640 x 480

92 dpr, 94 Hz refresh 46 dp1. 94 Hz rerresh
= 1024 x 768 2512x384

72 dpu, 116 Hz refresh 36 dp1. 116 Hz remresh
» All IBM VGA Modes

Displayed as 16 true grayscale equivalents on the MultiMode 120
display or as 236 colors on a secondary VGA display
» On-board VGA chip for 100% VGA hardware compatibility
o High performance 16-bit interface for both VGA & native graphics
© Enhanced text modes (up to 132 x 72 characters)
¢ \'GA video connector for dual display configurations (PC version)
® Hardware screen save {patent pending)

‘OPERATING ENVIRONMENT
« Temperature » Input Power — Display
0) to +40 degrees Celsius 110v Units; 220v Units:
o Altitude 95t0 132VAC 190 to 264 VAC
Sea Level to 10.000 feet iTto63 He {Tto63 Hz
o Humidity 90 Watts 90 Watts
20 to 80% non-condenstng
REGULATORY APPROVAL
» RF1 Emissions
FCC Class B. VDE Class B
© Safety
UL. TUV. and CSA Approval
ORDERING INFORMATION
* Displays .

MMD-00-1912A (110v)
MMD-00-19128B (220v)
MultiMode 120 display (includes all cables)
MMD-00-1S12A (110v)
MMD-00-1512B (220v)
MultiMode 120 display with OCLI anti-glare. anti-static bonded panel
{includes alf cables)
 Display Controllers
MMA-PC-00020
Muit:Mode 120 displav controller for IBM PC
and exact compatible computers
MMA-PS-00020
MultiMode 120 dispiav controller for iBM PS/2 Micro Channel
and exact compatible computers

= —= SIGMA
= = DESIGNS

47900 Bavside Parkway ® Fremont, CA 94538
TEL: {510) 7700100 « FAX: {510) 770-2640
COMPUSERVE: GO DTPVENe BBS: (510) 770-0111 (9600-8-1-N}

. Moty 120 b ]
“4 orow shaes s’ oaloncs 1o Ao AD 1k || end 1Y OS2 Presersatin

rooery of erw oner

MME20-0392-14
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CPU Subsystem Features
-2 10 8 Intel486." 50 MHz
MICTOProcessors
»8 KB internal cache
«Intemal floaung point processor
=128 KB external read cache
«32 KB external wrnite cache
*Dual 64-birt processor to
memory bus
»400 MB/sec total bandwidth
«Up to 512 MB of dual ported.
4-way interleaved RAM with
ECC error detecuon and
correcuon

VO Subsystem Features
«Micro Channel ‘arciutecture -
Extended dual /O buses
«Second bus optional
=80 MB/sec per bus transfer rate
+32-bit bus width per slot
«8 or 16 tree bus slots
*Synchronous SCSI adapter
*5 MB per SCSI channet

SP3s o7

+ 10 total SCSI channels
+28 full height* fixed drive bays
4 full height* removable bavs

*Euch nadl-hetent eav miav be connpued
atn rzeo frair-ncwent or 120 3.5 dnze

Peripherat Devices
«3.5”, 1.44 MB internal flex disk
+Disk Capacity — Internal
- 340 MB o 36 GB
+Disk Capacity — External
-Upto 30 GB
*Tapes - Internal
- 325 MB Quarter inch cartndge
(QIC) tape (1 mnciuded with
svstem
- 1.3 GB 4+ mm DAT tape
»Tapes — External
- 2.5 GB 8Smm tape
- 1/2” reel-to-reel tape
+CD-ROM InvExt
- 600 MB CD-ROM

Optionat I/O Features
+Up to 8 LAN connections,
including 4 Token Ring and
4 Ethernet connections
«LUpio 12 WAN connections
Upto 1024 async TTY
connecuons

System interfaces
+2 RS-232 serial interfaces and
1 parallel printer interface for
svstermn support
+Kevboard and mouse
»Super VGA interface with
1024 x 768 pixel resolution
and color
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Security
+Cabrnet lock
*SVSIEIM Password

*Kevboara password

Specifications

«Phvsical Dimensions
Hewghs: 30 inches
Widtn: 34 inches
Depth: 23 inches
Weight: 800 pounds.

tullv contigured

»Operaung Environment
Operaung Temperature:
5*Cw45°C
(40°F 10 113°F,

«Power Reguirement
Voltage Range:
20010 240 VAC

NCR Corparatin conttimediey wpnss
PRI A€ I ICAHOEORI S Al o Pod It
occome ut anatl NCR Comorgrant, i
FESCHTCN THC FTERT L0 s U ~Poitio Qi b
SLHROUE prIey Ll

Al reatres. e ons ang opcraitons g
HEreni wmay ot pe mdredod o NCGR
Parts of 1 Sooned Cantnie vorr N D
L RN ST NN TN TN T

Inteidisn is g tradvmare o i, ¢ ompear -

Muva Gagnne ¢ oa regntond irademark or JEAL Compenagar

NCR s the

name and mark .

NCR Corporatie

< 1901 NUR Comontior,
Prmtedin the U> A



SPARCstation 10 Series Specifications

Modet

Numboer of processors
SPECint Y2

SPECip 92

SPEC tnroughput 89
MIPs

MFLOPS

On~chip cache
SuperCacne

k) 41 52 54
One One Tuo Four
442 58 1 per CPU
529 714 per CPL
NA N3 100+ 218"
8ol s 2 107.3 per CPU
o N 19.0 per CPU

36KB 30KB 36 KB per CPU
None 1MB 1 MB per CPU

Processor
Archtecture
Memon management

Cache

CPU intertace

Superscalar SPARC Version 8
SPARC reterence MMU with 65.936
contexty

Primarv: 20-KB instruction. and
1h-KHB data on-chsp

Seconaan  1-MB external optiona!
Two O-4-tut MBus siots 1or
multiprocessing

Main Memory

10- and 6-4-MB SIMM expansion

128 MB maxumum twith 16-MB SIMMs:

512 MB maximum (with

63-MB SIMMs,

Monitor Options i cont. }
21-m, color 1280 x 1024 resotuuion. ~6-Hz
retresn rate. 87 gots per inch

1152 x 904 resotution. 76-Hz retresh
rate. B+ gots per incn

19-1n. gravscale

Standard Interfuces
Etherner

SCsi
Seria
Paralle.
Audio

ISDN
SBus

10-Mb- sec rwisted pair standard
(]UBaseT -

AUl avaiiable with opuonal adapter
cabie

10-MB sec SCSI-2 synchronous,
Two RS-232C. RS-423 serial ports
Centromcs-compatible paraliei port
CD-ualin 10-bit audio. 8 to 48 KHz
External speaker box and microphone
Dual basic-rate ¢ 2B + D) intertace
144 Kb sev

Four expansion slots: 32-brt data

bus wadth

Mass Storage
Flopps disk

Internal dish

External desktop storage

3 5-mn. MS-DOS ' IBM* compaubie
(T20KB. 1.2 MB. 1.44 MB
tormatte

Uprtotwa 3 5. disks

1424 MB or | GB rormatted)
Disk: 424 MB3 $in: L3GB

5 25 1n.. +-MB CD-ROM

Tape: 150-MB 2540 QIC 150,
5GB8#mm

Graphics Options.
SPARCstation 10GX

SPARCstauon 10G Xplus

SPARCstation 10GS

SPARCstanon 10GT

&t 2-D 3D wiretrame,
1152 x %W resalution

8-bie 2-D 3-D wirerrame.

1280 x 1024 resoltion.

hargware doubie buttening

24 it 3-D sohids. 1152 2 900
resolution. double buttening, Z-butter
Gouraud snading. depth cueins

24 it 2 D solids, 1280 x 1024
resotuuon double buttering. Z-butter
Gouraud snading. deptn cuesny
LIANSPAreney ANT-ALASINE, OVeriaLs

Monitor Options

100, corr

19-in. cotor

Sun Microsystems

1192 ¢ 9 resolution. "6- or 60-H?
retresh rate, 104 dots per inch

1152 x QU0 resolution. 76- or 66-H,
retresh rate. 8+ dots per inch

1280 x 1024 resolution. 47-Hz retresh
rate, 93 gots per inch {GXpluss

%

Comnuter (.'H'/‘)()I‘(Ifl",‘.’

Kevboard Sun T\'rz 3: AT 101 or UNIX lavout
available
More than I8 international kevpoaras
available

Mouse Qpucal. 3-button

Seftware

Operaune svstem Solaris 1 1 SMCC Version A

‘Wingowing svstem Wingows version

Languages C.C+~. Pascal. FORTRAN

Networlang ;\),\'C. NFS! TCP/IP. SunNet™ OSL.

1HS

Graphucs SunVision® SunPHIGS™ XGL™
SunGKS™ Xlib, PostScrpr*

Envireament

AC power 100-240 VAC. 47-63 Hz. 0.4 K\A

O 0° Cto40°C(32° Fto 104° F!
5% 10 9%% relative humidies,
nonconaensing

Nonoperating -40° C 10 73° C[-40° F1o 167° F)

5% t0 95% relative humidin.
noncondensinx

Operatng acoustic noise 3.1 beis (a1 28° C)

1dle acoustic norse 5.0 beis tat 28° C)

Declared norse emussions in accordance with 150 9296

Regulations

Meets or exceeds the tollowing requirements

Satety UL 1930.CSA 950, TUV EN 60950
RFI/EM} FCC Class B. DOC Class B.VDE
Class B. VCCI Class 2
Xran o DHHS 21. Subchapter J.
N PTB German N-rav Decree

Dimeasions snd Weights
SPARCstation 10 chassis

Heght Toemi3 Om

Width 417 cmi{l6.91n )

Depth 409cmil6 liny

Shipping wereht 12.7 kg (27 Olbs
10-1n. color monitor

Herght 4L6emil6.4m

Widti 40.0cm 6 Uin)y

Deoth 453 cmslT B

Shipping wesght

19-1n. color monttor
Hemeht 47 4cemi8 7in
Width QS()Cm(lS‘)m '
Depth Semitl99in
Snipping weight 38 6kat8501bs 1

194n gravscale momitor
Hewght

27 3ka(60.01bs.y

430emil7. " n)

Widith 460 cmtig)in .

Depth 4lucmilo Tin g

Shipping werzht 277 ket6l Odbs 4
Upgrades

Upnerades are avaslable tor the SPARCstanion 1. SPARCstauon i~
SPARCstatton IPX. SPARCstation 2.2nd Sun-3™ svstems

svstem p e numers No SPEL
throughpur 92 detininion exists at this tme tor muitiprocessing. so SPEC
throughput Y estimates are provided Periormance ieures are generateo
usIng 4 combination ol Apogee compriers mith Kuck & Associates pre-
processor and SunPro™ KAP compilers

2550 Garea Avenue. Mountan View, CA 94043 415 960-1300 Fax 415969-9121

For U S salesormie Australia 02y 41 3 oo

- Beigium =32 n R Hone hone
RIN) B2 e Canada 41647 ¢~4 lah N30 GO9S
1n Caintorn. Fintand ol'»iu\w" ™ Japan 10131322
BOOB21-40 . France 1113067 5010 Korea 822563

Specitications are subret to chanee without RO ¢
£ 1992 Sun M nc Sur. Sun )
and Sunikm are 1

Germany ((h8Ya6 (AR 1
RIZRO2 1%~

Netnerlands 633 $0)234

New Zealand 1041499 23 414
02! Nordic Lountries +a6 1R 623 N1 00

uth PRC 861-K3-950m

Latun America 419 6RB-940+

Singapore 224 338k
Spain 191 355106ub

Eisewhere in tne world
call Corporate Headguariers

Swuzertand (118257111 BN IS RILY]
Taiwan 2 3140507 Intercontmental Saies
UK 0276 20444 419 6BR-O(KX)

the Sun lovo. Solans. Sun0S ONC OrenWindows. DeskSet. ELC.IPC IPX. DVMALNFS. SuniNet. Sunb tsion, Sun"HlGS XbL SunGKS §un N
XS OF registered trademarks o dun Microsvsiems. ine All SPARL tracemarss includine the SCD Lomphant ioeo. are remisiered

Inc SPARLstation and SPARUserver are ncensed cxciusiven 1o Sun Mxcrocvsrems Ine Progucts pearing SPARC. tracemarks are baseq tgon an architecture oeveloned bv Sun vaurm! Inc. UNIX anc

OPEN LOUN are rexstered ot UNIX Svaeern

e MS-DOY 18 4 reqistered traoemark of Microsolt Corp [BM 13 4 reessiered trademark of internaons] Business Machines Lorr

PostSCrin 3 a registened trademark of Adobe Svaterms inc Al othet MOGUCT OF WTVICE TAMES MENOnEd Nerern ans (rademarks of Lhert fesPective Owners. SCreens and imares Lomputer Support Coep

omputers sin. Eann iesource Mappeng. Lid.. Frame Technoloes Corp Lorus Devesopment Corp . Mentor Graphics.
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Initial Database Table Structures

APPENDIX C
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- Revised Database Table Structures

APPENDIX D
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