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1.0 Overview

The field of systems engineering is nearly fifty years old (according to
Steven Brill) but is amazingly, relatively untouched by the world of automation.
Software engineers now have code generators which can produce code at rates
no human programmer could duplicate. There are also CAD tools that engineers
use to decrease their computation time and generate alternate designs. On the
other hand, most systems engineering processes are still done by the “seat of
the pants” approach. This paper will introduce a method to automate some of
the key systems engineering concepts. The Semantic-Neural Method (SNM)
attempts to use semantic knowledge trees in combination with neural networks to
streamline both the requirements and testing phases. Moreover, it provides a
uniform manner for developing evolutionary and repeated systems. Once a
network is trained, it can identify and evaluate how the new changes (i.e. an
upgrade, new version) affect functionality and pre-existing requirements. This
paper will describe this process, dubbed the Semantic-Neural Method, and

introduce the various elements that it is composed of.

2.0 Background

Systems engineering, art or science? This question has plagued this field
for many years with no definitive answer in sight. On one hand, there are those
who say it is art, as there is room for one to use innovation when approaching a
problem. Conversely, there are those who say it is science, as there are many
methodologies to choose from when deciding how to tackle a problem. Although
systems engineering as a science has been the view of this author it has often
been difficult to prove. However with the emergence of the Unified Modeling
Language and the Unified Process, an industry standard has dawned — at least

when it comes to modeling systems. Using Object Oriented Design and Analysis
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as its base, UML has created a model which encompasses the best features of
all of the currently available methods and put it into one package.

There lies only one problem; UML does not account for non-functional
requirements. The often over-looked non-functional requirement has recently
received a lot of attention especially from the University of Toronto. It is here that
in 1993, Dr. Kenneth Chung and his colleagues first introduced the idea for an
object-based method to map non-functional requirements. Once the systems
engineering community got wind of this new concept, there was almost
exponential growth in the number of object-based methods for non-functional
requirements.

Similar to the unification process done for UML (see section 4), there is
now an effort going on to unify these “non-functional” method wars.” In a paper
published by the Association for Computing Machinery (ACM) Dr. Chung teamed
up with Dr. Eric Yu and Dr. John Mylopoulos in writing a piece entitled From
Object Oriented Requirements Analysis to Goal Oriented Requirements Analysis.
This work will be talked about in great detail later on this paper, however it has
formed the basis for a new and exciting notation and approach to requirements
analysis.

Both of the previously mentioned methods strive for a universal notation
and approach for requirements analysis. Taking those two features in tandem, it
makes for an excellent candidate for a computer-automated process. Using
semantic networks, neural networks (or possibly agents) and the common
notations described above, a process can be developed which can make a
system self-sufficient . . . well almost. Depending on the complexity desired in
developing the neural network, the network has the ability to forecast events.
Meaning, trained properly, the network can predict how the system will behave
under changing conditions, whether it be time, a change in reliability (percentage-
wise etc. The power of the neural net is left to the developers. However, even a
simple net provides one extremely important quality — the ability to take the
current system, modify requirements, and generate models and perform

requirements analysis with great speed.
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With the total development cycle of large systems being upwards of ten
years (from initial concept to field readiness), a neural network can grow with the
system and alert developers to potential system flaws, algorithm maximization
ideas, or even warn of maintenance issues. Coupled with the functionality
described above, SNM can really be an asset to companies who develop
evolutionary systems or develop one system which is eventually modified to suit
the customer (i.e. a credit card processing system). The remainder of this paper

will be dedicated to describing this paper this theory in detail.

3.0 Method Wars

As stated before, today there are dozens of like-minded techniques that
support development from requirements analysis to implementation. The
following section will provide a brief timeline of a few of the more prominent

techniques.

3.1 Coad’s Object Oriented Analysis

Taken from Alan Davis’ book Software Requirements: Objects, States,
Functions, Peter Coad’s technique is called: Object-Oriented Analysis (OOA) and
consists of five activities: specifying objects, attributes, structures, services, and
subjects (Davis 61). In specifying objects, Coad advises that one look toward the
real world and look for similar roles that are being acted out, and map those to
objects required for the system. With the choice of objects in place, attributes
and structures for the object are then selected. Attributes express some
important aspect of the object. For example, if the object were a pager, some
attributes would be: display message, change time, erase message. In terms of
structures, they come in two types:. gen-specific and whole part. These help
describe the cardinality between objects. For example, a pager has one number
is an example of a whole pat structure. Whereas a general specific structure
allows you to define one class that captures common attributes ad allow objects

that are members of that class to inherit those attributes and services. Sticking
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with the pager example, pager would be the superclass, and sub-classes,
numeric, alphanumeric, and voice would inherit the general properties of pager
and then have their own attributes to suit their individual functionality.

The object model is the essential part of Coad’s model. By listing all
objects using the prescribed methods above, a developer would have a complete

model layout of the system.

3.2 Jackson’s System Development

In 1983, Michael Jackson came out with an entity based software
development methodology called the Jackson System Development (JSD).
Fundamental to JSD is the construction of a model that mirrors real-world
entities. Meaning, all entities, their relationships, and actions performed/received
by the entities. Jackson defines an entity as: “[something] that must exist in the
real world, outside of the system. Once the entity has been defined, they are
given well-defined roles that allow them to respond predictably to any stimuli.
When all responses have been modeled, the system specification diagram will
show a “cradle to grave” view of the entity. These diagrams prove effective as

they provide a snapshot of all of the functionality encompassed in the system.

3.3 Chen’s Entity-Relationship Model
Peter Chen’s Entity Relationship Model (1976) was designed to show

relationships in large databases. Since then it has gained popularity and is now
being used to model requirements in systems. The basic premise behind ER
diagrams are that they model the logical structure of data *1,69. Using
cardinality and relationships, ER diagrams pictorially give an overview of a

system.
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3.4 Orr’s Structured Requirements Definition

Orr's method, introduced in 1981, calls for defining the application context.

It is a multi-step method which calls for a developer to:

Step 1. Define a user-level data flow diagram

Step 2. Define a combined user-level data flow diagram
Step 3. Define the application level data flow diagram
Step 4. Define the application level functions.

Taken together Orr believes that the inputs and outputs for the final system can

be determined once the above definitions are acquired by the developers.

3.5 Ross’ Structured Analysis and Design Technique

Developed by Doug Ross in the early 1970’s, the Structured Analysis and
Design Technique (SADT) attempts to express a problem in terms of natural
language using a non-ambiguous graphical notation in which natural language is
embedded. The model is composed of a hierarchy of diagrams, with a context
diagram (most general) is drawn first and is the refined into smaller diagrams

with a more specific functionality.

* |n 1979 Tom DeMarco introduced the Structured Analysis and System
Specification (SASS). Many of its features are carry-overs from SADT and for
that reason it will not be spoken about in great detail. His contribution lies in the
procedure that diagrams are laid out in. DeMarco advocates a more piecemeal

approach, where Ross backed an iterative approach
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3.6 Teichroew’s PSL/PSA™

In the early 1970’'s, Dan Teichroew at the University of Michigan
developed The Problem Statement Language/Problem Statement Analyzer as a
completely text language to describe processes, information flow between
processes, and hierarchical decomposition of process and data 1,999 PSL
statements (which must be syntactically correct) can be input into PSA which in
turn stores all the statements into a database. Once stored, commands can e
given to the PSA to generate a wide array of reports such as data dictionaries,

data flow diagrams and analysis reports to name a few.

4.0 A UML Primer

The first item that must be addressed when speaking of UML is that it is
only a notation. UML is not the savior for those looking for a common way to
model systems. Section 5 will deal with the Unified Process which deals with the
modeling process itself. However the power of UML is its flexibility and ability to
be modified to fit almost any size project. As Doug Rosenburg of Software
Development Online notes: “The UML notation is big (maybe too big) and is
flexible enough to accommodate the needs of a very wide range of products
(Rosenburg 1). He continues, “One of the most important things to remember
when learning UML is that you don’t need to use every construct just because it's
there. With the large base UML offers, it can be applied to any domain and yield
successful results. This section will briefly outline UML from its origins to
present.

4.1 Background

Identifiable object-oriented modeling languages began to appear between
the mid-1970s and the late 1980s (see section two for a detailed look at OO

methods) as various methodologies experimented with different approaches to
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object oriented analysis and design. During this time period, the number of
distinguishable modeling languages increased from less than ten to more than
fifty. Some may argue the more options a person/organization has, the better off
they are. However this is not the case. Develops had trouble finding complete
satisfaction in any one method and thus the “method wars” began. By the mid-
1990s, hybrid methods started sprouting up which incorporated the older

techniques, and a few clearly prominent ones emerged.

4.2 Development Effort

One of the best efforts to date in terms of integrating methodologies has been
the Unified Modeling Language (UML) and its subsequent modeling process the
Unified Process. The development of UML began in late 1994, when Grady
Booch and Jim Rumbaugh of Rational Software Corporation began their work on
unifying the Booch and Object Modeling Technique (OMT) methods. Soon after,
Ivar Jacobson (author of the Object-Oriented Software Engineering [OOSE]
method) joined Rational and together they set forth to create a modeling

language for the following three reasons:

1. The existing methods were already evolving toward each other
independently.

2. By unifying semantics and notation, they could bring some stability to the
object-oriented marketplace allowing projects to settle on one mature
modeling language and letting tool builders focus on delivering more useful
features

3. Expected their collaboration would yield improvements in all three (Booch,
OMT, OOSE) earlier methods.

As their unification effort formalized, they set the following four goals to focus

their efforts:
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1. Enable the modeling of systems (and not just software) using object-oriented
concepts

2. Establish an explicit coupling to conceptual as well as executable artifacts

3. Address the issues of scale inherent in complex, mission critical systems

4. Create a modeling language usable by both humans and machines

With the help of corporate partnerships of IBM, Microsoft, Digital Equipment
Corp, Hewlett Packard and others, in 1996 UML 1.0 was released. UML 1.0 was
a modeling language that was well defined, expressive, powerful and generally
applicable. It was submitted to the Object Modeling Group (OMG - the
governing body for Object-Oriented methods) in January of 1997 as an initial
Request for Proposal (RFP). In an attempt to improve the clarity of UML 1.0
semantics and to incorporate contributions from new partners, UML 1.1 was
released an eventually adopted in the fall of 1997.

Since that time, UML has been well received. Deb Meleweski of Platinum
Technology writes: “In many ways, 1998 has become the year of UML.
Organizations have been gathering up for UML implementation, numerous books
on the subject can e found in bookstores, software tools providers have been
incorporating UML support into their products, and UML repositories are working
towards creation. As recently as April of this year, Microsoft announced support
for UML in their Office 2000 application.

Even with software support for UML, there are still companies who do not
model. This lack of progression can impede the success of UML market-wide.
According to Richard Soley, chairman and CEO of the Object Management
Group, one of the first companies to adopt UML in 1997, UML will be embraced
by these companies eventually. He comments: “It may be a lot easier to sit down
and start writing, but the code suffers. Now is the time to take a look at object-
oriented analysis and design. There’s no longer the excuse of there being too
much to look at; everyone should be using it (Melewski 2). With statements like
this coming from industry leaders, it is hard to see how UML will not become a
mainstay in the object-oriented field.
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4.3 UML Today

The UML is non-proprietary and open to all. It addresses the needs of
user and scientific communities as established by experience with the underlying
methods on which it is based. Rational Software, the company that employs the
three main developers of UML (Rumbaugh, Grady, Jacobson) has done an
excellent job of marketing their product and tool developers are rushing to
support UML in their applications. As a result, UML has positioned itself to be
the basis for many tools including those for modeling, simulation and
development environments. But is there more for UML to achieve? It is the
belief of this author that UML can be combined with some of the underlying
themes of semantic networks and goal oriented analysis to create a nearly fully
automated tool. Before this method is reveled, a brief introduction of the Unified

Process is in order.

5.0 Inside the Unified Process

Although the crux of this paper will deal with the automation of UML,
GORA, and the Unified Process, it is important that we complete the triumvirate
of concepts by introducing the Unified Process. As taken for the latest UML book
to hit the market, The Unified Software Development Process: The Unified
Process is balanced [much like UML] because it is the end product of three
decades of development and practical use. Its development as a product follows
a path from the Objectory Process (first released in 1987) via the Rational
Objectory Process (released in 1997) to the Rational Unified Process (released
in 1998) (Jacobson 4).

The Unified Process is Use Case Driven. This makes it conducive to the
semantic modeling approach we wish to employ, as use cases can be the driver
for testing and verification of the inputs we plug into the system. Furthermore, as
use cases mature, the system can ‘learn’ in parallel; therefore programmers
would not have to miss a step. Secondly the Unified Process is Architecture-

Centric, meaning the process cannot begin until the domain for the system has
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been defined. Once the domain has been established, the use cases will then be
modified as they become more mature and this in turn leads to more of the
architecture being discovered and this process continues until the architecture is
deemed stable. This iterative and incremental nature of the Unified Process
lends itself to teaching the network as it can be taught in stages and then
adjusted and tested again (see appendix A for diagram).

As Appendix A shows, once use cases for the system are derived, each
sequential model has a direct dependency from the Use Cases. Therefore, if the
use cases can be captured in a form that is understandable by a computer, it

would provide the backbone for a computer-driven process.

6.0 Introduction to Semantic Networks

Semantic networks (see figure 6.1) are representations of human memory
structures. Current thinking is that these structures are organized semantically
according to meaning that defines the relationships among the ideas in memory.
Semantic networks in memory and the maps that represent them are composed
of nodes (concepts or ideas) that are connected by links (statements are
relationships). They aid learning by requiring learners to analyze the underlying
structure of the ides they are shaping. Their graphical nature allows for easy
understanding and the decreases the ambiguity found in a text-based model.

Although the use of semantic knowledge would be new to systems
engineering, there is a project currently in use by the medical profession
MetaMap Indexing (MMI), which uses this technique. The Semantic Knowledge
Representation project is concerned with reliable and effective management of
the knowledge encoded in natural texts. In the case of a new system, this text
can be a design document such as a Software Requirements Specification or

Interface Requirements Specification (IRS). Once this
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Figure 6.1--Example of Semantic Knowledge Tree

Diagram courtesy of: http://www.conroe.isd.tenet.edu.ed...Pub_htm/DOCS/MINDTOOL/SEMANTIC.HTM
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information is captured via a semantic network, it can be transformed into a

format usable by a neural network.

7.0 Neural Networks

Neural networks are the middle piece of the Neural Semantic Method.
They will process information contained in the neural network and have the ability
to produce system outputs by crunching the information that it is fed. Therefore,
a design team can test feed the network inputs, which simulate a wide array of
conditions, and the network can forecast how the system will operate in each
circumstance. The following section will give an overview of neural networks and

partially describe the role they play in the Neural Semantic Method.

7.1 Introduction to Neural Networks

Neural networks are composed of elements that perform in a manner that
is analogous to the most elementary functions of the biological neuron (it must be
noted that to suggest that a neural network will soon duplicate the functions of
the human brain is still a far-fetched notion at best). Artificial neural networks

contain the following characteristics

1. They can modify their behavior in response to their environment

2. Once trained, a network response can be insensitive to minor variations in
input, meaning they can generalize input.

3. Are capable of abstracting input meaning they have the ability to extract an
ideal from imperfect inputs

Although it is beyond the scope of this paper to describe ‘how’ neural
networks work, it is important to understand how they are developed. By far, the
most interesting part of neural networks is their ability to learn. As described by
Zeidenburg in his book Neural Networks in Artificial Intelligence: “ A neural
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network is a computational model that is a directed graph composed of nodes
and connections between the nodes. Each node’s activation is based on the
activations of the nodes that have connections directed at it (Zeidenburgl5). This
means, similar to how a system responds when various states are present, a
neural network can be trained to respond similarly by programming each node
(which represents an action) to act at certain times. However before these nodes
can operate successfully, they must be trained. Training is accomplished by
sequentially applying input and adjusting the network weights in an attempt to

yield the desirable (predictable) result.

7.2 Usage in Semantic-Neural Method

Using the semantic network as a baseline, a neural network would be set
in place to emulate the processes modeled in the semantic network. As a
precondition to this happening, the semantic model must be complete and
thoroughly examined as once nodes are taught to the system, eliminating one
node can have a ripple effect as it may cause the restructuring of all nodes below
them. Once this is done, training can begin. Neural networks can be trained
two ways: Supervised training or Unsupervised training.

Although most experts argue the implausibility of supervised training
stating: “it is difficult to conceive of a training mechanism in the brain that
compares desired and actual outputs, feeding processed corrections back
through the network (Zeidenburg 23). Setting all criticisms aside, it is the belief
of this author that supervised training is the best approach for this type of system.
Once all of the nodes are programmed, a developer can tweak the network (or
better yet the learning rules of the neural network) to perform as desired. Being
able to come up with a predictable outcome is one of the tenants of systems
engineering and computer programmers are no strangers to tweaking code to

produce desired results.
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7.3 Feasability
There is a population in the systems engineering profession who might

say that employing neural networks in a design process is far-fetched to say the
least. In defense of the method, there are presently mature networks in
existence that make use of neural networks. The Adaptive Resonance Theory
Network by Carpenter and Grossberg and the Functional Link Network by Pao
are two of the more mature networks in existence. These two networks are
sixteen and eleven years old respectively and have received critical acclaim
within the Artificial Intelligence community.

With the confidence that a functional neural network is plausible, the final
piece of the puzzle, Goal Oriented Requirements Analysis (GORA), allows us to

model non-functional requirements.

8.0 Goal Oriented Requirements Analysis

Goal Oriented Requirements Analysis is a process that is the brainchild of
Eric Yu, John Myopoulos and Lawrence Chung, all of the University of Toronto.
Their goal was to come up with a requirements analysis model which can capture
functional (sometimes called behavioral) and non-functional (also referred to as
non-behavioral) requirements in unison. Whereas tradition requirements analysis
techniques offer a way to map objects and their relationships to each other, they
do not have the capability to incorporate non-functional requirements in their
model.

As figure 8.1 shows, there is no room for non-functional requirements in
the typical Object Oriented Design approach. It has been proven however that
omission of non-functional requirements can be detrimental to the success of a
system. Alan Davis states: “Knowing how to specify behavioral requirements for
a software system is only half the battle. All applications, from the most trivial to
the most complex, have additional requirements that define the overall qualities

or attributes to be exhibited by the resulting software system (Davis 307). Even
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if these non-functional requirements are not explicitly defined, it is still up to the
developer to create a design which takes these into account.

Even though most development companies would agree that non-
functional requirements are significant. To date there has been no effort to
model both types of requirements together. In attempt to fill this void, GORA
introduces the concept of the softgoal. The softgoal is the non-functional object
which mirrors the function of an object in the traditional sense — that is one used

for functional requirements (i.e. one having a name, attributes, and operations).

¢
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Figure 8.1—Typical Object-Oriented Design

8.1 Softgoals Defined

Before defining a softgoal, let's deal with the concept of a goal. In an
Artificial Intelligence context, a goal is satisfied when its sub-goals are satisfied.
Therefore, if a goal had five sub-goals, once those five have been achieved, the

goal is also achieved (or satisfied). Softgoals have a slightly different verification

Semantic Neural Method Systems Engineering 512



RYAN 19

method. Softgoals are satisficed. The word satisficed comes from philosopher
Herbert Simon who came up with the words meaning: ” . . .to get a result that is
good enough.”(Mautner 1) His book The Models of Man (published in 1957) is
an excellent reference for more information on this idea.

With this in mind, a softgoal is satisficed as defined by Yu: . . when
there is sufficient positive and little negative evidence for this claim, and that they
are unsatisficeable when there is sufficient negative and little positive evidence

for their satisficeability.(Yu 8) Therefore, if a softgoal had five sub-goals,

iy iy |
H a h mmmmommaeen Juammm=====F ) ---___.r'

i Fliesibse Wark
Patterns

Design o
Terminals Madularity

Accessof | poeace nher | T, “h-""h- +
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Figure 8.2—Softgoal Tree

Legend:

Arch -> denotes an AND relationship between nodes (if arch is not
present, then the relationship is OR). In an AND relationship, the goal (G)
is satisficed when all of G;, G, ... G, are satisficed and there is no
negative evidence against it. Conversely in an OR relationship, the goal
(G) is satisficed when one of G;, G, ... G, are satisficed.

ad -> means sub-goal has been chosen to be accommodated by the

new system
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+(Gy, Gy) -> goal G; contributes positively to the satisficing of goal G,

- (Gy, Gy) -> goal G; contributes negatively to the satisficing of goal G,

O -> softgoal tree which has receives contribution from the
current tree (arrow pointing in opposite direction indicates

softgoal tree exerts contribution to current softgoal tree)

if three of the five sub-softgoals were satisficed (as sub-goals can be satisficed
too), then the main softgoal can then be said to be satisficed. Once softgoals
have been

identified and elaborated, they are then analyzed in relation to one another. The
two types of relationships used are AND and OR. Therefore, a softgoal can
either be satisficed with sub-softgoal A AND sub-softgoal B or with sub-softgoal
A OR sub-softgoal B.

In examining figure X above the softgoal tree for FLEXIBILITY is divided

into two sub-goals which have an OR relationship. Therefore, flexibility can be
satisficed by satisficing the softgoal FLEXIBLE WORK PATTERNS or FUTURE
GROWTH. These two softgoals are further broken into other softgoals.
In addition to those relationships, arrows denote other non-functional
requirements and their relationship to the softgoal tree in question. For example,
SECURITY (in the bottom left corner) exerts a negative contribution on
FLEXIBLE WORK PATTERNS, whereas satisficing the softgoal
MAINTAINABILITY receives a positive contribution from the softgoal SEPARATE
PERFORMANCE STANDARDS.

8.2 Functional Requirements Analysis
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Figure 8.3—Goal-Oriented Analysis Diagram
Legend (also see figure 8.2)
Ellipses -> denote functional requirements
Clouds -> denote non-functional requirements

The great benefit of GORA is its ability to represent both functional and non-
functional requirements in one diagram. The diagram can be read in two
halves with the softgoal tree structure in the lower half and the functional goals
shown on top. There is a multitude of information that can be gathered from
figure 8.3. From this diagram, all requirements can be viewed and presented to
a customer or design team for perusal. Although it would behoove the analysts
to use a traceability matrix or another traditional form to track requirements,
appendix B serve as an excellent overview for a system.

Now that we have elaborated on the various pieces that compose the
Semantic-Neural Method, it is now fitting to describe how they interact to produce
a dynamic way to model a system and assist in all systems engineering activities

from idea conception to retirement.

Semantic Neural Method Systems Engineering 512




RYAN 22

9.0 The Semantic-Neural Method

The semantic-neural method is an attempt to use technology to further
enhance reuse in terms of modeling and systems design. This section will

explain, in detail, how it attempts to achieve this goal.

9.1 Semantic-Neural Method in Theory
Semantic networks are: A brain-like data structure for storing unstructured,

‘common sense’ knowledge by accessing a semantic network correctly, you
should be able to deduce new knowledge not explicitly represented in the original
network. Given the number of things you know your brain must use a parallel
search to deduce stuff, so searching in parallel is used for the computer semantic
network too. This definition is widely accepted for semantic networks. They aid
learning by requiring learners to analyze the underlying structure of the ideas
they are shaping.

For the process to be most effective, the method must be used from the
early stages of the system onward. Preferably at the requirements analysis level,
at the latest. The work put into coming up with a semantic network can be a
direct result of any efforts endured during requirements analysis. The resulting
semantic network will be design independent, while still laying down a knowledge
structure that can be used throughout the project.

Once the semantic network has been completed, a Goal Oriented
Requirements Analysis effort can begin. Vis-a-vis to this, the neural network can
be created. As analysts and developers gain a firm handle on both functional
and non-functional requirements, this can be programmed into the neural
network. There is a definite link between the neural network and the semantic
network as the neural network can be seen as a lower level model of the
semantic network.

Where the semantic network is basically a layout/framework for
representing concepts and ideas and the relationships between the two. The
neural network can perform computational processes on this information when

given an input which will provide a definite (predictable) output.  The task of
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building the neural network, although top-heavy in the requirements analysis and
design phase, is a continuous process. As new information is acquired, it must
be fed into the neural network for analysis. Once this is done, the neural network
will be able to re-evaluate all of the nodes and determine what affect this has on
the overall system, if any.

Upon completion of the preceding two steps, system production will be
able to begin. With the concepts of UML and GORA already fed into the system,
the neural network will be able to generate objects/diagrams that can be
replicated in development. Even the abstract non-functional requirements can be
placed in this environment and accounted for. About the only task the neural
network cannot do is the actual programming involved in developing the product.

9.2 The Semantic-Neural Method — A Pedagogical Approach
The Initial Stage of the Semantic-Neural Method is setting up the

Semantic network. This requires the following seven steps:

Set boundaries for the system domain

Identify important concepts

Create, define and elaborate nodes

Construct links and link concepts

Evaluate the semantic net and if needed go back to step 1

Develop the Neural Network

N o g M wDdPRE

Train the Neural Network

Once the semantic knowledge tree is setup the creation of the neural network

can begin.

9.2.1 Setting the boundary for the system
This step is a pre-cursor for the neural network. Neural networks can only

operate in a pre-defined environment/domain. The developers of the system

must be able to fully describe the areas in which this system is to perform so that
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once the knowledge structure is formed, it can account for all situations. So a
system which monitors the air temperature outside of a high rise building must be
able to operate in all types of weather. Its sensors must be able to understand
the difference of a reading due to excessive frost on its sensor and a reading

when the sensors are clear.

9.2.2 Identify important concepts
This can be thought of as an early crack at requirements analysis. In

attempting to understand the important tasks the system is to handle, developers
can plot these into the knowledge representation (semantic network) and begin

to work with the customer to further define these processes.

9.2.3 Create, define and elaborate nodes
By using partitioning, break the system into functional parts/processes.

These nodes can then be elaborated into lower level function.

9.2.4 Construct links and link concepts
Knowing how objects (nodes) relate to one another is extremely important

when designing a system. If X happens to Object A, how does it affect other
objects? By properly understanding the relationship between concepts, it aids in

the prioritization of tasks and further comprehension of the system.

9.2.5 Create and Evaluate the semantic network
Before moving on to the next step, the semantic network must be

thoroughly analyzed (by more than one person) to make sure that a correct
representation of the system has been established. Even if some concepts are
plotted but not fully elaborated, they must be part of the semantic network before
proceeding. The reason for this is two fold: A. If a node is missing, it is not as
simple as just adding it in to the network. Relationships must be defined, more

than likely adjusting some of the pre-existing nodes. B. If you neglect a major

Semantic Neural Method Systems Engineering 512



RYAN 25

system function and proceed to constructing the neural network, the time that it
would take to backtrack and insert the concept would require far more work than
to verify the network beforehand.

9.2.6 Develop the Neural Network
This step is obviously easier said then done. It takes careful programming

but if the semantic knowledge tree is correct and unambiguous, developing the
neural network becomes easier. Before this step is initiated, all requirements
should be frozen and the neural network that evolves can be assigned a version
number. The process of adding functionality to a neural network is fairly
straightforward, however when it comes to modifying existing functions, the task
becomes more involved. The idea behind building a neural network is to reduce
the amount of time that is spent modeling and testing the system, not to increase
it.

Developing a neural network is an incremental process. Ideally, the initial
neural network will have the latest UML syntax programmed in and also have a
utility for non-functional requirements analysis. Programmers will be able to
hard-code ** requirements into the network based on specific parameters (i.e.
priority, time intensiveness, relationship to other requirements, etc). It must e
noted that these variables will be addressed in neural network nomenclature,
which have the ability to rate attributes and make suggestions based on input.

Once the first iteration of the network is completed, Step 5 should e
revisited, using the most recent version of the SRS. Any changes in the SRS
which take place during iteration should be ignored, unless they change
functionality completely. Once system functionality is stable, Step 7 can be
visited.
** Note: The Neural Network will not have to be built from ground zero. Initially,
the program will ask the user to enter the names of the nodes (and sub-nodes)
and assign quality ratings to each. The ratings assigned will aid in the
construction of the Goal Oriented Object Tree (See Figure 8.3) which can then
be tailored by the user. Developer will also be prompted to enter system objects
which will e used for UML representation of system. The neural network will
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maximize its ability when objects are added or functionality is modified. In this
case, it will be able to update all the data it contains make suggestions on how to

maintain current performance even with the new changes.

9.2.7 Train the Neural Network
At this point, the neural network is complete. It is now up to the developers

maximize its capabilities throughout the system's life.

Programmers who work on the actual system should also do development and
training of the neural network. A rotation between two programmers, who would
work on the network for two weeks and then work on the system for two weeks,

would ensure that there is a definite consistency between the two projects.

9.3 Requirements Analysis
Once the knowledge structure is in place, requirements analysis can

begin. We will use Goal Oriented Requirements Analysis (GORA) for this. As
we enter into this stage, it is assumed that an SOW has already been received
and all requirements have been identified and stored preferably in a
requirements traceability matrix. Now GORA can take place. As objects are
identified (name, attribute, methods) and cardinality is established, they can be
fed into the system. As they are entered in, knowledge from the semantic
network is used to determine how each object plays a role in the overall
functionality of the system. It is important that all requirement ambiguities are
resolved with the customer before being programmed into the neural network.
Even though the neural network is capable of identifying ambiguities between
objects, it cannot resolve heuristics.

Therefore it makes sense logically, it will not be captured y the network
whereas to a human observer might detect the mistake without hesitation. In
Arthur Riel's book Object Oriented Design Heuristics he attempts to offer sixty or

so guidelines for Object-Oriented design and development, which can also be
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applied to requirements. But unfortunately his list of do’'s and don’ts are not

suited for computation by a computer.

9.4 The Maturation Process
Jumping ahead to the implementation, it does not matter how the system

is implemented. What does matter is that up-to-date information is kept in the
semantic and neural networks. Many noted semantic networks experts warn that
it does no good to simply add a fact [node] to the network, in order to see a
change, you must re-evaluate the entire net. This means that as new information
is learned about the system, varying from system performance results to a
modification in an algorithm. Although this task could possibly consume at least
one half full-time man-hours, it the benefits far outweigh the drawbacks.

10.0 The Semantic-Neural Method in Practice

10.1 Developing the Networks: Semantic and Neural

In order to show the SNM in practice, the following hypothetical sub-function
will be modeled. Here is a brief problem statement. Design a system that
calculates the wind chill in a temperature. We will overlook the hardware design
of the system and instead concentrate on the computational features.

1. Setting the boundary for the system

The system will be designed for outdoor use and capable of functioning in
temperatures ranging from —50° Celsius to 50° C. System will be for land use
only and be capable of recording values from 5280 feet below sea level to 5280

feet above sea level.
2. ldentify important concepts

The system will be free standing and be able to monitor how hard wind is

blowing.
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The system will be able to transmit readings to central computer every thirty (30)
minutes

The system must be able to adjust to weather conditions (i.e. rain, snow,
sunshine)

The system will calculate a temperature once a minute, which will be archived as
empirical data.

The system will use the formula provided by the National Weather Service to

determine wind-chill factor.

3. Create, define and elaborate nodes
For simplicity, we will only deal with the root of each nhode. Commonly, nodes will
be elaborated into more specific functionality, hence the term knowledge tree. In
most cases, each node can be thought of as a separate tree with the main tree
(shown in Appendix B).
Node 001 — Wind determination
Inherent to the term “wind-chill temperature” is the measurement of the
wind. This function will measure the wind in knots.
Node 002 — Extraneous weather sensors
When taking a measurement of the air, there are various factors, which
can skew this reading. The unit must determine these factors (such as
shade, rain, frost etc) and adjust temperature readings accordingly.
Node 003 — Transmit information
Measurements will be transmitted to a central computer every thirty (30)
minutes.
Node 004 — Calculate temperature (wind-chill adjusted)
Taking the readings given from Node 001 and Node 002, the wind-chill
temperature will be calculated.
Node 005--Store All data
All readings (each minute) will be archived. This intermediate information
will also be sent to the main computer along with average wind-chill

temperature.
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4. Construct links and concepts

The system has two initial processes: Determine Temperature and Determine
Weather Conditions. The readings from here are sent to a process which
Calculates Wind-chill. Once calculated the temperature is archived by an
Internal Archive and finally sent to the Central Computer, which acts as a monitor

for the entire system.

5. Create and evaluate Semantic Knowledge Network
See Appendix B for semantic knowledge tree. This step is fairly difficult to
quantify. The best way to approach is to conduct a meeting with the

stakeholders of the system and walkthrough the system.

6. Develop the Neural Network

This process takes place as the system is being evolved. In most cases the net

will be complete before the system is developed and ready for testing.

7. Train the Neural Network

This process is outside the scope of the paper. However, training is similar to
debugging code, as a developer must tweak the network to achieve desired
results. As explained earlier, the network can respond to various inputs (or
states) and produce an outcome. The weights given to inputs must be exact so
all results are uniform. Phillip Wasserman’s book: Neural Computing: Theory and
Practice provides excellent insight to this process.

11.0 Benefits of the Semantic-Neural Method

The benefits of the Semantic-Neural Method are maximized by large

systems, which are either evolutionary systems or product line systems. These
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systems best lend themselves to the incremental approach to systems
development as opposed to the one-time development process waterfall or spiral
models provide.

The ability to adopt to change is one of the major features of this model.
As noted in Tried and True Object Development: The need for continuous
development of new features originates from the changes on customer’s
business environment or technology” (Jaaksil86). When these changes occur,
functionality is usually added or enhanced, resulting in an upgraded system.
However the development of the new functionality will be assisted and restricted
by the architecture and components from the previous release(s).

Even though much of the code is present, all too often, the code is not
properly commented or the design is not easily understood. When this occurs,

an upgrade becomes difficult. Jaaksi comments in the aforementioned book:

Creating new functionality over an existing system by reusing the
code of earlier releases and adding to it may sound like an easy
way to make money, especially of the stem has established a
strong market position. Unfortunately, developing an evolutionary
system is not that easy. For one thing, the architecture does not

improve automatically over time. Often it does the opposite. 188

In using the semantic neural method, a developer can reuse as much or as
little of previous work in designing a subsequent system. Moreover, the neural
network can identify inconsistencies on the fly as (once trained) it “knows” how
objects/nodes/function relate to each other.

Secondly, SNM provides a global way to document and model systems. With
the advent of standards within the modeling community, a method, which
incorporates these standards and produces useful diagrams and models that can
be archived is invaluable. Moreover, the neural network can determine how the
system will act under varying conditions. Given an input, the network can predict

the outcome.
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Thirdly, the knowledge representation tree provides a simple pictorial of the
system which can be viewed by stakeholders for evaluation. Also the
subsequent, more detailed diagrams can provide insight into how specific
requirements are satisfied.

Fourth, in terms of reuse, SNM can streamline changes and create new
models on the fly, as opposed to leaving it to the developer to try and figure out
inconsistencies.

Finally, it also serves as a tool to communicate with stakeholders. The
semantic knowledge tree can explain system functionality it terms they are
familiar with. Stakeholders can see how the system will function and make
suggestions that can help solidify requirements.

12.0 Conclusions
Exploring a new process has been a very exciting, yet daunting

experience. The SNM may never see the light of day, but the research and
critical thinking put in to give it some life has been a worthwhile effort. For the
most part, much of the technology already exists to bring this idea into existence.
The extra work comes in creating and training, application-specific neural
networks. The development cost here might be higher than usual, however if a
company is sure of its future (in terms of the type of product it wishes to produce

in the future) the benefits are extraordinary.

In terms of the future, if a narrower scope can be defined, and
possibly a small prototype established, it would pave the way for more
formal attempts to document and market this method.
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Appendix A — Models of the Unified Process

Semantic Neural Method Systems Engineering 512



RYAN 37

Appendix B — Semantic Model of Wind Chill System
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