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Abstract 
Linguistic	Engineering	is	a	rapidly	developing	field	of	research.	A	firm	background	in	
language	technology	and	linguistic	engineering	is	extremely	valuable	in	the	context	of	
manipulating	large	datasets.		A	linguistic	engineer	has	knowledge	of	language	technology	as	
used	in	computer	applications	including	search	engines,	all	uses	of	language	technology	in	
computer	applications,	and	all	of	the	possible	forms	of	applied	linguistics.		The author(s) are 
captivated with the unification and stability modeling of natural language from an engineering 
and computational perspectives, as well as the study of appropriate engineering approaches to 
linguistic questions.	
 	
Natural language is properly considered as “the system of all systems”.  As such, we examine 
every known concept (noun or noun phrase) is a unified and stable pattern that has functional and 
non-functional requirements and ultimate design.   Every concept has one unique responsibility 
and can be uniquely defined by its functional and non-functional requirements as a unified and 
stable pattern.  By employing this unified approach, we postulate that any concept can be defined 
such that the definition is adequate and complete for use in any field of knowledge. 	
 	
We claim that this approach can be employed to provide an intrinsic and complete understanding 
of any concept and the language can be evolved based on knowledge.	
Linguistics engineering is inherently interdisciplinary but most important, it can have a powerful 
impact on every field of human knowledge, such as all of the applications of engineering, science 
and academics, and specifically in the fields of software engineering, computer engineering, 
system engineering, artificial intelligence, law, philosophy, theology, cognitive science, social 
science, psychology, and government, among others. 
	
Linguistics engineering has theoretical and applied components. Theoretical linguistics 
engineering focuses on issues in cognitive science, and applied linguistics engineering focuses on 
the practical understanding, concept modeling to put human language into use in a concise way in 
any field of knowledge. The authors have the vision to generate a common, unified, stable pattern 
language - a knowledge map - of a subject, domain, concepts to be applied in all fields of 
knowledge. Linguistics engineering will lead to the advancement or enhancement of the other 
aspects of the linguistics	
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T
here is little doubt the
field of software engineer-
ing, like all other engi-
neering fields, has helped

make life what it is today. With
software controlling more equip-
ment, software engineering is
becoming an integral part of our
lives. However, unlike many other
engineering fields, the products
produced through software engi-
neering are largely intangible.
Also, unlike the products of other
engineering fields, software prod-
ucts are unlikely to remain stable
over a long period of time.

This column is the first in a
series offering insight into the
central themes of software stabil-
ity. In this series we examine the
unique characteristics of software
that distinguish it from other
engineering fields. We also study
the artifacts of analysis, design,
development, and other factors
that tend to produce stable or
unstable software products. 

In hardware areas, failure rates
of products often start high, drop
low, and then go high again.
Early in a hardware product’s life-
cycle, there are some problems
with the system. As these prob-
lems are fixed, the failure rate

drops. However, as hardware gets
old, physical deterioration causes
it to fail. In other words, the
hardware wears out and the fail-
ure rate rises again.

Software, on the other hand,
is not subject to hardware’s same
wear and tear. There are no envi-
ronmental factors that cause soft-
ware to break. Software is a set of
instructions, or a recipe, for a
piece of hardware to follow.
There are no moving parts in
software; nothing can physically
deteriorate. Software should not
wear out. Unfortunately, it does.
Countless authors in the field of
software engineering have identi-
fied this problem. However, the
software engineering techniques
outlined by many software-engi-
neering authors have not
achieved an adequate amount of
stability in software projects.

This problem is more than just
an inconvenience for software
engineers and users. The reengi-
neering required for these soft-
ware products does not come
without a price. It is common to
hear of reengineering projects
costing hundreds of thousands, to
millions of dollars. This does not
take into account the time wasted

by continual reengineering.
Software defects and deteriora-

tion are caused by changes in
software. Many of these changes
cannot be avoided. They can,
however, be minimized. Cur-
rently, when a change is made to
a software program, most of the
time the entire program is
reengineered. It doesn’t matter if
the change is due to new tech-
nology or a change in clientele.
This reengineering process is
ridiculous. If the core purpose of
the software product has not
changed, why, then, must the
entire project be reengineered to
incorporate a change?

The concepts of “enduring
business themes” (EBTs) and
“business objects” (BOs) have
been introduced as a proposed
solution to this problem. The
idea in this case is to identify
aspects of the environment in
which the software will operate
that will not change and cater
the software to these areas. The
majority of the engineering done
on a software project should be
done to fit the project to those
areas remaining stable. This
yields a stable core design and,
thus, a stable software product.

An Introduction to Software 
Stability
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Studying the design and development that produces stable 
(or unstable) software.
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Changes introduced to the soft-
ware project will then be in the
periphery, since the core was
based on something that remains
and will remain stable. Since
whatever changes that must be
made to the software in the
future will be in this periphery, it
will only be these small external
modules that will be engineered.
And, thus, we avoid the endless
circle of reengineering entire 
software projects for minor
changes [2, 3].

It has been suggested that EBTs
should be modeled and
implemented as func-
tions [1]. This, how-
ever, does not yield
much extra software
stability. When a mod-
ern software system
changes, it is the classes
in the model that
change. Changes in
these classes ripple
through the system,
causing other classes
and relationships to be reengi-
neered. It does not matter if one
function within a class remains
constant; this does not guarantee
changes in a class would not cause
a ripple effect throughout the rest
of the system. Therefore, EBTs
and BOs should be modeled as
objects forming the core of soft-
ware systems, not as functions.

Case Study I—The Loan
Consider the following example:
One year ago, Bob experienced
some financial difficulty. In a
moment of desperation, he asked
his best friend, Eric, for a loan.

Eric lent him $1,000. A year’s
time passed, and Bob did not
repay the loan. Eric would like
the money back.

We proposed this scenario to
several teams in software engi-
neering classes to analyze using
classical problem analysis tech-
niques as well as OMT or UML
notation. Team responses ranged
from “Take Bob to court,” to
“Break Bob’s legs.” All the sug-
gestions were solutions; none had
to do with problem analysis.

The teams identified three

classes in the problem statement:
the borrower (Bob), the lender
(Eric), and the loan. Unfortu-
nately, this is an incorrect analysis
of the problem (see Figure 1). It
does not matter how these classes
are arranged in the object model.
The entirety of the problem can-
not be analyzed and cannot be
accurately modeled using only
these three classes. Using only
these classes, one cannot identify
any differences between this
model and a model of a loan
between a bank and a customer
or a loan shark and his client.

What is missing from this
model? To perform an accurate
analysis of this problem, several
other factors must be taken into
consideration. First, the concept
of friendship must be inserted
into the analysis to distinguish
this problem from other loan
problems.

Using the EBTs of friendship
and finance, this problem
becomes slightly more compli-
cated, but the problem is mod-
eled far more accurately.
Therefore, it becomes far easier

to find a correct solution
to the problem. Since
the solution will be cor-
rect in the beginning,
costly changes to the
software will be avoided.

However, there are
still many factors missing
from this model. There
is more to using EBTs
and BOs than simply
identifying concepts such
as “friendship” and

“finance,” and objects such as
“friend,” and throwing them into
an object model. The use of
EBTs and BOs requires an
entirely new way of thinking.
Model entities must now be
thought of in terms of stability
and conceptuality. This new par-
adigm in software engineering
requires vast changes in our
thinking. This model can no
longer be confused with other
models for loans between differ-
ent entities, but it is still not
thorough enough to fully analyze
the problem and arrive at a stable
solution.

Thinking Objectively 

Lent

Owes Borrowed

Lender

Borrower

Loan

Figure 1.  A flawed classical analysis of 
the loan program.



What else is missing from this
model? Note there is nothing in
the model concerning why Eric
wants the loan paid back. Nor is
there anything in the model doc-
umenting why Bob will not or
cannot pay back the loan. Does
Eric have a pressing
need for the money? Is
Bob capable of repay-
ing the loan? Is Bob
employed? Do Bob’s
current expenses pre-
vent him from repay-
ing the money? In the
past, has Bob demon-
strated he is trustwor-
thy and responsible?

By answering these
questions, one can eas-
ily model the problem
at hand and arrive at
an appropriate solu-
tion. Now a payment
schedule considering
both Eric’s need for
the reconciliation of
the loan and Bob’s
financial situation can
be determined.

Notice this new
object model contains
several objects not explicitly
mentioned in the problem state-
ment. In this model, BOs are
represented as objects with the
“business” stereotype, and EBTs
are represented as objects with
the “enduring” stereotype (see
Figure 2). Take note of the EBTs
and BOs being used in this
model. The EBTs are finance,
friendship, need, and solvency.
Finance and friendship are
required themes since this model

is a loan between friends. The
friendship object contains these
attributes and operations relating
to the friendship between the
two parties involved. 

If it were possible to actually
rate a friendship or give it a com-

putable value, the rating would
be this object’s responsibility. The
finance theme is an aggregate of
the loan and the parties involved,
and has the responsibility of rec-
onciling the loan based on the
borrower’s solvency. Solvency is
calculated based on the borrow-
er’s expenses and employment, of
which are BOs. The borrower’s
solvency combined with the
lender’s need should be used to
create a schedule for repaying the

debt. All of these objects are cate-
gorized as EBTs because they are
intangible themes that remain
both internally and externally
stable throughout the life of the
problem.

There are several BOs identi-
fied in this model. All
BOs are labeled as such
since they are partially
tangible and will remain
externally stable through-
out the life of the prob-
lem. They might,
however, change inter-
nally. For example, take
the family BO. Although
family dynamics may con-
stantly change over time,
to the problem, the bor-
rower’s family is always his
or her family. Family
members may become ill,
get married, get divorced,
pass away, or do other
things that cause internal
family processes to change.
Externally, though, as far
as the problem is con-
cerned, families remain
constant; the family may
cause the borrower to have

certain expenses. How these
expenses are calculated depends
on the current family dynamic. 

The employment BO works
similarly. Employment is the bor-
rower’s source of income. Its
internal processes allow the calcu-
lation of income that factors into
the borrower’s solvency. Changes
in the borrower’s employment
cause the process whereby the
borrower’s income is calculated
and change the internal processes

COMMUNICATIONS OF THE ACM September  2001/Vol. 44, No. 9 97

Figure 2.  A thorough analysis of the loan
problem using EBTs and Business Objects.
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of the employment object. Exter-
nally, however, employment turns
into some form of income,
regardless of whether it is zero or
six figures. This external aspect of
employment—the fact that
income depends on it—remains
constant for the duration of the
problem. Combined, the fact
that the employment object is
externally stable and internally
volatile make the employment
object a BO.

Our research suggests accom-
plishing stability requires far
more thorough analysis than was
thought to be required in prelim-
inary analyses of the problem—
far more than a cursory analysis
of the key entities or roles. These
and other issues will be discussed
in future columns in this series
on software stability. For 
further examination, see case
studies posted at www.cse.
unl.edu/~fayad.
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A descriptive example of the
use of Enduring Business
Themes (EBTs) and Busi-

ness Objects is the typical
kitchen. The concept of a
kitchen depends on a variety of
objects that do not remain con-
stant over time. These objects
can be considered
“Industrial Objects.” 

Our kitchen model
can be thought of as a
tree of aggregations
and generalizations.
Many of the branches
or leaves of the tree can
change and the kitchen
model breaks down. In
this sense, the kitchen
model is not stable
over time.

Similarly, the prob-
lem with software sys-
tems today is that
Industrial Objects like
those found in the kitchen model
(see Figure 1) are frequently
observed to be within the core of
design. Likewise, Industrial
Objects are too often finely inter-
twined within the system imple-
mentation. In such systems,

changes over time usually result in
changes in the Industrial Objects.
The results are unstable designs
and an unstable code base.

If the designer properly consid-
ers those aspects of a kitchen that
do not change over time the
design of our kitchen is radically

different. A proper design centers
on enduring themes and Business
Objects. Enduring themes are
those concepts of the system that
would remain constant over time.
Externally, Business Objects also
remain constant over time, but

may have internal, intangible
processes that change. In the case
of the kitchen, the model centers
on concepts such as lighting, stor-
age and preservation, heating, and
convenience. Objects such as the
range and the refrigerator become
secondary and are replaced easily

as new technologies
become available.

To find the EBTs and
Business Objects for any
model, you must have
enough experience in the
domain of the problem to
decide whether or not a
concept is core to the sys-
tem. Experience working
in an area builds an innate
feel for what is and what is
not enduring. Often, this
is not enough. A profes-
sional chef might be a
good person to consult
when trying to find the

EBTs of a kitchen. A very experi-
enced, professional chef might
say, “I’ve always had pots, pans, a
stove, an oven, a set of cabinets,
and a refrigerator. These must be
enduring themes of the kitchen.”
This chef would be wrong. The

Accomplishing 
Software Stability
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The kitchen proves an ideal setting to illustrate how stability 
and change work together within software. 

Mohamed Fayad

Figure 1.  An unstable classical 
model of a kitchen.
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objects that he or she identified
are, in fact, Industrial Objects—
not EBTs. Despite the fact this
chef  has never been without these
objects, these objects are nowhere
near enduring enough to be con-
sidered EBTs.

To find the EBTs of a kitchen,
one must distance oneself from
the material items thought to be

typical kitchen items. Instead, look
at the “why’s” of these items. Why
does the kitchen have a refrigera-
tor? Why does the kitchen have a
range? Attaching objects to the
answers to these questions yields
the EBTs of a kitchen. 

Although the model of the
kitchen using these EBTs is more
complex than the traditional
kitchen model, it more accurately
represents the essence of a kitchen
and is a more stable model. Those
objects that can change in the
not-so-distant future are moved
toward the periphery of the
kitchen model while the hubs of
the model are replaced with stable
EBTs and Business Objects.

The EBTs of the kitchen not
only include cooking, but livabil-
ity, food storage, convenience,
cleanliness, and cuisine. If any of
these themes are changed or
removed from the model, the
model and the kitchen itself
change dramatically. For example,
if the livability theme is taken out
of the model, the model is no

longer a useful design for a
kitchen in a home, but possibly
for a kitchen in the back of a
restaurant. If the cuisine changes,
it may also be necessary to change
some structural features of the
kitchen. In other words, the
kitchen is only as stable as its
EBT constituents.

The cooking EBTs must be
present, of course, as it is an
aggregate of those tools used
within a kitchen to prepare food.
The cuisine theme represents the
food cooked within a given
kitchen. Of course, it is an aggre-
gate of food and the recipes used
to prepare the food. Food storage
and preservation is an aggregation

of those objects that perform the
cold and dry storage duties of a
kitchen. Livability is the theme
that makes the kitchen part of the
home. Cleanliness is something
that must be maintained within a
kitchen to ensure food does not
become tainted with disease.
Finally, convenience is what
makes the kitchen easy to use and
keeps the cook working in the
kitchen happy.

The two Business Objects in
the model are “light” and
“recipe.” Both are Business
Objects instead of EBTs because
they both contain internal
processes that may change with-
out changing their external rela-
tionship to the problem. Recipes
for given cuisine, for example, can
contain many different processes
that result in the same dish. Light
can be produced in many differ-
ent ways yielding the same, com-
fortable, homey light.

Identification Criteria
Experience points to seven tests as
criteria for distinguishing EBTs,
Business Objects, and Industrial
Objects. While there may be
exceptions, these tests generally
provide a very reliable method for
identification (see the table).

Stability. Probably the most
important criterion for identifying
EBTs and Business Objects is they
must be enduring. Both must be
stable over time. Where they differ
is in how they are stable. EBTs are
completely stable both internally
and externally. They have never
and will never change. All the

Thinking Objectively

 A summary of the identification criteria for enduring
business themes, business objects, and industrial objects.
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EBTs identified in Figure
2 are completely stable.
Kitchens must always
facilitate cooking and
provide a livable environ-
ment. Likewise, friends
must always consider
both their friendship and
their finances when rec-
onciling loans, and ware-
houses must always store
goods in an efficient
manner and serve their
customers if they expect
to stay in business.

Business Objects can
change internally. Exter-
nally, however, they
must remain the same.
The warehouse case
study has a perfect
example of this. In the
warehouse study, the
storage schema is a Busi-
ness Object. Externally,
it must always be a
method of storing goods
in the warehouse. Inter-
nally, however, it is an
aggregate of Industrial
Objects. Any of these
Industrial Objects can
change or be replaced.
As long as the storage schema is
still externally the same, the model
is still valid. Item is another Busi-
ness Object in this model. Inter-
nally, it does not matter if the item
is a bathroom slipper or a tele-
phone directory. Externally, it is a
storable good and that is all that
matters to the system.

Industrial Objects can be
changed at will. If the system is

designed correctly, changing these
objects should not cause changes
to ripple through the entire sys-
tem. For example, in a kitchen,
the range can be replaced with
either a barbecue or a food replica-
tor. As long as it still facilitates the
theme of cooking, the model
remains intact. Do not take this to
the extreme, however. In the ware-
house example, one cannot replace

the loading dock with a
banana and expect this to
work. The Industrial
Objects must continue to
fit with the Business
Objects and EBTs to
which they are attached.

Adaptability. An
object is considered adapt-
able if it can be used in a
system despite changes the
system may go through.
Some objects are adapt-
able without any changes
to the objects themselves.
Others require some
changes to the internal
processes of the objects.
Still others must change
completely.

EBTs cannot change at
all. How they function
internally as well as how
they interact with the sys-
tem externally cannot
change. Therefore, EBTs
are adaptable without
making any changes to the
EBTs themselves. It does
not matter what changes
the system goes through.
The EBTs of that system
remain constant. They

must adapt to the changes without
changing themselves [1–3].

Business Objects can only
change internally. The processes
used inside Business Objects and
the other classes that make up
Business Objects can change.
Everything else about the Business
Object must stay the same. Thus,
Business Objects are adaptable
through internal change.

COMMUNICATIONS OF THE ACM January  2002/Vol. 45, No. 1 113

Figure 2.  A more stable model
of the kitchen problem.
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Finally, all aspects of Industrial
Objects can change. As long as
the Industrial Object is reason-
able, the system should still be
able to work with it. Industrial
Objects do not have to be adapt-
able to change. If a change to a
system warrants the removal or
replacement of an Industrial
Object, that should be fine and
the system model should account
for this possibility.

Essentiality. EBTs and Busi-
ness Objects are both essential
features of any system. For exam-
ple, if one removes the storage
EBT from the warehouse model,
the warehouse is destroyed. A
warehouse cannot function with-
out the theme of storage. Simi-
larly, if the cooking theme is
removed from the kitchen, the
kitchen turns into a room that
can store food. The same thing
would happen if Business Objects
are removed from any of the sys-
tems. If the loan object is
removed from the loan model,
then the model is no longer of a
loan between friends. If the cus-
tomer object is removed from the
warehouse model, then the ware-
house cannot turn a profit and
will go out of business.

The only nonessential objects
are Industrial Objects. For exam-
ple, you can easily remove the
range from the kitchen model. As
long as there is still some facility
to cook food in the kitchen, the

model is still a model of a
kitchen. Aisles and bin combina-
tions may be removed from the
warehouse model and replaced
with some other storage medium.
As long as there is a way to store
things in the warehouse, the ware-
house concept remains intact.

Implicitness/Explicitness. A
common error in systems require-
ments analysis is EBTs are almost
never explicitly defined in the
problem statement. EBTs are fre-
quently left out of all supporting
documentation. For example, there
is no mention in the problem
statement for the warehouse sys-
tem that the warehouse must serve
its customers. The customer ser-
vice theme must come from
knowledge about how a warehouse
works and how it survives. The
customer service theme is implicit. 

Business Objects are sometimes
stated in the problem statement or
supporting documentation, but
with equal frequency, they are not
identified. Again, in the warehouse
example, the customer Business
Object is mentioned and it is
explicitly stated that customer infor-
mation must be stored. However,
there is no mention in the problem
statement of the storage schema
Business Object. Modes of stocking
products change over time, but the
need to model each storage schema
that is used is enduring. This, again,
comes from knowledge of how a
warehouse works and what must be

provided to make a warehouse run
efficiently. Frequently, Business
Objects are left out of the analysis
and design because they are
implied. 

Industrial Objects can almost
always be found by reading the
problem statement or its support-
ing documentation. In the ware-
house case study, all of the
Industrial Objects in the model
were taken directly from the
problem statement. Why is this
the case? Remember the problem
statement states the problem at
hand. Consequently, it must state
things in terms of what is hap-
pening now. It is not usually con-
cerned with stability or change.
Therefore, many of the objects
mentioned in problem statements
will be Industrial Objects.

However, this means the old way
of documenting systems require-
ments must be changed. It is critical
to identify both the EBTs and Busi-
ness Objects early in the analysis of
the problem. In short, it is impor-
tant to define both the implicit and
explicit features of the problem dur-
ing analysis and design.

Intuition. Because EBTs are
almost never explicitly stated in
the problem statement, one must
either have a great deal of experi-
ence in the field in question or
one must read between the lines
of the problem statement. One
must use intuition when finding
EBTs. For example, there is some
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A very experienced, professional chef might say, “I’ve always had pots, 
pans, a stove, an oven, a set of cabinets, and a refrigerator. These must be
enduring themes of the kitchen.” This chef would be wrong.

Thinking Objectively



mention of the movement of
goods in the warehouse problem.
However, there is no explicit state-
ment in the problem stating this
movement is important. Intuition
must be used to determine this.

Business Objects are sometimes
explicitly stated in problem state-
ments. When they are not, how-
ever, one must again use intuition
to find them. The storage schema
and order-filling system objects of
the warehouse model were found
using intuition. The customer and
organization objects are also Busi-
ness Objects, but they are more
commonly addressed and no intu-
ition is required to find them.

Finding Industrial Objects is
often a simple chore of extract-
ing them from documentation.
Since they are often explicitly
stated somewhere, no intuition is
required to find them. If one
simply reads a problem state-
ment and extracts all the nouns
from it, one will find almost all
of the Industrial Objects relevant
to the system. Therefore, it is
common to see objects such as
product, location, and forklift in
the analysis products of a ware-
house system.

Tangibility. Tangibility helps to
verify that EBTs are actually EBTs
and Business Objects are actually
Business Objects. EBTs are themes.
As such, they are almost never tan-
gible items. Themes are very con-
ceptual. Take “livability” from the

kitchen model as an example. This
is not a concrete object. One can-
not even associate a concrete object
with “livability” and capture the
entire essence of livability.

Business Objects are semi-tangi-
ble. This may be difficult to grasp
at first. Take “customer” from the
warehouse case study as an exam-
ple. It is a Business Object. One
can easily associate a human or a
company or some other tangible
item with a customer. 

Finally, Industrial Objects are
almost always concrete. One can
see a range in a kitchen or walk
down an aisle in a warehouse. If an
object in a model represents a con-
crete entity, then it is most likely
an Industrial Object. It does not
take much thought to see why. If
an object in a system represents a
concrete real-world entity and that
entity changes, then that object in
the system must change with it.
Since concrete entities usually
change both internally and exter-
nally, the object in the system can-
not be a Business Object. Therefore,
it must be an Industrial Object.
Commonality to the Domain.
Commonality to the domain
deals with where the object
should go in a system. Both
EBTs and Business Objects are
stable. The rest of the system
should be built around these
things. Therefore, the EBTs and
Business Objects lie at the core of
the system and should be mod-

eled as such. Those things that
can change, the Industrial
Objects, should be moved as far
to the periphery as possible so
that changes in them do not have
a ripple or cascading effect
through the rest of the system.

Classifying artifacts of complex
applications as EBTs, Business
Objects, and Industrial Objects is
a vital technique for systems analy-
sis and design. Applying these
concepts allows software engineers
to change the way we define prob-
lems. Therefore, these concepts
yield an important paradigm shift
in systems engineering—an
approach that specifically targets
software stability.   
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I
n my previous column I
introduced the concepts of
enduring business themes
(EBTs) and business objects

(BOs) as essential artifacts used to
achieve software stability [2, 3].
This third case study compares
and contrasts a classical model
built by an expert in the field of
software engineering, Peter Coad,
and a model of the same prob-
lem based on Enduring Business
Themes and Business Objects.

The project is to create a ware-
house tracking system allowing
goods storage and order filling to
be performed more quickly and
more efficiently. The warehouse is
physically organized into aisles of
bins. Each bin contains items, and
each pair of bins and items has a
line item associated with them for
clerical purposes. Items arrive at
the warehouse on pallets. Since
pallets do not have to contain the
same item, they also have line
items for clerical purposes. When
a customer places an order, that
order and the line items on it are
translated into a pick list and list
line items. The items indicated by
the pick list are finally retrieved
from their appropriate locations in
the warehouse and moved to the

loading dock for shipment. The
tracking application must also
keep track of customer informa-
tion and customer organizations
to better serve repeat customers.

Coad’s model of this problem
[1] has several aggregations and
finely intertwined relationships
between classes. Many of these
classes could be classified as Indus-
trial Objects (IOs). Consequently,
minor changes to this system
could result in major changes to
this model and would require a
reengineering process to fix. Find-
ing EBTs for a warehouse tracking
system is no trivial task. However,
once it is done and if it is done
properly, the resulting model will
be far more stable and robust to
change.

Warehouses are used, of course,
for storing goods. Thus, one of
the obvious EBTs that should be
incorporated into the model
should be goods storage. People
also want their goods stored and
retrieved in a timely manner.
Therefore, the warehouse must be
run and the storage systems must
be structured efficiently. It is easy
to see that efficiency is another
EBT worth consideration. Other
EBTs that immediately come to

mind are shipping, receiving,
order handling, customer service,
and movement of goods.

There are several BOs involved
in a warehouse. Several of them
exist in [1]. First and foremost,
the warehouse itself is a BO. The
goods to be stored are also BOs. It
does not matter to the system
what goods are being stored. To
the system, goods are goods. In
[1], the “Item” class represents
goods, so, for consistency’s sake,
they will remain members of the
“Item” class in the EBT-based
model. Customer, organization,
and order, from [1], are also BOs.
The rest of the objects in his
model, however, are IOs. They
can all be changed completely
without changing the basic
premise of a warehouse.

Although this may not appear
obvious, the EBT-based model is
far more adaptable. Most of the
associations between classes have
been moved to associations
between EBTs and between BOs,
which will never change in such
a way as to affect the system. All
the changes will occur in the
IOs, which have been moved
toward the periphery of the 
system.

How to Deal with Software
Stability
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All that exist are heuristics for determining an EBT, a BO, 
or an industrial object.
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Identification Heuristics
Some heuristics for finding
enduring themes immediately
come to mind. Identification of
EBTs and BOs does not come
easily. Engineers used to classical
methods of object-oriented mod-
eling will have to change their

thought processes drastically to
cope with these new concepts.
These heuristics are designed to
ease this transition in thought.

First and foremost, EBTs and
BOs must be enduring. In other

words, they must be stable over
time. In many cases, determining
whether or not something is
enduring simply takes experience
in a given field. However, most of
the time it takes a little more.
Field experience allows one to
know how long given concepts or

objects have been involved with a
given system. A long history in the
field, however, does not necessarily
translate into longevity in the
future.

Determining whether or not an
object will be enduring takes a
knowledge of the system, a mod-
icum of intuition, and common

sense. It is obvious that a new
process introduced to a system is
less likely to be enduring than a
process that has had a place in the
system for years. However, as evi-
denced by the now infamous “mil-
lennium bug,” not even a
millennium of time can always be
considered enough time for some-
thing to become enduring.

Industrial Object 
Identification
Identifying IOs is easy. Usually,
the objects one designs into a clas-
sical object model are IOs. To
determine whether an object is an
IO, one must simply ask: “Can
this thing be replaced with some-
thing else? Will the system remain
viable if some other object
replaced this one?” If the answer
to either of these questions is
“yes,” then the object is most
likely an IO.

One should also look at the
“tangibility” identification crite-
rion. If the object represents some
physical entity, that object is very
likely to be an IO. If it represents
a piece of machinery, a button, an
input device, or an output system,
it must be replaced any time the
physical entity it represents is
replaced. Thus, it should be con-
sidered an IO and placed toward
the periphery of stable designs.

Top-Down Identification
Once one gets a feel for identify-
ing IOs, identification of BOs
and EBTs becomes far easier.
There are at least two viable
methods for finding BOs and
EBTs. One method is to take a
top-down look at the system.
Start with the whole system.

Thinking Objectively
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Figure 1. A model of a warehouse
tracking system [1].
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Then, start breaking off concep-
tual pieces of the system. “What
is the system used for? What
must it be? Why are we building
this system?” For example, in a
kitchen, the system serves as a
meeting area and a living area
and is used for preparing food.
Warehouses, as another example,
store commodities, serve cus-
tomers, and serve as hubs for the
shipping of goods. Name each of
these subunits and continue to
break them down. Once IOs,
which are easy to identify, are
encountered, stop and back up
one level. This level of “objects”
contains good candidates for BOs
and EBTs.

Bottom-Up Identification
Another method is to start at the
bottom and work upward. Start
by building a classical model of
the problem at hand. Then, find
the IOs in the model. Again, this
should be easy. It is likely most of

the objects in the classical model
will be IOs. Try to group these
objects and find the concepts
covering them. For example, in
the kitchen, one might pair the
refrigerator and the freezer.
“What are the refrigerator and
freezer used for?” one might ask.
Well, they keep things cold, obvi-
ously. “Why keep things cold?”

Food must be stored cold to pre-
serve it. Aha! We have found the
EBT of food preservation. Con-
tinue this grouping and finding
of concepts until it cannot be

continued. The only task remain-
ing is to separate the EBTs from
the BOs.

Note the bottom-up method of
identification will only find those
EBTs and BOs that cover IOs that
already exist in a classical object
model. Many other EBTs and
BOs should probably still be con-
sidered in order to form a com-

plete analysis of the problem at
hand. For example, it is highly
unlikely that a bottom-up identifi-
cation scheme will ever have found
the “livability” EBT of the kitchen
model shown in the case study.

No Silver Bullets
There are no silver bullets. Just as
there are no hard-and-fast rules
for finding EBTs and BOs, there
are no silver-bullet heuristics for
separating the two. There are a
few decent heuristics that can
help, though. One method of
separating EBTs from BOs is to
examine the tangibility of the
theme and object candidates.
Usually, EBTs are themes—they
are conceptual, overlying entities
of a system. BOs, on the other
hand, are far more tangible

As evidenced by the now infamous “millennium
bug,” not even a millennium of time can always be
considered enough time for something to
become enduring.
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objects. They are overlying
processes or methods or step-by-
step instructions. While BOs are
more conceptual than IOs, they
are usually more tangible than
EBTs. Consider, for example, the
recipe that was documented in
the kitchen case study. Recipes
do not change over time even
though the entities used to pre-
pare recipes do. Also consider the
“storage schema” object in the
warehouse case study. In order to

be efficient at storing and retriev-
ing commodities, warehouses
should have some method of
storing goods in an orderly fash-
ion. That method may change,
but there will always be some
efficient method of storing com-
modities. One cannot hear, see,
or feel the recipe contained in a
chef ’s brain. Nor could one pick
up a storage schema. However,
both the storage schema and the
recipe can be translated to some-
thing more tangible than a nebu-
lous theme.

Conclusion
The heuristics for finding EBTs
and BOs that were documented
in this column are merely sugges-
tions. There is no guaranteed
method for determining what is
an EBT, what is a BO, or what is
an IO. All that exist are a series
of heuristics or rules of thumb
that can be used to help in the

process. Nevertheless, EBTs are a
vital analysis artifact. The identi-
fication of EBTs may be one of
the only methods a software
engineer has at his or her dis-
posal that can help design stable
software over time.

Used properly, EBTs and BOs
can create a stable foundation
around which stable software sys-
tems can be built. The identifica-
tion of these stable foundation
entities will require a drastic

change in the way software engi-
neers think about problems. How-
ever, the time and money saved by
engineering more stable systems far
offset the cost of this mental
retraining.

EBTs are those themes that
remain constant for a given sys-
tem. They should be thought of as
those stable objects that should
make up the core of software sys-
tems. BOs are also stable objects
around which to build software
systems, but unlike EBTs, the
internal processes of BOs may
change if the need arises. Exter-
nally, however, BOs are as stable as
EBTs.

Problem analysis using EBTs
and BOs requires far more intu-
ition and knowledge about the
problem domain than more classi-
cal problem analysis techniques.
EBTs and BOs are rarely stated in
problem statements or supporting
documentation. Their identifica-

tion requires an in-depth analysis
of the problem domain and the
business systems the problem is
dealing with. This may require far
more interaction between software
engineers and those people who
will be using the resulting software
system. Finally, the identification
of EBTs and BOs will require
more of a “gut reaction” than most
software engineers are used to rely-
ing on. Again, it will require some
time to complete this mental
retraining.

This is not a silver bullet. The
use of EBTs and BOs is not a
replacement for other good software
engineering practices and common
sense. It is obvious that, when ana-
lyzing problems, concentrating on
those aspects of the problem that
will remain stable will yield a more
stable analysis of the problem. Once
we learn to identify these stable
foundations upon which to build
our solutions, we have made the
first step toward accomplishing soft-
ware stability.
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EBTs are those themes that remain constant for 
a given system. They should be thought of as
those stable objects that should make up the
core of software systems.
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Unlike the products of other
engineering fields, there is
no physical deterioration to

cause software to fail. Most soft-
ware defects and deterioration are
caused by changes in software [2].
Generally, these changes cannot be
avoided. Such changes are often
the result of the natural evolution
of business processes and changes
in the underlying requirements of
software systems to meet these
evolving needs. To achieve soft-
ware stability is to balance the
seemingly contradictory goals of
stability over the software life cycle
with the need for adaptability and
extensibility.

To accomplish this balancing
act, we hypothesize that certain
refinements can be applied to con-
ventional OO analysis and design
techniques. However, such refine-
ments must not overly complicate
our conventional approach. In
software, we view simplicity and
elegance as synonymous. Simplic-
ity is considered an important
characteristic of a good model. To
demonstrate the simplicity and
elegance of the Software Stability
Model (SSM), we apply it to a
study of open-pit mining (The
detailed description of this prob-
lem can be found at ww.cse.unl.

edu/~fayad/SoftwareStability/OO
PSLA01-DesignFest-Final1.doc).

The Study
In an open-pit mine, mechanical
shovels load material from depots
into dump trucks. These trucks
then transport material to various
destinations. Ore is transported to
mineral processing facilities to be
processed and prepared for mar-
ket. Waste is delivered to dumps.

A scheduling or dispatching
system is required to assign the
empty trucks to their proper desti-
nations. This system checks the
status of each truck and shovel. As
soon as a truck is free, it is
assigned to a shovel that will be
free when the truck arrives. If all
the shovels are busy, the dis-
patcher system selects the shovel
with minimum wait time.

A conventional model for this
problem is given in Figure 1. The
model illustrates how the trans-
port system works. Ore is placed
into the ore extraction openings,
and is then transported to a min-
eral processing facility. Similarly,
waste is placed into waste removal
openings and is then transported
to waste dumps. Dump trucks are
assigned to these openings accord-
ing to a schedule. Shovels load ore

and waste into these trucks. 
The project’s business objective

is to maximize the mine’s prof-
itability and satisfy production
quotas. The project will accom-
plish this by optimizing the equip-
ment, personnel, and the overall
efficiency of the mining operation.

We can readily imagine changes
in production techniques or min-
ing conditions that will require
changes to this software model.
Perhaps conveyor belts are used as
the main transportation methods
instead of trucks. In this method,
loaders carry materials from the
depot and dump it into feeders.
The feeder feeds a crusher at a
steady rate and the crusher
reduces the size of rocks to a
proper size for transporting by
conveyor belt. The whole system
must be consistent in terms of
capacity of materials flow. The
loader must handle the required
volume of material over time (for
example, tons/hour.) The feeder
must feed the crusher at the same
rate, and the crusher must deliver
the same amount of material of
the proper size to the conveyor.
Conveyors, in turn, must have the
proper width and speed to trans-
port the material. If any element
of this system fails to maintain thePA
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Stability models may demand greater investment in analysis, but when used
wisely, savings in development and maintenence costs more than make up for it.
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Merging Multiple Conventional
Models in One Stable Model
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required flow rate, material con-
gestion occurs, and the whole sys-
tem fails to achieve its goal of
transporting the designated quota
of material to the destination. 

With the introduction of this
new technique, the conveyer belt,
the old model fails to satisfy the
business requirements. We must
modify it. The new class diagram
might be generated as in Figure
2a. We note that the new model 
doesn’t bear a close resemblance to
our original model, nor would it
satisfy the requirements of our first
open-pit mine.

Other locations may use a
pipeline as the transportation
mode. With this pipeline tech-
nique, material is loaded into feed-
ers by loaders. Each feeder passes
the material to a crusher and then
on to a ball mill. Ball mills reduce
the size of materials and prepare
them for transportation through
pipelines. The milled material is
poured into mixers, where water is
added to make slurry. The pipeline
then carries the material to the
destination.

With conventional models, the
tendency is to remodel (as in Fig-
ure 2b). Again, the result is a sub-
stantial change.

As these examples illustrate,
conventional OO modeling is sub-
ject to instability. Many changes to
the business process most likely to
lead to changes in the previous
models, prompting a reengineer-
ing process. If the previous work is
reused, the tendency is to attach
new objects to the existing model
similar to the way that barnacles

adhere to the hull of a ship. 

The Stability Approach
With the stability approach (see
Figure 3), we first define the pur-
pose of the system and delineate
why the system is needed. 

Although this aspect of analysis
is not unique to the SSM, the
model formalizes the analysis and
focuses the analysis activities
around the concept of Enduring
Business Themes (EBTs). EBTs
are the core abstractions of a prob-
lem domain. These themes are
unlikely to change over time. For
example, one important theme of
the open-pit mining problem is
“efficiency.” The concept of effi-
ciency clearly has a role as an EBT,

because efficiency is part of the
business objective for building the
system. When we derive a sched-
ule for trucks, we are actually try-
ing to make the system work more
efficiently, hence, more profitably.

Another important theme is
“concurrency.” Consider the inter-
action between different compo-
nents of the transport system; they
are assigned to work together
when they are available. Dump
trucks are assigned to shovels
when they are available, and they
only work together when shovels
are available at the same time. In
other words, they have concur-
rency. This concept is also for
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material flow through the con-
veyor belt and pipeline systems. 

All of the components in the
system have to pass a specific
amount of material to the next
component within a specified
amount of time. All of these mate-
rial flows have to be equal in a sys-
tem and all the components of the
system must be available and
working at the same time to be
concurrent. Without this concur-
rency we cannot imagine a trans-
port system; the result is
congestion and failure. Therefore,
concurrency is a very important
measurement and one of the core
purposes of our scheduling system.

After identifying the EBTs asso-
ciated with our problem, we can
identify and associate those busi-
ness objects (BOs) that provide
the necessary abstractions of the
processes underscoring the busi-
ness operations (such as origin,
destination, and transport). The
third step of the SSM is to define
those Industrial Objects (IOs) that
refine (or instantiate) the various
BOs. In this way, our model
exhibits stability over changes. If
we substitute feeders, loaders,
crushers, and conveyors for shov-
els and dump trucks, the core
model is unchanged. It is through
changes to the peripheral objects
that we achieve the balance
between changes and our goal of
stability. Despite the various mod-
ifications to support various

instances of the problem, our
EBTs and BOs remain stable. 

In addition, the model remains
well organized over the course of
many design iterations. Ulti-
mately, we believe this approach
has tremendous benefits for soft-

ware teams. This study shows the
SSM is elegant and extensible.

The layered approach of the
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SSM provides an important tech-
nique for decomposing a problem

space. By adding the focus of iden-
tifying EBTs and BOs, the SSM
forces software engineers to clearly
rationalize the role of each object
described within a problem space. 

Due to their higher level of for-
malism, we believe SSMs are more
measurable and testable than con-
ventional models. EBTs describe
the goal of the system [1, 2]. BOs
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are the plan to reach those goals
and IOs are the objects that per-
form the work to realize the plan
[1, 2]. The sequences and logical
relationships among those objects
are clear. By tracing the objects
top-down, we can test and verify
the use of every class in the dia-
gram systematically. We will
address the issues of measurability
and testability in future columns.

Although the stability approach
requires a high level of discipline
in analysis and a high level of
rigor, this is inevitable in any
approach that tries to reduce
maintenance costs. The three-layer
method for identifying EBTs,
BOs, and IOs is central to the Sta-
bility Approach. System designers
can provide a precise, well-struc-
tured, adaptable, and maintainable
solution for a problem only if they
understand why the objects are
necessary to the problem. 

Conclusion
The common ideas of conven-
tional models try to describe the
problems and solutions using real-
world objects and by providing a
mechanism to guide the subse-
quent programming process.
However, in a stability model, the
EBTs and BOs answer the ques-
tions: “Why do we build this sys-
tem?” and “How does the system
achieve its goal?” Thus, the key to
stability modeling is to identify
aspects of the environment in
which the software will operate
without change, and to cater the
software to these areas [1]. 

In conventional models, engi-
neers often conclude the analysis

when a solution to the problem is
identified. On the other hand, the
stability model more accurately
reflects a designer’s reasoning and
the underlying process used in the
analysis and exposed through
EBTs and BOs. Therefore, we
conclude that stability models are
easier to understand and evaluate. 

While stability models demand
a greater investment in analysis,
our practical experience has shown
that, when used wisely, the savings
in development and maintenance
costs can more than make up for
the additional time spent during
analysis. We also believe the stabil-
ity approach has  potential to
reduce or eliminate the cost of the
reengineering cycles commonplace
in software engineering projects.
We view the software stability
approach as an essential refine-
ment to existing OO analysis and
design processes. Moreover, we do
not note any added complexity in
SSMs. Instead, our study suggests
SSMs are concise, elegant, and
inherently adaptable and 
extensible.  
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