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FOREWORD
ntity modelling, or data modelling as it is sometimes called, may
be used as a passive way of modelling exactly what exists—providing little interpretation or insight as to its meaning. There is a
more active form of modelling, however, commonly found in
mathematics and science, which has a model predict something that was not
previously known or provide for some circumstance that does not yet exist.
Such models are invariably much simpler, easier to understand, and yet deal
with more situations than mirror-image models.
For example, the Ptolemy model of planetary motion was complex but
accurately described the observable motion of the planets, the moon, and the
sun around the earth. The model from Copernicus was simpler but even more
accurate, however, giving us the notion of a solar system with planets in
motion around the sun. This idea later helped astronomers predict the existence of the previously undiscovered planets Neptune and, years later, Pluto.
If we can model in this sense, using simpler and more generic models, we
will find they stand the test of time better, are cheaper to implement and maintain, and often cater to changes in the business not known about initially. For
example, rather than just model the exact organisation structure in our business, we could use a generic organisation model that can accommodate executive change (often just whim!). The generic model should even be able to handle the acquisition of another company or a merger with another department—
without changing the implementation design. It should be possible simply to
declare the new structure to the system.
If used effectively, entity modelling enables a good analyst to talk to users
and systems people in their own language and about the issues with which
they are concerned. On one hand, a model can be used precisely to articulate
the information needs of a business. Used correctly, in discussions with executives and other users, such a model can be used to tease out exceptions that
must be dealt with and can then be used to quickly correct misunderstandings,
without the analyst having to lapse into technical jargon. On the other hand,
the same model can be used in discussions with systems designers to provide
them with rich and rigorous definitions of the data. Such models can show
much of the processing logic that is implied, not described, by the users. These
definitions may be mapped onto relational database designs, with stored procedures and other techniques enforcing the implied processing logic—such as
advanced referential integrity constraints. The generic patterns may also be

e
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mapped onto object-oriented designs. This flexibility makes the technique very
useful when applied by enlightened practitioners.
Part of the benefit of the approach comes from the layout or positional
notation. The notation, described in this book and in my Entity Relationship
Modelling book, was derived many years ago by Harry Ellis and myself when
working on a particularly complex project. We were striving for even greater
accuracy in systems analysis, whilst minimising redundant interactions with
the users. How could we converge even faster on the desired level of completeness, quality, and simplicity? As a lateral thought, we tried drawing the diagrams in different ways and eventually found the one described herein—often
called the "dead crow" notation!
An interesting side effect was that where entities tended to group themselves together on the picture, we often found that they had identical or very
similar attributes and relationships. This raised the question, Are they really
the same object with different names? This focused question enables the modeller to create a simpler model that caters to all the previous concepts already
discovered and suggests new ideas that had not been thought of. (It really surprises users when you ask them about things they had forgotten to tell you.
You can get responses like, "How did you know about that? We only started to
think about that last week!") Later, the resulting implementation is usually
much quicker and cheaper.
Finally, as you read this book, you may realise that the term "analyst"
becomes less and less relevant. It is the concept of "synthesis" that provides
the greatest added value to your business—that is, the creation of a model and
subsequent system that actively delivers what the business needs for its future
success.
In Data Model Patterns, David Hay has pulled together many such useful
models from his experience and that of the friends and experts that he mentions. If analysts use the well-proven modelling approach described in this
book, and then implement the results on relational or object database management systems, they should be able to develop highly business-oriented systems
quickly.
May 1995
Near-Maidenhead
Berkshire
England

Richard Barker
Senior Vice President
Product Division
Open Vision
Pleasanton, California

PREFACE
earning the basics of a modeling technique is not the same as learning how to use and apply it. Data modeling is particularly complex
to learn, because it requires the modeler to gain insights into an
organization's nature that do not come easily. For example, an analyst may be expected to come into an organization and immediately understand subtleties about its structure that may have evaded people who have
worked there for years.
This book is intended to help those analysts who have learned the basics of
data modeling, but who are looking for help in discovering subtleties and in
obtaining the insights required to prepare a good model of a real business.
Moreover, the book is intended to help analysts produce models that are easier
to read, by virtue of standards of diagram structure and organization.
The book is based on the assumption that the underlying structures of
enterprises are similar, or at least that they have similar components. Understanding those similarities gives an analyst a starting model, which can then be
massaged and adjusted as necessary to match the specific circumstances of a
particular company. This is not to say that all companies7 models will look the
same. Quite the opposite is true. In your author's experience, no two organizations' models have been identical. On the other hand, widely differing organizations, from government health protection agencies to oil refineries, have
many similar components.
An analyst who has these components in his intellectual tool kit is in a
good position to grasp quickly what is unique about an enterprise and to draw
a data model that both embodies universal truths and specifically represents
the business at hand.
This book has a second audience as well: As a child of the Sixties, I got into
the business world only reluctantly. Among the problems I faced was understanding just how business works. Even in business school, I was never able to
find an introductory-level course that described how it works as a whole. Each
course analyzed a specific area in detail, but none really provided the overview
I sought. It was only as I saw the patterns expressed in the structure of business information that a business uses, that I began to come to grips with the
issues involved. Perhaps this book can be useful to a similarly disadvantaged
student trying to understand the nature of the business world.

l

D.C.H.

April 1995
Houston, Texas

Davehay@essentialstrategies.com
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THE ENTERPRISE AND ITS WORLD

w

ll start the modeling exercise with some entities that can be
pecified without interviewing anyone. You know that the
will be required, no matter what the business.
An enterprise cannot exist without people. Whether an
employee, a vendor agent, or the president of a company, a PERSON can be
assumed to be a "thing of significance" to most companies. It should be no
surprise, therefore, that the PERSON entity will appear on virtually all data models for all companies. Oh, there may be pressure to name it something different, like EMPLOYEE, CUSTOMER, AGENT, or whatever. But ultimately, the thing of
significance is a PERSON, and as a modeler, you will save a lot of time by simply
putting that entity on the diagram before you start interviewing.
A few of the things to be known about a person, such as "name" or "birth
date," are attributes of the PERSON entity. Others (more than you might suppose) are not actually attributes, but are relationships to other entities, as we
shall see. A person may enroll in one or more courses, for example, or may
play a role in one or more activities. (More examples of these roles will be
shown throughout the book.)
If an enterprise is concerned with people, it must surely also be concerned
with aggregations of people. An ORGANIZATION, then, must also be a thing of
significance to nearly any enterprise. An ORGANIZATION may be a department, a
committee, a vendor, a labor union, or any other collection of people or other
organizations. It is described by such attributes as "purpose," "Federal tax ID,"
and so forth.
Again, save yourself some time. Put ORGANIZATION on your model even
before you start to interview.
PARTIES
People and organizations share many attributes and many relationships to
other entities. A corporation is, after all, a "legal person." Both people and
organizations have "names" and "addresses" as attributes, and both may be
parties to contracts. For this reason, while PERSON and ORGANIZATION are things
of significance, so too is the super-set of the two, which we shall here call PARTY.
This is shown in Figure 3.1.
So, we now have three entities—among the most important entities on our
model—and we haven't spoken to anyone yet!
23
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To get attributes, however, we will have to interview someone. Enterprises
differ greatly in the kinds of information they want to hold about people and
organizations. Even here, though, we can make some educated guesses. For
example, PARTY probably has the common attributes "name" and "address/7
while PERSON has the attribute "birth date/' and ORGANIZATION may have an
attribute such as "purpose/' Now while both PERSON and ORGANIZATION have
"names/' however, PERSON actually has two names (plus a middle name or initial, if you want to get thorough*). This could be handled by moving "name"
to ORGANIZATION and giving PERSON "first name" and "last name." An alternative is shown here, with the principal "name" being equivalent to a person's
surname, and with only the given name specific to PERSON. How this should
be handled in your model depends on the requirements of the organization.

Figure 3.1: Parties.
* In the United States, that is ... most of the time . . . but not counting George
Herbert Walker Bush. Many other cultures use multiple middle names, plus
"de," "von," "van" "la," and the like. If the model describes an organization
operating entirely within the United States, assumptions can be made about
names. If the organization is multinational, these attributes have to be made
more general.
One premise that must be established when generalizing models is the context in which this is to happen.
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While virtually all companies and government agencies have need for the PERSON and ORGANIZATION entities, how these entities are divided into subtypes
will vary from company to company. (At this point, you really do have to
speak to someone.)
Beginning with the PERSON entity, a common practice is to assert that a PERSON may be either an EMPLOYEE or an OTHER PERSON. (See Figure 3.2.) An
EMPLOYEE is usually thought of as a thing of significance to an employer.
From a practical point of view, this can work, especially since employees
often have an extensive set of attributes that don't apply to other people. It
turns out, for example, that "birth date" is probably an attribute of interest only
for an employee, and there are others, such as "social security number," "number of exemptions," and so forth.*
There are problems with defining EMPLOYEE as an entity, however: First, a
person may fall into more than one of these categories. That person may have
worked for a customer as an agent and is now an employee—or vice versa—
but the "agentness" of the person is to be kept. Consultants and other contractual workers are also problematic, since a lot of employee-type information
may be held, even though such people are not, strictly speaking, employees. If
these are significant issues in your organization, then the EMPLOYEE/OTHER PERSON distinction is not appropriate.
This is one example, by the way, of a common trap for the unwary. (We
will encounter others.) What you have in the word "employee" is a common
name for something including in its meaning not just the thing itself, but also
its relationship to something else. A PERSON is a human being with specific characteristics, whether employed by anyone or not. An EMPLOYEE, on the other
hand, is a PERSON who has established a relationship of employment with an
ORGANIZATION. Figure 3.3 shows this relationship: Each PERSON may be currently
employed by one and only one ORGANIZATION, and each ORGANIZATION may be
the employer of one or more PEOPLE.

* Note to readers outside the United States: Federal income taxes are adjusted
according to the number of people in the family. An "exemption" from a certain amount of tax is granted to each member, and additional exemptions are
granted to people in special circumstances. The number of exemptions an
employee declares affects the amount of money withheld from each paycheck
for taxes.
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Figure 3.2: Employees.

Figure 3.3: The Employment Relationship.

Showing it this way, however, raises the question of what to do with the
employment-specific attributes. It is also probably true that over time, a PERSON
may be employed by more than one ORGANIZATION. For these reasons, an additional entity probably will be required to describe the relationship fully. Figure
3.4 shows the addition of the entity EMPLOYMENT, to solve both problems. Note
that each EMPLOYMENT must be of a PERSON with an ORGANIZATION. Each PERSON
may be in one or more EMPLOYMENTS, and each ORGANIZATION may be the source
of one or more EMPLOYMENTS.
Employment attributes such as "number of exemptions'7 go in this entity.
EMPLOYMENT may also have the attribute "type/7 to distinguish between fulltime employees, part-time employees, and contractors. It may be argued that
"birth date" or "social security number" should go there, since they are of
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interest only in the context of employment. In fact, however, these are attributes of PERSON, and should be placed in that entity. If your client can claim never
to want to know the birth date of a nonemployee, you might get away with
making them attributes of EMPLOYMENT—but when the time comes that you do
want to know the birthday of a nonemployee ("I know what I said, but that
was then . . ."), you will appreciate that you did the more philosophically correct thing and made it an attribute of PERSON.*

Figure 3.4: The Employment Entity.

* Of course, by making "social security number" an attribute of PERSON, you
promote the insidiously infectious practice common in the United States of collecting social security numbers for everyone, in all kinds of inappropriate situations. Here, political views on privacy may conflict with those of a modeling
purist.
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Note that there is some ambiguity in this model. The model does not and cannot make explicit an assumption probably made by viewers—that a PERSON will
be in only one EMPLOYMENT at a time. One could assume that the "more than
one" EMPLOYMENTS are a succession of jobs of the PERSON. The model does not
prevent, however, the PERSON from having multiple EMPLOYMENTS at once, possibly even with different ORGANIZATIONS. Constraints to prevent such a situation
are business rules, which would have to be specified outside the model.
EMPLOYEE ASSIGNMENTS
Figure 3.4 shows that each PERSON may be in one or more EMPLOYMENTS with an
ORGANIZATION. A PERSON'S complete relationship to an ORGANIZATION, however,
can be more complex. Figure 3.5 shows this.

Figure 3.5: Positions.
First, the POSITION held by a person is itself something of significance, with
attributes such as "pay grade" and "job description." Typically defined by one
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ORGANIZATION, the POSITION is likely to be held by more than one PERSON, at least
over time, and a PERSON may also reasonably be expected to hold more than
one POSITION over time. Indeed, the PERSON may hold multiple POSITIONS at the
same time. For example, a scholar might progress through the titles of Teaching Assistant, Assistant Professor, and Professor. While holding the last title,
the Professor might become a Department Chairman as well.
All this argues for specification of POSITION ASSIGNMENT (the fact that a PERSON holds the POSITION, for a period of time, beginning with the "start date" and
lasting until the "end date"). That is, each POSITION ASSIGNMENT must be of a
PERSON to a POSITION. Each PERSON, then, may be in one or more POSITION ASSIGNMENTS, each of which must be to a POSITION defined by an ORGANIZATION.
There are many variations on this model. If, for example, POSITIONS are
defined company-wide, and departments use them with different TITLES, the
situation is as shown in Figure 3.6. Each POSITION ASSIGNMENT must be to a
TITLE, not a POSITION. This TITLE, in turn, must be for a POSITION, and the TITLE,
not the POSITION, is defined by an ORGANIZATION, which in this context is a
department.
Most uses of TITLE and POSITION might be expected to be concerned only
with INTERNAL ORGANIZATIONS. The relationship is shown connected to ORGANIZATION, however, because it may be important to keep track of titles and organizational structures in other companies as well.
The POSITION ASSIGNMENT, TITLE, and POSITION entities need not be limited to
formal employment. In companies that use "matrix management" techniques,
where a person plays a role for many different departments, a PERSON may have
a permanent assignment to one department while being seconded to another.*
A second POSITION ASSIGNMENT (of "type" "secondment") for the same person
would then be specified.

* "Seconded" is a British term for "temporarily assigned/7
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Figure 3.6: Titles.

If your organizational situation calls for a more elaborate model, PARTY and
POSITION ASSIGNMENT entities could be related to the EMPLOYMENT entity introduced in Figure 3.4, thereby producing the diagram shown in Figure 3.7. POSITION ASSIGNMENT is now based on the EMPLOYMENT of the PERSON with an ORGANIZATION. Note that this new model allows EMPLOYMENT to be with one organization (such as a company), while a POSITION may be defined by a different ORGANIZATION (such as a department). This representation would allow a PERSON to
have EMPLOYMENT with one company and to have a POSITION defined by an unrelated ORGANIZATION. This includes, for example, the seconding example cited
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above, exhibited in government agencies where employment might be defined
for one agency but the person is temporarily assigned to another.
This also describes a consultant who is employed by a consulting company
but assigned to a POSITION in a client company.

Figure 3.7: Employment (Revisited).

ORGANIZATIONS
As with PERSON, the specific nature of the organization being modeled dictates
the way the entity ORGANIZATION is divided into subtypes. To resolve this,
again, we actually have to interview someone.
A common approach to ORGANIZATION is to divide it into INTERNAL ORGANIZATION and EXTERNAL ORGANIZATION.
An INTERNAL ORGANIZATION could be, for example,
•

a DEPARTMENT,

•

a DIVISION, or

•

Some OTHER INTERNAL ORGANIZATION.
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Figure 3.8 shows this, as well as the world of the EXTERNAL ORGANIZATION,
which could be
•
•
•

a CORPORATION,
a GOVERNMENT AGENCY, or
Some OTHER EXTERNAL ORGANIZATION.

Again, these are just examples, and your model may be different. While it is
not shown here, these subtypes could be broken down further. GOVERNMENT
AGENCY, for example, could be divided into
•
•
•
•

FEDERAL GOVERNMENT AGENCY,
STATE GOVERNMENT AGENCY,
LOCAL GOVERNMENT AGENCY, and
FOREIGN GOVERNMENT AGENCY.

This kind of detail is only necessary in certain situations, however. Professional associations, labor unions, and other agencies may also be added.
Note once again that, when we split out kinds of organizations, attributes
of EXTERNAL ORGANIZATION, such as "purpose," apply to all external organizations, but attributes of each subtype (such as "Federal tax ID" in CORPORATION)
apply only to that subtype.
For purposes of this example, "number of employees" is shown as an
attribute of INTERNAL ORGANIZATION. It is a particularly weak example, however, and you may be able to think of a better attribute that is specific to INTERNAL
ORGANIZATION. It may, for example, be the case that you want to record the
"number of employees" for EXTERNAL ORGANIZATIONS, as well. In fact, for INTERNAL ORGANIZATIONS, this may be a derived attribute, obtained for an occurrence
by simply counting the number of occurrences of EMPLOYMENT that are with that
occurrence.
Note also that this view of INTERNAL and EXTERNAL ORGANIZATIONS, like the
inclination to define EMPLOYEE as a subtype of PERSON, implies a strong orientation toward a world divided between "us" and "them." A subtype FOREIGN
GOVERNMENT AGENCY, for example, suggests that all governments except the one
in our home country is foreign. This is the view taken by many companies, but
the modeler should be aware of its bias. For an international company, governments are governments and each division may have its own definition of what
is "foreign." This would make FOREIGN GOVERNMENT AGENCY a meaningless
entity.
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Figure 3.8: Organizations.
ADDRESSES
PARTIES are usually located somewhere. In its simplest form, the model could
simply include "address" as an attribute of PARTY, as shown in Figure 3.1. (This
would be inherited by both PERSON and ORGANIZATION.) The problem with this
is that organizations at least, and many people too, have more than one
address, such as "shipping address," "billing address," "home address," and so
forth.
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This argues for adding a second entity ADDRESS, as shown in Figure 3.9.
Here, each ADDRESS must be the location of one and only one PARTY. Each PARTY,
in turn, may be at one or more ADDRESSES. Attributes for ADDRESS include the
"text" of the address, plus at least "city/7 "state/' and "postal (ZIP) code."*
Alternatively, ADDRESS might have only the attribute "city, state, and postal
code" as a single string. In either case, ADDRESS should also include as an
attribute address "type," that could be "billing address," "shipping address,"
"home address," and so forth.

Figure 3.9: Addresses—First Try.
So, we have now made ADDRESS a thing of significance. This is not unreasonable, if you think of an office, a home, or a work center. Making ADDRESS a
thing of significance, however, leads to a problem: We have asserted that each
ADDRESS must be the location of one and only one PARTY, but when you think
about it, more than one PERSON or ORGANIZATION can be at the same ADDRESS.

* The context of the model will determine whether this attribute is "ZIP code"
or "postal code/' If the client organization will operate entirely within the
United States for the foreseeable future, the assumption of a nine-digit, twopart numeric "ZIP code" can be made. If not, "ZIP code" must become "postal
code" and no formatting assumptions are possible.
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Indeed, the word "address" is ambiguous: In ordinary conversation, an
address may be associated with a single party ("What's Steve's address?"), but
in other contexts, it can also be associated with multiple parties. ("The Grand
Junction, Colorado, office at 2476 Galley Lane employs twenty people.") We
have not expressed the concept of address as an identified place.
To clarify this, we will rename the ADDRESS entity as SITE. A SITE (such as the
Grand Junction office) is a place with a designated purpose. It is not a geographic location (like the city of Grand Junction, itself); that is simply a location
on a map. A SITE may be an office, a work center in a factory, a warehouse location, or an archaeological dig. The key word in the definition is "purpose."
In this example, we can distinguish between the attribute "purpose"—that
might be "administration," "manufacturing," "storage," and the like—and
"type," which describes the kind of site it is, such as "office," "work center," or
"warehouse location." This distinction represents a purist approach: In some
circumstances, one attribute might cover both the type and the purpose of the
SITE.

Because more than one PERSON or ORGANIZATION may be located at a SITE,
we now need an entity to represent each fact that a PARTY is located at a SITE.
We could call this ADDRESS, and in many companies' models, it is. Because of
the ambiguity described above in the way we use the word "address," however, perhaps it would be better to invent a new word. In Figure 3.10, it is shown
as PLACEMENT. Each PLACEMENT must be of a PARTY at a SITE.

Figure 3.10: Site (Another Way to Show Addresses).
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Attributes of PLACEMENT include the date it happens ("effective date") and the
date it is discontinued ("until date"). PLACEMENTS may also be categorized via
the attribute "type."
To summarize, then, each PARTY may be subject to one or more PLACEMENTS
at a SITE. That SITE determines the PARTY'S "address." That is, a PARTY will have
one "address" for each SITE where it is located.
GEOGRAPHIC LOCATIONS
Such a solution may be adequate for many applications, but often it is of interest to collect addresses by city, county, postal code, or other GEOGRAPHIC LOCATION where the address is located. Each SITE, then, must be in one GEOGRAPHIC
LOCATION—which means that each GEOGRAPHIC LOCATION may be the location of
one or more SITES. (See Figure 3.11.)
The attributes of GEOGRAPHIC LOCATION would of course include its "name,"
and possibly a "geographic location type," such as "state," "country,"
"province," and so forth.
With all this, though, what about our original problem of modeling a mailing address? Unfortunately, the answer is, "It depends."
If GEOGRAPHIC LOCATION simply located the SITE in general terms, the
"address text" and "city, state, and postal code" attributes could remain in SITE.
GEOGRAPHIC LOCATION is itself hierarchical, however, where each GEOGRAPHIC
LOCATION may be part of one and only one other GEOGRAPHIC LOCATION.* Thus,
you may include all the countries, states, provinces, cities, postal codes, neighborhoods, major statistical metropolitan areas (MSMA's), and streets as examples of GEOGRAPHIC LOCATION and then link them together as a hierarchy. Correctly populating the GEOGRAPHIC LOCATION entity would then make redundant
at least the "city, state, and ZIP code" in SITE. A building at "544 East llth
Street, New York, New York 10009," for example, could have as the "address
text" of its SITE "544 East llth Street," and then be shown as being in ZI code
"10009," which is part of "New York" (the city), which is part of "New York"
(the state).
Indeed, carried to extremes, even "East llth Street" could be a GEOGRAPHIC
LOCATION, as could "building 544," which is part of "East llth Street." The only
"address text" required in SITE, then, would be the apartment number that
uniquely identifies the PARTY'S location. (In this case, the PARTY is probably an
ORGANIZATION of "type" "family")
The purest answer, then, in terms of the logic of the model, would be to put
most of the address in successive GEOGRAPHIC LOCATIONS as shown, with only
the most detailed element defined in SITE.

* This kind of relationship is called "recursive." In Hay's First New Dictionary,
the entry for this word is, "recursive—see recursive."
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Figure 3.11: Geographic Location.

If all we ever will want are mailing addresses for invoices and labels, however,
this latter approach is clearly overdoing it. For mailing labels, an address is a
single piece of information. This puts us back to the original model with three
text attributes in ADDRESS or PARTY. ADDRESS could still point to the appropriate
GEOGRAPHIC LOCATION for classification purposes, although it should be understood how this introduces redundancy in the data. (This is not necessarily bad,
as long as the business understands it and takes responsibility for it.)
Note that this deference to practicality is not an example of concern for
more efficient computer processing. It is recognition of the fact that the data
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mean different things to different people. If, to a user community, "address" is
a single attribute, the model should reflect that—as long as that community is
made aware of the possibility that this view could change in the future, and the
implications of that change. If, on the other hand, the user community is interested in using "address" in many different ways, the more complex model
would be more appropriate.
The address data model provides an example of a case in which there is no
right model. The final product must reflect not only the underlying structure of
the data, but also the view of that data held by the organization. Specifically,
we must ask the question, "What are the things of significance to the company
or agency?"
Having asked that, however, we must note that both views may be held in
the same organization: One department only wants mailing labels, while
another wants to do detailed geographic market research. In such a case, the
modeler must go with the more conceptual approach and, when the system is
implemented, provide for the more mundane user needs through application
"views."* The more complex model is truer to the conceptual structure of the
data, and can accommodate all the other perspectives. None of this, by the
way, addresses what the final physical database structure will look like. The
designer must be the final arbiter of what will actually work in the organization's computers.
GEOGRAPHIC LOCATION can also be exploded into considerably more detail.
A large part of the mission of the USDA Forest Service, for example, is to manage land. Thus, it is concerned with all kinds of real estate. The GEOGRAPHIC
LOCATION for the Forest Service can be generalized to mean any kind of LAND
PARCEL. Figure 3.12 shows this. In this view, a LAND PARCEL includes: GEOPOLITICAL LAND PARCELS, such as the STATES, CITIES, and COUNTIES discussed above;
MANAGEMENT AREAS, Such as NATIONAL FORESTS, FOREST SERVICE REGIONS, and

other ADMINISTRATIVE AREAS; SURVEYED LAND PARCELS, described in terms of
TOWNSHIPS, SECTIONS, and so forth; and designated NATURAL AREAS, such as HABITATS and other areas with common natural characteristics. In fact, in the actual
Forest Service model, many of the subtypes are broken down even further.
The hierarchical relationship shown in Figure 3.11, that one GEOGRAPHIC
LOCATION is part of another, has common application throughout the model. We
first saw this pig's ear symbol in Chapter Two, and we will encounter it again
frequently. Note that the hierarchical relationship must be all optional, since if
you said, for example, that "each GEOGRAPHIC LOCATION must be part of one and

* That is, program logic could be implemented so that a particular user is shown
a "view" of a PARTY (or PERSON or ORGANIZATION, as appropriate) table (entity),
with the column (attribute) "address," as though it were derived from the
models in either Figure 3.5 or Figure 3.1. In fact, however, when asked for
"address," the program traverses other tables to retrieve it.
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only one other GEOGRAPHIC LOCATION/' there would be no way to deal with the
GEOGRAPHIC LOCATION at the top. Similarly, to say that each GEOGRAPHIC LOCATION must be composed of one or more GEOGRAPHIC LOCATIONS is to fail to deal
with the bottom of the tree.

Figure 3.12: Land Parcels.

Note also that this relationship contains a business rule assumption that must
be documented somewhere else: There is nothing in the model to prevent a
GEOGRAPHIC LOCATION from being specified as part of itself, either directly or
through a chain (that is, A is part of B, which is part of C, which is part of A).
This is the case when any hierarchy is represented like this.
The idea of GEOGRAPHIC LOCATION itself can get trickier than this, and again,
how it is modeled depends entirely on how sophisticated the company wishes
to be in dealing with geography.
Life is more complicated, for example, in those cases in which geography is
not strictly hierarchical. Cities are usually inside counties, except for New York
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City, for example, which has five counties inside it. Also, in the United States, a
ZIP code is normally entirely within a city, but not always: In Oregon, ZIP
code 97401 encompasses both Coburg and part of Eugene. Eugene also has
several other ZIP codes within it.
In another example, a project dealing with Native Canadians required a
model to deal with the case in which a tribal land covered portions of more
than one province. The land could not be considered inside the province, and
the province was certainly not inside the tribal land.
These examples make it necessary to define an additional entity, GEOGRAPHIC STRUCTURE ELEMENT, each occurrence of which would describe the fact that
part of one GEOGRAPHIC LOCATION is part of another. This is shown in Figure
3.13. Each GEOGRAPHIC LOCATION may be composed of one or more GEOGRAPHIC
STRUCTURE ELEMENTS, each of which must be the presence of one other GEOGRAPHIC LOCATION. Alternatively, each GEOGRAPHIC LOCATION may be a part in one or
more GEOGRAPHIC STRUCTURE ELEMENTS, each of which must be in another GEOGRAPHIC LOCATION.
In the Native-Canadian land case, for example, each occurrence of a tribal
land parcel's existence in a province constitutes one GEOGRAPHIC STRUCTURE ELEMENT. That is, if a tribal land were in Quebec and Ontario, the land's GEOGRAPHIC LOCATION would be composed of two GEOGRAPHIC STRUCTURE ELEMENTS—
one representing the presence of part of the land in Quebec, and one representing the presence of part of it in Ontario.

Figure 3.13: Geographic Structure Elements.

REPORTING RELATIONSHIPS
EMPLOYMENT and POSITION ASSIGNMENTS are examples of relationships that may
exist between PEOPLE and ORGANIZATIONS. There are in fact many others — too
many to be modeled as specifically as this. Consequently, we need a more general approach to relating PEOPLE and ORGANIZATIONS to each other. Such an
approach is presented in this section.
Figures 2.5 and 2.6 of Chapter Two showed the derivation of the ORGANIZATION and its hierarchical structure. Part of Figure 2.6 is reproduced here as Fig-
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ure 3.14, showing that each ORGANIZATION may be composed of one or more
other ORGANIZATIONS.

Figure 3.14: Organizational Structure.
In Chapter One, we ended the discussion of ORGANIZATION when we established that all organizations are fundamentally the same. It is important, however, that we also know how to draw a hierarchy when the top (or bottom) element (in this case, ORGANIZATION) is significantly different from the others.
For example, we might wish to assert that a CORPORATION is fundamentally
different from an OTHER ORGANIZATION. This distinction may be expressed in
either of two ways: The first is shown in Figure 3.15. In this, each OTHER ORGANIZATION must be part of one and only one OTHER ORGANIZATION or it must be
part of a CORPORATION. Note that we can now say each ORGANIZATION must be
part of another ORGANIZATION, since at the top of the hierarchy the other side of
the arc takes effect. For that last step, each ORGANIZATION must be part of a CORPORATION. We still must say "may be" going down the hierarchy ("each OTHER
ORGANIZATION may be composed of one or more OTHER ORGANIZATIONS"), since
there is no defined bottom to it.

Figure 3.15: Top-Heavy Hierarchy—Version 1.

The second way a distinction may be drawn between the top element in a hierarchy and all the others (which is either more elegant or more arcane, depend-
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ing on your taste) is shown in Figure 3.16. In this diagram, each OTHER ORGANIZATION must be part of an ORGANIZATION (which in turn must be either a CORPORATION or an OTHER ORGANIZATION). Going the other way, each ORGANIZATION
(whether it is a CORPORATION or an OTHER ORGANIZATION) may be composed of
only one or more OTHER ORGANIZATIONS.

Figure 3.16: Top-Heavy Hierarchy—Version 2.

All of this is well and good, until you start dealing with a government agency
that, over time, has been part of several different departments and other agencies. It turns out not to be the case that an ORGANIZATION may be part of only one
ORGANIZATION. The pig's ear turns out to represent a many-to-many relationship. This requires us to add an entity describing each occurrence of an ORGANIZATION being part of another. The entity added is another example of a
"structure" entity, like the GEOGRAPHIC STRUCTURE ELEMENT discussed above. In
this case, we have added REPORTING RELATIONSHIP in Figure 3.17. Each REPORTING RELATIONSHIP must be the occurrence of one ORGANIZATION in another ORGANIZATION. That is, each ORGANIZATION may be composed of one or more REPORTING RELATIONSHIPS, each of which is of another ORGANIZATION.*

* As with the hierarchy, we will stipulate outside the model that an ORGANIZATION may not be related to itself. That is, an occurrence of a REPORTING RELATIONSHIP may not be both in and of the same ORGANIZATION.
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Figure 3.17: Reporting Relationships.

Having established REPORTING RELATIONSHIPS between ORGANIZATIONS, we face
another issue. It is possible and often necessary to describe relationships
between PEOPLE as well, and relationships between PEOPLE and ORGANIZATIONS.
We've already seen EMPLOYMENT as one relationship between PEOPLE and
ORGANIZATIONS. Because this relationship is often referred to directly, and
requires special treatment, it was modeled explicitly. This is only one example,
however, of a relationship that can exist between two parties. People are married to each other; people belong to unions and clubs; departments are contained in divisions; and companies band together into industrial associations,
buying groups, and so forth.
For this reason, we have generalized REPORTING RELATIONSHIP in Figure 3.18
to cover any relationship between two PEOPLE or ORGANIZATIONS. We also generalized the relationship names, to say that each REPORTING RELATIONSHIP must be
from one PARTY to another. Conversely, a PARTY may be on one side of one or
more REPORTING RELATIONSHIPS, and a PARTY may also be on the other side of one
or more REPORTING RELATIONSHIPS.
This does not negate the value of also showing EMPLOYMENT as we did
before, but it does allow us to represent any other relationship between two
parties. The most important attributes of this entity are the "effective date" of a
relationship, its "until date," and its reporting relationship "type," such as
"organizational structure," "club membership," "family relationship," and the
like. REPORTING RELATIONSHIP, then, is the fact that one PARTY is related to another at a particular time.
The power of this concept may be seen in many areas. For example, hospitals commonly band together into buying groups to obtain quantity discounts
on purchases of pharmaceuticals and other hospital supplies. A buying
group's blanket purchase order specifies a group discount, and allows each
member hospital to issue a purchase order for items at that group price. To
handle this arrangement, it is a simple matter to define the buying group as an
ORGANIZATION, and identify a blanket purchase order for it, specifying the
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prices. When a participating hospital's purchase order is received, it is necessary only to look up any buying group with which the hospital has established
a REPORTING RELATIONSHIP. Once the contract price negotiated for that group has
been found, it may then be applied to the purchase by the individual hospital.

Figure 3.18: Reporting Relationships Between Parties.

REPORTING RELATIONSHIP allows any relationships among people and organizations to be defined. As mentioned above, the special case of people's relationships with their employers is elaborated in the entities POSITION ASSIGNMENT,
TITLE, and POSITION. These entities will appear in many data models.
ABOUT TYPES
Note, that we have specified reporting relationship "type" as an attribute. Previously, EMPLOYMENT, SITE, GEOGRAPHIC LOCATION, and POSITION ASSIGNMENT also

had "type" attributes. PARTY didn't show a "type" attribute, but it could have.
In each case, presumably there is a finite list of possible values for the attribute.
The "... type" attribute may be handled in one of three ways: If this list is relatively stable, it may be contained in a domain for the type. That is, the list of
values for the attribute is documented in the data dictionary as a relatively
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fixed list. Alternatively, if the list is also comparatively short, each of the "...
types" could be shown as a subtype of REPORTING RELATIONSHIP.
If the list is more dynamic and variable, however, or if there is a reason to
display the fact that such a list exists, it can be shown in the model as a new
entity. This entity can be named REPORTING RELATIONSHIP TYPE, where each
REPORTING RELATIONSHIP must be an example of one and only one REPORTING RELATIONSHIP TYPE, and each REPORTING RELATIONSHIP TYPE may be embodied in one or
more REPORTING RELATIONSHIPS.
In short, it is possible to deal with REPORTING RELATIONSHIP TYPE (or any
other ... TYPE) either as an attribute with a defined domain, as a set of subtypes,
or as a relationship to a ... TYPE entity.
ABOUT POINTS OF VIEW
You will find in this book a bias toward creating the purest models possible,
with an emphasis on describing things in terms abstract enough to encompass
a wide range of circumstances. In the course of this chapter, however, we have
discovered the purest model to be often in conflict with practical issues of
addressing the perspectives of future systems users. (The case of ADDRESS and
mailing lists is a good example.)
In real projects, however, you rarely are called upon to encompass a wide
range of circumstances. Your client or user will have a particular problem to be
addressed quickly and in terms that he or she understands. It may be unavoidable that you have to draw a model in those terms. So be it. The rent must be
paid. Even when this happens, however, it is to your advantage at least to
understand the more abstract model. You may even want to sketch it out on
paper and file it, so you will have an answer if (when?) the client has a change
of mind and a widening of perspective—immediately followed by the demand
for you to deal with it ("I know that's what I said then, but this is now\").
IN SUMMARY
The first anchor for any data model is the entity PARTY, which encompasses the
PEOPLE and ORGANIZATIONS of interest to the enterprise. By convention, we will
put it along the right side of the model, along with such entities as PLACEMENT
at a SITE, which is In a GEOGRAPHIC LOCATION, as well as EMPLOYMENT, which is the
basis for a POSITION ASSIGNMENT to a POSITION. REPORTING RELATIONSHIP will lie
alongside PARTY as well.
The second anchor for any data model is the stuff that the company uses,
makes, and otherwise manipulates. That is the subject of the next chapter.
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~ type Enty. 68, 89-90, 91, 95, 171-72, 236,
246-47
actual asset usage Attr. 76-79, 81
Enty. 76-79, 81, 85, 86, 87, 112, 135-39, 141,
143, 192, 243, 245
actual end date Attr. 69, 72, 73, 81, 82, 183
actual product usage Enty. 113, 115
actual start date Attr. 68-69
actual unit cost Attr. 76, 139
actual... usage 85
address 239-41
Attr. 23, 24, 26, 27, 33-36, 38
Enty. 34-35, 37, 45, 239
alias usage Enty. 103, 104

amount Attr. 124, 130, 139-44
analysis 1-4, 7, 10, 15-16, 19, 22, 50, 163, 205, 235
arc 6, 15, 41, 141, 229
subtype /supertype notation vs. 15
asset 46, 50, 51, 61, 118, 122, 135, 188-90
Enty. 49, 50, 73, 76, 77, 79, 83, 84, 86, 87, 89,
95, 113, 118-22, 132, 135, 138-39, 141-42,
149-50, 157-58, 169-70, 179-81, 187-95,
199, 202, 214-16, 226-27, 235-38, 243-46,
249
~ account 120, 125-33, 135-36, 139-42, 147-50
~ assignment Enty. 149-50
~ category Enty. 50, 108, 110, 237-38
~ class Enty. 249
~ credit Enty. 122-23, 125, 127, 129-30, 13236, 138-44
~ debit Enty. 122-23, 125-27, 132-34, 138-44
physical 46, 50, 51, 85, 100
~ type Enty. 50-67, 72, 76, 80, 83-86, 179, 18186, 95, 100-105, 108-12, 139, 188, 190-91,
194-95, 214-16, 226-36, 246-51, 254
~ type class Enty. 61-65, 247-50
~ type relationship Enty. 230-34, 246
~ usage Enty. 254
~ usage transaction Enty. 138, 139
asset structure element 179
Enty. 190, 209
asset type structure element Attr. 230-31
Enty. 56-61, 71, 77, 78, 84, 181-82, 230, 246-47,
254
Psu. 233-34
attribute 10-11, 13, 16, 22-24, 26-27, 32, 34, 38, 44,
49, 51, 56, 61, 112, 121, 206, 250
Attr. 201, 203-4
Enty. 62, 63, 64, 65, 201, 248-51, 254-56
- assignment Enty. 63, 64, 248-50, 255-56
derived 32, 76, 78, 95, 96, 139, 204

NOTE: Page references to entity names are prefaced by Enty. References to attribute
names are prefaced by Attr. References to pseudo-entities are prefaced by Psu. References to a main entry are indicated by a ~ symbol.
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values of 13, 44
authorship 210-11
Enty. 211, 213, 251-52
balance Attr. 121ff., 129, 131, 138-40, 142-44
bank example 66, 250
bicycle example 174-86
bill of materials 57, 78, 175-76, 178, 181
birth date Attr. 23-27
bookkeeping 117, 118-48
budget 155-56
business rules 20-22, 28, 39, 57, 78, 90, 103, 107,
112, 125, 163, 166, 213, 222, 225, 230,
232-33, 248
buying groups 43-44
calculated values 183
capacity Attr. 62-65, 191-93
cardinality 4, 14
CASE*Method 11-17,22
case report form (CRF) 221-23, 225
cash 118, 135
Psu. 125, 127, 129, 130, 131-34, 139
transactions 128
catalogue item Enty. 11-14, 100, 102, 111
category 61,235-39
Enty. 237
charge rate Attr. 76, 84, 86, 139-40
chemical industry 19, 49, 51, 55, 57, 87, 103, 187
classification Enty. 48-49, 237, 246
clinical research 19, 218-25, 233, 251
communication 1, 3, 4, 10
company 25, 43, 45, 129, 145
Enty. 19, 20
component requirements 175-77
computer scheduling 173, 178-79
concept Enty. 49
condition Attr. 208
Enty. 158-59, 194-95, 197
~ type Enty. 158-59
constant Attr. 161-63
constituent Enty. 190-93
constraints 21, 22, 28, 243
requirement vs. 243
consultant 25, 31
consumption of resources 68, 72-79, 243
content Attr. 206-7
contents 213-17
continuous process plants 87, 187-204, 193
contract 95-116, 235
Enty. 95-102, 104-13, 156, 167, 181, 183
~ delivery Enty. 111-13, 115
~ number Attr. 96, 98
~ role Enty. 106, 107

conventions 4, 5, 8, 10, 235-58
lower-level 235-58
positional 5, 8, 10, 16-18, 45, 66
semantic 5, 8, 10, 18-22
syntactic 4-5, 8, 10-16, 18
of thought 4, 5, 19, 22
copy Enty. 206-8, 210, 212-13, 226-27
corporation Enty. 32-33
cost Attr. 75-78, 84, 86, 139, 140
~ center Enty. 150-51
as derived attribute 75-76
cost of goods sold 143-44
Psu. 143-44
credit Enty. 121-23, 132-33, 140-44
crow's foot 10, 16, 18
customer 97, 103, 105, 113, 124-25
Enty. 11, 23, 50, 98
data 1, 6, 12, 37-38, 65, 68, 249
access paths 219
in blocks 222
clinical 218-19, 233, 251
meta-model and 65
process plant 197, 199
structure 6, 205, 213, 218
summaries of 117-18
database 1, 3, 6, 54, 65, 199, 206
data dictionary 13, 44-45
data flow diagrams 10, 94
data model 1-3, 6-8, 10, 13, 16, 38, 45, 90,, 94, 98,
108, 173, 183
documents and 205
entity /relationship model vs. 1
indexing 216
mathematical expressions in 252-54
orderly 18
problems with 2-3, 19, 119, 124
universal 254-56
views 38,45,96-97,118
data modeling Iff, 7, lOff., 50, 54, 61, 117, 173
notation 10-16, 125
date Attr. 123-24, 155, 159-60, 164-65, 183-86,
192-93, 219-21
debit Enty. 121-23, 133, 140-44
delivery Enty. 89
~ cost Attr. 84, 86, 141-43
of products and services 111-12
demand 174-78, 183, 185
department 23, 43
Enty. 19-21, 31
depreciation 135-36, 153
derived observation 161-63
Enty. 161-65, 167-68, 197, 252-54
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derived variable Enty. 161-62, 197, 203, 252-54
description Attr. 13, 48, 49, 68, 69, 121, 123-24,
164-65, 182
design 1-2, 7, 11, 38
- dependence Enty. 90-91, 246-47
discrete 187
batches 87, 186
~ item Enty. 51-54, 59-60, 73, 76, 79-80, 8386, 92-93, 111, 138-39, 141-42, 179, 181,
185-86, 188-90
distribution Enty. 212-13
standard ~ Enty. 212-13
division Enty. 19-21, 31
document 9, 72, 205-35
Enty. 206-18, 226, 236, 252
dual nature of 206
indexing 213
patterns in 233
receipt of 211-13
structure 208-10
~ structure element Enty. 209-10
as thing of significance 205, 216
~ type Enty. 207-10, 212-16, 236
~ type structure element Enty. 209-10
variable format 218-34
documentation 205
of attribute values 44
of bookkeeping 117
of business rules 21, 90, 107
model as 7
domain 44-45, 255
effective date Attr. 35-37, 43-44, 48-49, 56-57
electrical connection Attr. 230
Enty. 58-59
electronic mail system example 211
emission Enty. 92-93
employee 23
Enty. 23, 25-26
employee assignments Enty. 28-31
employment Enty. 26-27, 30-32, 40, 43-45, 108
end date Attr. 28-29, 74, 106-7
end time Attr. 192-93
enterprise Iff., 8, 13, 23-45, 46-67
things of the 46-67
entity 1, 4-6, 8-13, 15, 22-23, 32, 38, 42, 45, 98
Attr. 201, 203-4
as attribute 65,201
consolidation of 17
functions vs. 68
heterogeneous 61-65
intersect 71, 171, 251-52
names 8, 12, 35, 45, 50, 103
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occurrence of 12-13, 15, 32, 42, 47, 49-51, 56,
61,76
pseudo- 125,233
structural 42, 56, 61, 71, 153, 246, 254
as thing of significance 46
unique identifier vs. 16
entity /relationship model See data model.
equipment 49, 118
~ cost Attr. 84, 86
~ usage Enty. 84-87, 135, 169, 171-72
equity 118-19
Enty. 122
~ account Enty. 119-21, 129-31, 135-36, 144
~ credit Enty. 122-23, 125-26, 143-44
~ debit Enty. 122-23, 129-30, 135-36, 143-44
owner's ~ Psu. 129, 131
estimated completion date Attr. 91
expected duration Attr. 68-69
expected end date Attr. 72-73, 183
expected measurement Enty. 16-18
expected observation Enty. 163-65, 250
expected start date Attr. 72-73
firm planned order 178-80, 183-84
flow 192-93
Enty. 187-88, 192-95, 203, 252
actual - Enty. 192-96, 201-4
potential ~ Enty. 192-94, 196
fluid path 188
Enty. 191-93, 195, 197, 199-204, 246-47
pipe vs. 192
Forest Service example 38-39
generalizing 24, 38, 43, 50, 54, 57, 108
geographic location Enty. 36-40, 44-45, 47, 108,
110, 239, 246-47
geographic structure element Enty. 40, 42, 56,
71, 246-47
government agency 4, 6, 8, 19, 25, 32, 42, 145,
157, 205, 225
Enty. 32-33, 99, 101
subtypes of 32
government regulation 19, 205
high value Attr. 104-5
Hitchhiker's Guide to the Galaxy 15
hospital example 43-44
hours worked Attr. 75-76, 139-40
house paint example 49
IBM example 247-48
ideal vs. real 149-50
incompatibility Attr. 230-31, 233
Enty. 58-59
Psu. 233-34
instrument 61
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Enty. 53, 169-70, 188-91, 196-97, 199-201
~ type Enty. 169-72
~ usage Enty. 169, 252
internal investment 135
Attr. 146
Enty. 132-33
interviewing 23-24
inventory 51-54, 122, 149, 174-75, 177-79
Enty. 49, 51-54, 76, 79-80, 83-86, 111-12, 12122, 137-39, 141-42, 157-58, 180-81, 18586, 188, 199
as asset 51
FG ~ Psu. 135, 141-44
RM ~ Psu. 135, 137-39, 141-43
WIP ~ Psu. 135, 137-43
invoice Enty. 125-27
laboratory example 19, 157-72, 197, 199-201, 203,
221, 250
analysis vs. direct monitoring 201
~ test Enty. 219-20
labor usage 72-76, 85, 139-40, 243
Enty. 119, 132
land parcels Enty. 38-39, 100
tribal 40
lead time 175, 177-78
liability 118, 122
Enty. 119, 122
~ account Enty. 119-20, 123, 129-30, 132-33,
147-48
library example 206
line item Enty. 11, 13-14, 95-100, 104-6, 108, 11113, 156, 181, 183, 185-86
litigation Enty. 92-93
location Attr. 208
Enty. 207-8
lot 157, 187
Enty. 51, 53, 60, 87-88
~ inventory Enty. 51-54, 60, 87, 88
~ number Attr. 52
low value Attr. 104-5, 167-68, 197-200
machine A example Psu. 132-33, 135
maintenance work order 68, 80, 82
Enty. 80-83, 85, 92
types of 81-82
mandatoriness of attributes 16
manufacturer 50, 54, 65
manufacturing 8, 22, 49, 68, 83, 132, 173, 183,
185, 209, 235, 243
multiple levels of 55
planning model 179-83
process 103, 179, 187-204
~ step Enty. 83-85, 89

marketing responsibility Enty. 95, 108, 110
Master Production Schedule 173
material Enty. 50-52, 135, 167, 201-2
requirements planning 173-86, 235
~ structure element Enty. 57
material movement 112-15
Enty. 185
planned ~ Enty. 185
material safety data sheet (MSDS) 218-19, 22534, 251
Enty. 226-29, 231-32
material type Enty. 49-52, 54, 58-60, 64-65, 76-78,
92-93, 100, 103-6, 157-58, 167-68, 189-93,
226-27
custom ~ Enty. 103-5, 167-68
standard ~ Enty. 103-6, 167-68
measured rate Attr. 192-93
measurement Enty. 197, 199-201, 203-4, 221
meta-model 65, 201, 226, 233, 254-55
model number Attr. 47, 48, 52
MSDS See material safety data sheet.
multiple inheritance 185
name Attr. 13, 23, 24, 33, 105, 219, 226-27
New Drug Application (NDA) 205, 209
Newspeak 92
notation 4, 10-18, 125
number of hours Attr. 84, 86
number of summarizations Attr. 161-62
observation 157-60,219
Enty. 159, 161-65, 167-68, 197, 199, 220-25,
250, 252-54
~ point Enty. 219-24
occurrence See entity occurrence.
operator Attr. 161-62
optionality 4, 14, 38
order date Attr. 72-73, 96, 183
order quantity Attr. 72-73, 183-84
organization 8, 25, 31-32, 68, 94-95, 116-17, 235
Enty. 11, 15, 19-21, 23, 25-35, 37-38, 40-43,
45, 57, 72, 99, 101, 108-9, 118, 120, 15658,160,211,237-38,241-42
types 31-32
organization type Enty. 6, 21
parameter Enty. 66, 226-34, 250
~ assignment Enty. 66
part 55
~ inventory Enty. 53-54, 76, 189-91
~ type Enty. 55-56
~ usage Enty. 89
part /equipment structure element Enty. 57
part /equipment type Enty. 50-54, 58-60, 72-73,
77, 100, 103, 169-72, 189-90, 226-27
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party Enty. 15, 23-28, 30-31, 33-38, 43-45, 72-75,
77, 82, 84, 95-99, 101, 103-4, 106-8, 110,
113-15, 156-60, 181, 183, 210-13, 216-17,
226-27, 237-39, 242, 246-47
pattern 5-6, 9, 15, 19, 22, 83, 96, 116, 171, 233,
235, 254
for manufacture vs. maintenance 83
payroll transaction Enty. 132, 134
people 8, 23, 68, 94-95, 235
person Enty. 11, 16-18, 23-31, 33-35, 37, 40, 43,
44-45, 72, 74-75, 81, 87, 99, 101, 108-9,
139-40, 157-58, 210-14, 237-38, 240, 24245, 251-52, 254
PERT chart 89-90
Pharmaceuticals example 51, 83, 87, 157, 205
physical observation Enty. 158-62, 164-65, 16768, 221
physical structure element Enty. 190-91
piece of equipment 22, 52, 149, 187
Enty. 52-54, 60, 72-73, 76-77, 81-88, 92-93,
150-51, 157-58, 169-72, 188-91, 199
pig's ear symbol 20, 38, 41-42, 69-70, 107, 153
pipe Enty. 188-89, 192
placement Enty. 35-37, 45, 114-15, 150-51, 239-41
planning 7, 68, 173, 183-86
finished goods 178
finished products 173-75
material requirements 8, 173-86
~ item Enty. 185-86
Platonic idea 47
play Enty. 237, 239, 244, 251-52
PO number Attr. 13, 95-96
position Enty. 28-31, 44-45, 108-9, 212-13
~ assignment Enty. 28-31, 40, 44-45, 47, 1089, 213-14
power plant 46, 80
procedure 8, 68-94
Enty. 68, 69-73, 81, 83, 89, 92-93, 95, 97, 100,
233-34
required ~ Enty. 233-34
process 188, 192-96
Enty. 193-98, 236
monitoring 196-204
process plant example 190ff., 254
product 11, 22, 46-50, 66, 100, 103, 112, 135, 173,
187
Enty. 11-13,57, 150-51,246
~ categories Enty. 48-49, 108
finished 54-55, 179
~ inventory Enty. 53-54, 188-93, 201
~ type Enty. 46-54, 60, 66-67, 95-101, 103,
246
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production 3, 68, 80, 172
Enty. 237, 239-41, 243-46
~ deliveries Enty. 80, 83-84, 86-87, 112, 135,
141, 185, 192
- facilities Enty. 53, 188-97, 199-202, 246-47
schedule 174
~ unit Enty. 188-89
production order 83-88
Enty. 80, 83-89, 112, 135, 187, 192
project 22, 89-91
Enty. 80, 150-51
management 68, 89, 91
purchase line item Enty. 181, 183-86
purchase order 3, 11, 43-44, 95-102
Enty. 11-13, 95-96, 98, 183
purpose Attr. 23, 35
quantity Attr. 13, 51, 76-78, 86, 95, 111-12, 121,
139, 141-42, 181, 183-86, 192-93, 195-96,
201, 203-4
raw materials 46, 55, 66, 85
purchasing 19
readability 18-19
relationship 1, 4-6, 11, 14-16, 23, 25-26, 40-44, 58,
98-99, 106, 141, 171, 246
Enty. 255-56
character ~ Enty. 246, 248
hierarchy 38-39, 41-42, 119
lines 10, 13, 17-18, 78
mandatory 72, 107
many-to-many 42, 56, 71, 108, 194, 216, 246
many-to-one 6, 251-52
naming convention 15
one-to-many 71, 108
optional 114
sentences 12, 14
sometimes many 211, 251-52
replace power supply example 89-90
reporting relationship Enty. 22, 40-45, 47, 246-47
structure element 56
requirements 2, 7, 24, 103, 105, 171, 175-78
constraint vs. 243
resources 117, 243-46
responses to safety incidents 68, 80, 92-93
revenue 118-19, 124-29, 150, 152-53
reverse Polish notation 252, 254
role 16, 19, 23, 29, 72, 85, 95, 99, 106-8, 210-13,
242-43
Enty. 11, 243
dramatic- En ty. 243-44
routing Enty. 85
~ step Enty. 83-85, 105
sale Enty. 143
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forecast 174, 176-78
~ line item Enty. 181, 183-86
sales order 95-102
Enty. 95-98, 183
sample 157-60
Enty. 16-18, 157-60, 166-68, 199, 201-2, 221
sample method 164, 166
Enty. 157-58, 164, 166
scheduled receipt 174-75, 177-79, 183-86
scheduled shipment 174-75, 183-86
scheduled start date Attr. 68-69, 81-82
scheduling 68, 179
seconded 29-31
section 208, 219
Enty. 225-32
serial number 47-48, 51, 76
service 46, 68, 100, 119
Enty. 11-13, 68, 95, 97, 99-102, 112
site Enty. 35-37, 45, 51-53, 60, 76, 83-85, 111-15,
118, 150-51, 157-58, 189-90, 239-41
social security number Attr. 25-27
specification Enty. 104-6, 167-68
physical thing itself vs. 46-47
~ range Enty. 104-5, 167-68
standard order size 174
standard rate Attr. 192-93
standards 3-4, 10
start date Attr. 28-29, 74, 106-7
start time Attr. 192-93
structure 54-61, 92, 94, 118, 173, 190-92
of data 205, 213, 218
of document 208-10
study 218-19
Enty. 219-23
- variable Enty. 220-25
subassembly 76, 179
subject 213-17
Enty. 219-23
subtype 6, 12-13, 15, 32, 45, 61, 63, 70, 103, 125,
145
inheritance 13, 33
summarization 148-56
Enty. 161-62, 164-65, 197, 200, 203, 253-54
summary rule Enty. 161-62, 197, 203, 253-54
supertype 6, 12-13, 15, 100
supply-and-demand analysis 174
symbols 10-16
systems development 1-2, 5, 7
tag 197-99, 201-4
Enty. 197, 199-204, 254
technology 2-4, 7, 205-6
test 157-60, 169-72

Enty. 16-18, 159-66, 169-72, 201-2, 221, 236,
250-51
testing for material composition 167-68
test observation Enty. 159-62, 164-65, 167-68,
197, 201
test type 163-64
Enty. 16-18, 159-60, 163-66, 170-72, 236, 25051
theatrical production example 89, 237, 240, 251,
256-57
thing 94, 235-39
Enty. 255-56
of significance 1-4, 11, 13, 23, 25, 34, 38, 47,
65, 68, 94, 98, 205-6
thing type 19,235-39
Enty. 255
time Attr. 159-60, 219-21
time sheet entry Enty. 74-76, 81, 85, 87, 89, 135,
139-40, 243, 245
title Attr. 206-7
Enty. 29-30, 44
total cost Attr. 77-78, 81-82, 141-42
total equipment cost Attr. 84, 86
total labor cost Attr. 76, 78, 81-82, 84-86
total material cost Attr. 76-78, 81-82, 84-86
as derived attribute 76
type Attr. 26, 27, 28, 29, 30, 34, 35, 36, 37, 40, 43,
44.45, 47, 106-7
unit cost 76
Attr. 86, 141-43
unit of measure 56
Attr. 52-53, 57-59, 64, 86
Enty. 76, 104-5, 158-59, 162-65, 167-68, 197202, 220-21
~ conversion Enty. 162-63, 167, 252-53
until date Attr. 35-37, 43-44, 48-49
users 1-2, 7, 38, 45, 103-6, 179, 219, 229, 233
specifications 103-6
value Attr. 65, 158-60, 162-65, 167-68, 199-204,
226-29, 232, 249
Enty. 65-66, 248-51, 255-56
variable Enty. 16-18, 104-5, 158-65, 167-68, 19495, 197-204, 220-25, 250-54
variable length record 246-51
vendor 11, 23, 51, 95, 98, 113
visit Enty. 219-21
Whimsite example 78
work center Enty. 80, 83-85, 113, 115, 118, 150-51
work order 68, 72, 80-93, 173, 175
Enty. 72-81, 83, 87, 89, 91-92, 112-13, 135,
138-42, 181, 183-86, 242, 254
zip code example 34, 40

