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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—pro-

viding 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 exis-
tence 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 main-
tain, and often cater to changes in the business not known about initially. For
example, rather than just model the exact organisation structure in our busi-
ness, we could use a generic organisation model that can accommodate execu-
tive change (often just whim!). The generic model should even be able to han-
dle 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 execu-
tives 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 pro-
cedures and other techniques enforcing the implied processing logic—such as
advanced referential integrity constraints. The generic patterns may also be

xvii
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FOREWORD

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 complete-
ness, quality, and simplicity? As a lateral thought, we tried drawing the dia-
grams 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 them-
selves 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 mod-
eller 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 sur-
prises 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 men-
tions. If analysts use the well-proven modelling approach described in this
book, and then implement the results on relational or object database manage-
ment systems, they should be able to develop highly business-oriented systems
quickly.

May 1995 Richard Barker
Near-Maidenhead Senior Vice President
Berkshire Product Division
England OpenVision

Pleasanton, California



PREFACE

earning the basics of a modeling technique is not the same as learn-

ing 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 ana-
lyst may be expected to come into an organization and immediately under-
stand 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. Under-
standing 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 companies” models will look the
same. Quite the opposite is true. In your author’s experience, no two organi-
zations’ models have been identical. On the other hand, widely differing orga-
nizations, 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 under-
standing 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 busi-
ness 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.

April 1995 D.C.H.
Houston, Texas Davehay@essentialstrategies.com
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THE ENTERPRISE AND ITS WORLD

e’ll start the modeling exercise with some entities that can be
specified without interviewing anyone. You know that they
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 mod-
els for all companies. Oh, there may be pressure to name it something differ-
ent, 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 sup-
pose) 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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DATA MODEL PATTERNS

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,”
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 ini-
tial, if you want to get thorough*). This could be handled by moving “name”
to ORGANIZATION and giving PERSON “first name” and “last name.” An alterna-
tive 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.

4 N\
PARTY

. Name (surname)

. Address
)
PERSON

. Given name
. Birth date

-

( ™\
ORGANIZATION
. Purpose

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 con-
text in which this is to happen.
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While virtually all companies and government agencies have need for the PER-
SON 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 PER-
SON 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,” “num-
ber 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 contrac-
tual 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 PER-
SON 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 char-
acteristics, 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 cer-
tain 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 addi-
tional 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” go in this entity.
EMPLOYMENT may also have the attribute “type,” to distinguish between full-
time 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 attribut-
es 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 cor-
rect thing and made it an attribute of PERSON.*
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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 col-
lecting social security numbers for everyone, in all kinds of inappropriate situ-
ations. 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 can-
not 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, possi-
bly 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.
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Figure 3.5: Positions.

First, the rosITION 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 Teach-
ing 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 PER-
sON 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 ASSIGN-
MENTS, 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 ORGANI-
ZATION, however, because it may be important to keep track of titles and organi-
zational 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.”
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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 intro-
duced in Figure 3.4, thereby producing the diagram shown in Figure 3.7. Posi-
TION ASSIGNMENT is now based on the EMPLOYMENT of the PERSON with an ORGANI-
ZATION. Note that this new model allows EMPLOYMENT to be with one organiza-
tion (such as a company), while a POSITION may be defined by a different ORGANI-
ZATION (such as a department). This representation would allow a PERSON to
have EMPLOYMENT with one company and to have a POSITION defined by an unre-
lated 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.
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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 ORGANI-
ZATION 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. Profession-
al 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 organiza-
tions, 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, howev-
er, 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 INTER-
NAL 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 orienta-
tion 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, govern-
ments are governments and each division may have its own definition of what
is “foreign.” This would make FOREIGN GOVERNMENT AGENCY a meaningless
entity.



THE ENTERPRISE AND ITS WORLD

33

~
PARTY ~Name
. Address PERSON
-
ORGANIZATION
INTERNAL EXTERNAL
ORGANIZATION ORGANIZATION
. Purpose
DEPARTMENT '
CORPORATION
. Federal tax ID
Z l —
DIVISION
)
GOVERNMENT
AGENCY
OTHER -~ J
INTERNAL
ORGANIZATION ( )
OTHER
EXTERNAL
. Number of ORGANIZATION
employees —
-
L
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,” “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.
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Figure 3.9: Addresses—First Try.

So, we have now made ADDRESS a thing of significance. This is not unreason-
able, 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, two-
part 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 geo-
graphic 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 loca-
tion, 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,” howev-
er, 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 af a SITE.
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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 inter-
est to collect addresses by city, county, postal code, or other GEOGRAPHIC LOCA-
TION 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 mail-
ing 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, neigh-
borhoods, major statistical metropolitan areas (MSMA’s), and streets as exam-
ples of GEOGRAPHIC LOCATION and then link them together as a hierarchy. Cor-
rectly populating the GEOGRAPHIC LOCATION entity would then make redundant
at least the “city, state, and ZIP code” in sITE. A building at “544 East 11th
Street, New York, New York 10009,” for example, could have as the “address
text” of its SITE “544 East 11th Street,” and then be shown as being in ZIP code
“10009,” which is part of “New York” (the city), which is part of “New York”
(the state).

Indeed, carried to extremes, even “East 11th Street” could be a GEOGRAPHIC
LOCATION, as could “building 544,” which is part of “East 11th 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 under-
stood 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 inter-
ested 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 organiza-
tion’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 man-
age 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: GEOPOLITI-
CAL 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 HABI-
TATS 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 LOCA-
TION must be composed of one or more GEOGRAPHIC LOCATIONS is to fail to deal
with the bottom of the tree.
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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



40

DATA MODEL PATTERNS

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, GEOGRAPH-
IC 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 GEOGRAPH-
IC LOCATION. Alternatively, each GEOGRAPHIC LOCATION may be a part in one or
more GEOGRAPHIC STRUCTURE ELEMENTS, each of which must be in another GEO-
GRAPHIC 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 ELE-
MENT. That is, if a tribal land were in Quebec and Ontario, the land’s GEO-
GRAPHIC LOCATION would be composed of two GEOGRAPHIC STRUCTURE ELEMENTS—
one representing the presence of part of the land in Quebec, and one represent-
ing the presence of part of it in Ontario.
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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 gen-
eral 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 ORGANIZA-
TION 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.

part of
ORGANIZATION
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Figure 3.14: Organizational Structure.

In Chapter One, we ended the discussion of ORGANIZATION when we estab-
lished that all organizations are fundamentally the same. It is important, how-
ever, that we also know how to draw a hierarchy when the top (or bottom) ele-
ment (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 ORGA-
NIZATION 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 COR-
PORATION. 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.
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Figure 3.15: Top-Heavy Hierarchy—Version 1.

The second way a distinction may be drawn between the top element in a hier-
archy 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 ORGANI-
ZATION must be part of an ORGANIZATION (which in turn must be either a COrRPO-
RATION 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.
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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 agen-
cies. 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 relation-
ship. This requires us to add an entity describing each occurrence of an ORGA-
NIZATION 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 REPORT-
ING RELATIONSHIP must be the occurrence of one ORGANIZATION in another ORGA-
NIZATION. That is, each ORGANIZATION may be composed of one or more REPORT-
ING RELATIONSHIPS, each of which is of another ORGANIZATION.*

* As with the hierarchy, we will stipulate outside the model that an ORGANIZA-
TION may not be related to itself. That is, an occurrence of a REPORTING RELA-
TIONSHIP 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 mar-
ried to each other; people belong to unions and clubs; departments are con-
tained 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 gener-
alized 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 anoth-
er at a particular time.

The power of this concept may be seen in many areas. For example, hospi-
tals 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 neces-
sary 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.

r ™~ 4 ™~
REPORTING from -
RELATIONSHIP on one PARTY
side of
. Effective date
. Until date o ( \
-Type > — PERSON
L~ on the other
\ J side of
N\ J
. )
ORGANIZATION
- Y,
\ y,

Figure 3.18: Reporting Relationships Between Parties.

REPORTING RELATIONSHIP allows any relationships among people and organiza-
tions to be defined. As mentioned above, the special case of people’s relation-
ships 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. Pre-
viously, 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 rela-
tively 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 RELA-
TIONSHIP 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 unavoid-
able 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 {0 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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Enty. 16-18, 159-66, 169-72, 201-2, 221, 236,
250-51
testing for material composition 167-68
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51
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
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