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6.0 Author’s Guide To Creating IDEF1 Diagrams

6.1 Phase Zero - Context Definition

The IDEF1 information model must somehow be described and defined in terms of both its
limitations and its ambitions. The modeler is one of the primary influences in the
development of the scope of the model. Together, the modeler and the project manager
unfold the plan for reaching the objectives of Phase Zero. These objectives include:

1. Project definition — a general statement of “what” has to be done, “why”
and “how” it will get done.

2. Source material — a plan for the physical compilation of source material,
including the indexing and filing of it.

3. Author conventions — a fundamental declaration of the conventions
(optional methods) by which the author chooses to make and manage
the model.

The products of these objectives, coupled with other descriptive and explanatory documents
and information, become the products of the Phase Zero effort—the Phase Zero Kits. The

purpose of these kits will be described more fully later in this section.

6.2 Project Definition

6.2.1 The Strategic Objective

The first activity in the modeling project is to establish where the project is going, how, and,
to some extent, why. In this process, the project manager will establish his authority and
mandate for the project. Some rough guidelines establishing the scope of the project in terms
of money, time, and breadth of effort will have been laid down, usually in a project
manager’s authorizing documents. The extent of the project manager's responsibility,
authority, and direct control must be made clear at this point in project start-up. The project

manager must understand and establish this control, since it is the project manager’s



responsibility to direct the activities of various other personnel during the course of the

project.

On the basis of this established authority, the project manager selects the modeler and
modeling team. Together they then formalize the scope of the project to be undertaken. A

problem domain is first identified and then carefully defined.

Thus, the number one element of the project plan emerges—the strategic objective. The

strategic objective is comprised of two statements, one of intention and one of elimination.

They are:
1. Statement of purpose — a statement that defines “what” the model will
be concerned with, i.e., its contextual limits.
2. Statement of viewpoint — a statement which expresses the perspective

of the model, the “eyes” through which the model is to be viewed.

One of the primary concerns which will be answered as a result of the establishment of the
strategic objective is the concern over the time-frame reference for the model. Will it be a
model of the current activities? Will it be a model of what is intended after a few changes in
the enterprise? The strategic objective identifies the appropriate “time slice.” Formal
description of a problem domain for an IDEF1 modeling project may include the review,
construction, modification, and/or elaboration of IDEF@ models. For this reason, both the
modeler and the project manager must be versed, to some degree, in the authoring and use of
IDEF@ models. Typically, an IDEF@ model exists which can serve as a basis for the problem
domain. A sample of the scope of in IDEF1 model, as viewed from the IDEFJ perspective,

can be seen in Figure 6-1.
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Differing viewpoints on a given problem invariably result in different models and it is
crudely that the project manager and modeler reach an agreement on what purpose is being
served, especially on what viewpoint is being used. As stated previously, the strategic
objective is a juxtaposition of two statements describing the objectives: the purpose and the

viewpoint. A sample strategic objective statement is shown in Figure 6-2.

6.2.2 Strategic Plan

The strategic plan is both a framing and organizing statement. It outlines the tasks to be
accomplished and the sequence in which they should be accomplished. These are laid out in

conformance with the overall tasks of the modeling effort:

1. Project planning

2. Data collection

3. Entity class definition

4, Relation class definition

5. Key Class definition

6. Attribute class population

7. Model validation

8. Acceptance review
Once the strategic planning effort gets underway, one of the several representation
alternatives should be selected. These alternatives represent different ways in which the
work efforts can be expressed in the strategic plan. Usually, modelers find it more

convenient to combine methods rather than selecting only one by which to organize the

project. Some of the more popular techniques employed include:
1. IDEF@ function models
2. WBS (work breakdown structures) — hierarchical or tree structure
3. Precedence networks (PERT)

4, Textual task definitions



A textual accompaniment to the formats which display the work structures is normally in
order. It also takes a variety of forms, including text in paragraph style, text in outline form,

text in tabular form, etc. A sample textual format is shown in Figure 6-3.

6.2.3 Functional Organization

In general, the model development may be viewed as ruled by the doctrine of “informed
consent.” By this we mean that the value of a model is measured not against some absolute
norm but rather in terms of its acceptability to experts and laymen within the community for
which it is built. This is accomplished through two mechanisms. A constant review by
experts of the evolving model provides a measure of validity of that model within the
particular environment of those experts. Then, a periodic review of the model by a
committee of experts and laymen provides for a corporate consensus to the model. The
principle of acceptability rather than perfection is maintained and information models are

achieved which represent the enterprise in an acceptable and integrated fashion.

Another doctrine worthy of mention is the doctrine of “active intent.” This means that, to the
extent possible, the builders of a model are held responsible for what the model says.
Nothing is assumed to have been left to the model reader’s imagination. Nor is the reader at
liberty to draw conclusions outside the scope of the statement of the model. This forces
modeler to very carefully consider each piece of information added to the model and to
carefully choose each figure which will be used to represent the model. A weakness in most
techniques which this doctrine specifically attacks is the tendency to under-explain, or under-
describe, components of the model. It is the intent of this doctrine that no imagination be

required in the interpretation of in IDEF1 model.
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The functional organization is constructed to support these basic principles and to provide

organized project controls.

The IDEF functional organization has five primary roles in it:

1. The project manager
2. The modeler
3. The sources of information

4. The expert reviewers

5. The acceptance review committee

Whole companies, departments, coalitions, teams, and others can serve in any one or several
of the roles. The purpose of a role assignment, though, irrespective of the assignee, is the

determination of responsibility. Each of these is further defined on the pages which follow.

One person may serve in more than one capacity in the functional organization of the
modeling effort. But it is wise to remember that if there are insufficient points of view taken
into account when finalizing the model, the model may represent a very narrow perspective.
It may end up only partially serving to reach the objectives of the information modeling

project.

In the cases of the project manager and the modeler, there must be a lead, or principal,
individual who fulfills the role. Further, while it is the modeler’s ultimate goal to have the
model approved by the review committee, the modeler reports to the project manager, not the
review committee. In this way the otherwise conflicting interests of the modeler, review
committee, and project manager are disentangled. The project manager is always placed in a
position of control, while the various technical discussions and approvals are automatically
delegated to the qualified agency under that control. Figure 6-4 illustrates the functional

project organization, with the project manager at the nucleus of all project activity.

Project Manager. The project manager is that person or organization identified as having
administrative control over the modeling project. The project manager performs four

essential functions in the modeling effort.

First of all the project manager selects the models. As a major part of this function, the

project manager and the modeler must reach an agreement on the ground rules to be
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followed in the modeling effort. These will include the use of this methodology, the extent of
control the project manager expects to exercise over the modeler and the scope and

orientation of the model to be developed.

The second function performed by the project manager is to identify the sources of
information on which the modeler will draw to build the model. These sources may either be
personnel particularly knowledgeable in some aspect of the manufacturing process, or

documents which record, instigate, or

Figure 6-4. Functional Organization

report aspects of that process. From a modeling standpoint, personnel who can interpret and
explain the information they deal with are the more desirable, but documents which record
that information are usually less expensive to obtain. The project manager must be in a
position to provide these sources to the modelers. Sources will initially be identified in
modeling Phase Zero, but the list must be reviewed and revised as the effort progresses since

the information required will tend to change as the model grows.

Next, the project manager selects experts on whose knowledge and understanding the
modeler will draw for validation of the evolving model. Validation, as will be discussed under
Experts, means concurrence that the model acceptably (in the abstract we would say
“accurately” or “truly”) reflects the system being modeled. The experts will be given portions
of the model and asked to review and comment based on their particular knowledge. Clearly,
more of an expert’s time will be absorbed in the modeling effort than the time we would set

aside for a source of basic information.
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The initial list of experts will be established during Phase Zero, but will be reviewed and
revised throughout the modeling effort as the need arises. Finally, the project manager
forms and convenes the acceptance review committee. This committee periodically meets,
under the chairmanship of the project manager, to consider issues of substance requiring
arbitration, and to review portions of the model for formal acceptance. The project manager
sits on the committee as its non-voting chairman, thereby providing the needed link between
the modeler and the committee. While the modeler is not a member of the committee, it will
frequently turn out that the project manager will invite the modeler to attend a committee
meeting to provide background information or to explain difficult technical points. The first
meeting of the committee is held during Phase Zero and thereafter at the discretion of the

project manager.

Modeler. The modeler records the model on the basis of source material he is able to gather.
It is the modeler's function to apply the modeling technique to the problem posed by the
project manager. There are four primary functions performed by the modeler. These are:
source data collection; education and training; model recording; and model control. The
modeler is the central clearinghouse for both modeling methodology information and

information about the model itself.

Before the modeler’'s primary functions begin, the modeler and the project manager study
and establish the scope of the modeling effort. Then, the modeler outlines a project plan: the
tasks required to reach the stated objectives. The project manager provides the modeler with
a list of information sources and a list of experts on whom the modeler may rely. The
modeler must ensure that the necessary lines of communication are established with all

participants.

Source data are collected by the modeler from the various sources identified by the project
manager. The nature of these data will depend largely on the modeling phase being
exercised. Both personnel and documents will serve as sources of information throughout
the modeling effort. With personnel especially with documents, the modeler must be
particularly aware that each piece of source information provided represents a particular
view of the information in the enterprise. Each producer and each user of information has its
own distinct view of that information. The modeler is striving to see, “through the eyes of the
sources,” the underlying meaning and structure of the information. Each source provides a
perspective, a view of the information sought. By compositing these views, by comparing and

contrasting the various perspectives, the modeler must develop an image of the underlying
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reality. Each document may be seen as a microcosmic implementation of a system meeting
the rules of the underlying information model. The modeler attempts to capture all of these
rules and represent them in a way that can be read, understood, and agreed upon by experts

and informed laymen.

The modeler’s second function is to provide assistance with the modeling technique to those
who may require it. This will fall generally into three categories: general orientation for
review committee members, sources, and some experts; model readership skills for some

sources, and experts; and modeling skills for some experts and modelers, as required.

The third function performed is the recording of the model. The modeler records the model
by means of filled-in modeling forms and diagram sheets. The methodology defines the rules

for using and filling in these sheets.

The modeler also controls the development of the model. Files of derived source information
are maintained to provide appropriate backup for decisions made by the modeler and to allow
a measure of participation for both project manager and modeler use. This record of
participation provides the modeler with an indication of the degree to which the anticipated
scope is being covered. By knowing who has provided information in what areas and the
“quality” of those interactions, the modeler can estimate the degree to which current

modeling efforts have been effective in meeting the original goals.

The modeler is also responsible for periodically organizing the content of the model into some
number of “Reader Kits” for distribution to reviewers. A reader kit is a collection of some
number of pages of the model, organized to facilitate its review and the collection of

comments from the information experts.

Sources. Source information for an IDEF1 model comes from every quarter within the
manufacturing enterprise. These sources are often personnel who have a particular
knowledge of some local area in manufacturing of management and whose contact with the
model may be limited to a few short minutes of interview time. Yet these sources form the
heart of the modeling process. It is their contribution which is modeled and their perception

which provides the modeler with the needed insight to construct a valid, useful model.

The project manager identifies sources of information which may be effective based on the
modeler’s statement of need. As the modeling effort progresses, needs change and the list of

sources must be revised. While the modeler must be careful to account for the information
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provided by each source, both the modeler and source should be aware that any particular
contribution is necessarily biased. Each source perceives the world a little differently and it
is the modeler’s responsibility to sort out these varying views. This is especially true of

source documents.

Documents record the state of a minute portion of the enterprise at some point in time, but
the information on a document is arranged for the convenience of its users and seldom
directly reflects the underlying information structure. Redundancy of information is the
most common example of this, but the occurrence of serendipitous information on a document
is also a source of frequent and frustrating confusion. Documents are valuable sources of
information for the model, but they require a great deal of interpretation, understanding,

and corroboration to be used effectively.

Personnel used as sources can often extend themselves beyond their direct use of information
to tell the modeler how that information is derived, interpreted, or utilized. By being
prepared to ask appropriate questions, the modeler can use this information to advantage in

understanding how the perception of one source may relate to that of another source.

Experts. An expert is a person appointed by the project manager who has a particular
knowledge of some aspect of the manufacturing area being modeled and whose expertise will
allow valuable critical comments of the progressing model. The impact that appropriate
experts can have on the modeling effort cannot be overstressed. Both the modeler and the

project manager should seriously consider the selection of each expert.

Experts are called on to critically review portion of the evolving model. This is accomplished
through the exercise of some number of validation cycles (IDEF Kit Cycle), and by the use of
reader kits. These kits provide the expert with a related collection of information presented
so as to “tell a story.” In this fashion the expert is provided the information in an easily
digestible form and is challenged to “fill in the blanks” or “complete the story.” While the kit
is largely based on modeler interpretation of information from informed sources, the
comments of experts may also be expected to provide high quality source material for the
refinement of the model. The particular expertise of these people makes them uniquely
gualified to assist the modeler in constructing and refining the model. The modeler must
take every opportunity to solicit such input and this is why the kits of information must

present the expert with concise, clear problems to solve relative to the modeling effort.

15



The primary job of the expert is to validate the model. Expert validation is the principal
means of achieving an informed consensus of experts. A valid model is one agreed to by
experts informed about the model. Note that it is not necessary for a model to be “right” for
it to be valid. If the majority of experts in the field agree that the model appropriately and
completely represents the area of concern, then the model is considered to be valid.
Dissenting opinions are always noted and, it is assumed by the discipline that models are
invalid until proven otherwise. That is why expert participation is so vital to the modeling
effort. When the modeler first constructs a portion of the model he is saying: *“l have
reviewed the facts and concluded the following...” When that portion is subsequently
submitted to experts for review, he asks, “...Am | right?...” Expert comments are then taken
into account in revising that portion of the model which the experts do not agree with, always

bearing in mind that a consensus is being sought.

Experts, more than any other non-modeling participants, require training to be effective. In
fact, one of the modeler's responsibilities is to ensure that experts have an adequate
understanding of the modeling methodology and process. Principally, experts require good
model readership skills, but periodically it will be helpful to train an expert in some of the
rudiments of model authorship. By providing experts with a basic understanding of
modeling the project is assured of useful input from those experts. Further, the stepwise,
incremental nature of the modeling process presents experts with the modeling methodology
in “small doses.” This tends to enhance the expert’s ability to understand and contribute to

the modeling effort.

Acceptance Review Committee. The acceptance review committee is formed of experts
and informed laymen in the area of manufacturing to be addressed by the modeling effort.
The project manager forms the committee and sits as its chairman. It is the function of the
review committee to provide guidance and arbitration in the modeling effort and to pass final
judgement over the ultimate product of the effort: an IDEF1 information model. Since this
model is one part in a complex series of events to determine and implement systematic
improvements in the manufacturing productivity of the enterprise, it is important that the
committee include ample representation from providers, processors, and end users of the
information represented. Very often this will mean that policy planners and data processing
experts will be included on the committee. These personnel are primarily concerned with
eventual uses to which the model will be put. It may also be advantageous to include on the

committee experts from manufacturing or management areas outside, but related to, the
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area under study. These personnel often can contribute valuable insight into how the

information model will impact, or should be impacted by, ongoing work in other areas.

It is not uncommon for personnel who serve in the role of experts to also serve as members of
the review committee. No conflict of interest should be anticipated. An expert is often only
exposed to restricted portions of the model at various intermediate stages, but the review
committee must pass judgement on the entire model. It is much less common for personnel
who serve in the role of source to also sit on the committee; their knowledge is usually so
restricted in coverage that it excludes them from practical contribution to the committee. It
is ill-advised for modelers to sit on the committee, because a severe conflict of interest is
clearly evident. The role of the modeler is to record the model without bias, while the role of
the committee is to ensure that the model in fact represents their particular manufacturing

enterprise.

The end product of this segment of the project definition is the documentation of specific
assignments made by the project manager to fulfill each of the functional role requirements
of the modeling technique. Once again, there are a number of graphic and textual

alternatives available to the modeler for representing these assignments.

6.2.4 Resource Allocation

The final effort in the Project Definition portion of Phase Zero is the development of the
resource allocation plan. This plan stipulates the magnitude of the task effort, the time

frame through which the task will be conducted, and the sequence of the efforts involved.

The major activities within the modeling effort must be broken down into more manageable
levels of detail. These more manageable pieces are then scheduled and phased and then a

milestone chart of these scheduled events can be produced.

The resource allocation plan displays the required hours of effort anticipated for each
participant in the project in relation to each phase of model development and calendar time
frame. It includes a summation of estimated hours by modeling phase and role as well as a

summation of estimated hours for each phase and for the total project.

Any one of a number of alternative formats can be selected to express the resource allocation
arrangement. Text, bar charts, milestone charts, etc., can fulfill the requirement to publish

the details of the resource allocation plan.

17



6.2.5 Source Material — Data Collection Plan

One of the first problems confronting the modeler is the determination or what sort of
material needs to be gathered and from what sources it should be gathered. Often the scope
and context of the IDEF1 model will be determined based on an analysis of an IDEFQJ
function model. Once the analysis of the functions and pipelines between functions is
completed, “target” functions within the enterprise represented by the function model can be
identified. A “target” function node is one that represents a concentration of information in
use which is representative of the problem domain. An example of “target” function node

selection is shown in Figure 6-5.

\ PRODUCTION DESIGN
A AY
SCHED.& |
BUDGET
/'.‘ \ TARGET FUNCTION NODES]
e Control & Release
Producti onf Production Planning
- =T Develop & Release
“‘ Fab. Instr.
y ) '
!‘ ” Provide Tools & Equip.
PRODUCTION
Provi de ’
Peopl e & T Y. RESOURCES | Procure& Inventory
Facility Material
T Control & Inspect
frovioe Production Materials
ools & l
Equi pment PROCURE_
u ITEMS
Procure &
(EEEE ppra 1
\_/
PRODUCTION oo
Product i onf
Material s
PROCURED ITEMS

STORES REQUESTS

BASED ON ‘MOST FOR LEAST’
‘CONCENTRATION POINTS OF
INFORMATION

Figure 6-5. Target Function Nodes

Once the target functional areas have been identified and the primary information categories
of interest selected individuals within functions can be selected to participate in the data
gathering process. This data gathering can be accomplished in several ways, including
interviews with knowledgeable individuals; observation of activities; evaluation of
documents, policies, and procedures; application specific information models; etc. This

requires translation of the target function nodes into their equivalent, or contributing,
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administrative participants. Once the administrative groups participating in a “target
function have been identified, the project manager can proceed to identify individuals (or
specific observable areas) which can be used as sources of material for the model. A
representation of the translation of “target” function nodes into administrative and

individual participants is shown in Figure 6-6.
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Figure 6-6. ldentifying Participants

Regardless of the method used, the objective of the modeler at this point is to establish a plan
for the collection or representative documentation reflecting the information pertinent to the
purpose and viewpoint of the model. Once collected, each piece of this documentation should
be marked in such a way that is traceable back to its source. This documentation, along with
added documentation which is discovered through the course of the modeling, will be
constantly referenced in the various phases of model development. It is this source material
which the modeler will study and search for objective evidence lending credibility to the basic

structural characteristics of the model and meaning of the information represented.
The source material may take on any one of several forms and may be fairly widespread
throughout an organization. It may take the form of:

1. Document (various media)

2. Blank forms (supplies)

3. Policies and Procedures (instructions)

4, Interview results

5. Observation results, etc.
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To accomplish the objective successfully, a sound data collection plan is of paramount
importance. This data collection plan must reflect what kind of information is of importance,
where that information is available, and who will supply it. Characteristic of Phase Zero,
this plan may take any of several forms of presentation, as long as the basic information

requ irements are met.

As the source material is actually collected, its availability is recorded on the source material
log. The source material log is the primary index to all source material used in the project.
Each piece of source material is sequentially assigned a unique identifying number as the log
is filled out. This number is written on the source material prior to its being placed in file. A

sample of the source material log is shown in Figure 6-7.

Once the collection of source material is initiated, the source data identification can
commence. This is a list of every name (i.e., every element) that is referenced in the source
material. Each name occurs only once on the source data list and each name must be
traceable to the specific piece(s) of source material where it can be observed. A sample source
data list is shown in Figure 6-8. An example of how this traceability is employed is shown in

Figure 6-9.

There are two work activities represented here:
1. Preparation of the data collection plan

2. Execution of the data collection plan
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The modeler includes the actual data collection plan in the Phase Zero documentation which
is distributed to readers, but the source material collected (forms, records, etc.) is not
distributed for review. Only the Source Material Log and Source Data List are distributed as

a part of the Phase Zero documentation.

6.2.6 Author Conventions

Author conventions are those latitudes granted to the modeler (author) to assist in the
development of the model, its review Kkits, and other presentations. Their purpose is
specifically for the enhancement of the presentation of the material. They may be used
anywhere that would facilitate a better understanding and appreciation of any portion of the

model.

Author conventions may take on various forms and appear in various places. For example, a
textual representation of a strategic plan rather than a Work Breakdown Structure or other
type of chart. But the most important aspect of all of this is what author conventions are not.
Author conventions are not:

1. Formal extensions of the technique

2. Violations of the technique
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Author conventions are developed to serve specific needs. Each convention must be
documented as it is developed and included in the Phase Zero documentation which is

distributed for review.

6.2.7 Phase Zero Kits

Phase Zero kits are assembled in groups. The first group contains the products of the four
primary stages of project definition—strategic objective, strategic plan, functional
organization, and resource allocation. These are referred to as the project planning Kits.
Next are the source material kits. This group consists of the Data Collection plan, the Source
Material Log, and the Source Data List. Finally, there is the last group of Kits, the Author

Conventions.

There will typically be some number of kits representing each group in Phase Zero.
Together, the kits represent the whole of the Phase Zero product. Each of these Kits is
prefaced by a Kit Cover Sheet. A thorough description of the forms and procedures for

submitting Kits is found in Section 5.0.

The Phase Zero kit structure is not complicated. Basically, a Phase Zero kit is composed of a
kit cover sheet, followed by some number of pages representing one or more sections of the
Phase Zero documentation. An example of the Phase Zero kit structure is reflected in Figure
6-10. Most of the pages in Phase Zero documentation are textual in nature. Each page of the
textual material is assigned a unique “node” number within the phase. Figure 6-11 shows an

example of this standard.

It is imperative that Phase Zero content be approved by the project manager prior to
initiating Phase One. Later on, revisions may be made to this phase to reflect the
appearance of new elements in the model, but new Phase Zero kits have to be issued then to

document the change.

6.3 Phase One - Entity Class Definition

The objective of Phase One is to identify and define the entity classes which fall within the
problem domain being modeled. The first step in this process is the identification of entity

classes.
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Figure 6-10. Phase Zero Kit Structure

6.3.1 Entity Class Definition

Most of these should have been represented on the Source Data List constructed during
Phase Zero. The modeler must first identify within the list of names those things which

represent potentially viable entity classes. One way this can be simplified is to identify the

” o, Mo

occurrences of all nouns in the list. For example, terms like “part,” “vehicle,” “machine,”
“drawing,” etc., would be considered potentially viable as entity classes. Another method is
to identify those terms ending with the use of the word “code” or “number;” for example, part
number, purchase order number, routing number, etc. The phrase, or word, preceding the
word “code” or “number;” could also be considered at this stage a potentially viable entity
class. For the remainder of the items on this list, the modeler must ask whether the word
represents an object about which information is known, or is information about an object.
Those items which fall into the category of being objects about which information is known

may also be viable entity classes.
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Figure 6-11. Unique Node Number

Entity classes result from a synthesis of basic entities, which become members of the entity
class. This means that some number of entities, all of whose detailed pieces are the same,
are represented as an entity class. An example of this concept is shown in Figure 6-12. The
entity classes, although expressed in a two-dimensional form, must be thought of in terms of
a three-dimensional image. The third dimension is the membership mentioned earlier. Each
occurrence of an entity in an entity class is a member of the entity class, all with the same

kind of identifying information.

At the end of this process of selection of terms, the modeler has completed what is referred to
as the entity class pool. This pool simply contains all of the known names of entity classes
within the context of the model being constructed at this point. As the modeler is building
the entity class pool, a discrete identification number is assigned to each entry and reference
to its source is recorded. This way, the traceability of the information is maintained. The
integrity of the pool remains intact and the management of the pool is relatively easy. A

sample of an entity class pool is shown in Figure 6-13.

It is unlikely that all names on the list will remain as entity classes by the end of Phase Four.
Also, a number of new entity classes will be added to this list and become a part of the
information model as the modeling progresses and the understanding of the information

improves.
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Figure 6-12. Synthesizing an Entity Class
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Entity class names discovered in some later phase must be added to the entity class pool and
assigned a unique identification number. One of the products of the Phase One effort is the

entity class pool. To remain viable it must be up to date.

The next product that will emerge out of the Phase One efforts is the beginning of the Entity
Class Glossary. During Phase One, the glossary is merely an assemblage of the entity class

definition pages.

There is a standard outline for the entity class definition page, which is reflected below. The
heading and title blocks of the form are standard, but the body of the form is unique to the

entity class definition page. Each of the items contained in the body of the page is discussed

below:

1. Entity Class Name — Entity class name is the formal name by which the
entity class will be recognized in the IDEF1 model. It should be fully
descriptive in nature, not shorthand.

2. Entity Class Label — The entity class label is a pseudonym assigned to

the entity class which is based on the entity class name. It should bear
some resemblance to the entity class name, but is a short form of the
name. It is destined to be the form of the name used in the entity class
box throughout the model. It is stressed that, although the entity class
label is a shorter form of the entity class name, it must be meaningful.
Character strings which are unrecognizable or carry no immediate
recognized significance to the reader are worthless as entity class
labels.

3. Entity Class Definition — This is a definition of the entity class which is
most commonly used in the enterprise from the viewpoint upon which
the model is based. It is not intended to be “Websterian” (dictionary-
like) in nature. It would be meaningless (if not totally confusing) to
include definitions outside of the Phase Zero scope, since the meaning
of the information reflected in the model is specific to the viewpoint
upon which the model is based and to the context of the model defined
in Phase Zero There may be slight connotative differences in the way
that the entity class is defined, primarily based on contextual usage.
When these occur, or when there are alternate definitions (which are
not necessarily the most common from the viewpoint of the model),
these should also be recorded. It is up to the reviewers to identify what
definition should be associated with the term used to identify the entity
class. The Phase One definition process is the mechanism used to force
the evolvement of a commonly accepted definition.

4. Entity Class Synonyms — This is a list of other names by which the
entity class might be known. The only rule pertaining to this is that the
definition associated with the entity class name must apply exactly and
precisely to each of the synonyms in the synonym list.
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A sample of the entity class definition page is exhibited in Figure 6-14.

Entity class definitions are not most easily organized and completed by first going after the
ones which require the least amount of research. Thus, the volume of glossary pages will
surge in the shortest period of time, then the modeler can conduct the research required to
become fully conversant with the rest of the names in the pool.

time and the effort required to gather and define the information will ensure that the

modeling effort continues at a reasonable pace.

Each element of the entity class glossary page is defined as it pertains to the methodology

and its use in this instance.

application of each follows:

1.

2.

Number — sequential; non-significant; assigned in the entity class pool.
Name — descriptive; a singular noun; must not be an abbreviation
Good: Purchase Order

Poor: Purch. Ord.

Label — meaningful, but in short-form; tied closely with name to ensure
compatibility and recognition.

Good: Purch. Ord. or Prod. Order

Poor: P.O.

Definition — precise; specific; complete; “universally” understandable.
Good: Employee: a person who performs specific duties for the
company over a duration of 20 or more hours per week and meets the
other stipulations of an employee as defined by the state employment
office.

Poor: Employee: a person who works for the Company.

Synonyms — other names for the entity; must be 100% congruous in
meaning; must be synonymous in context.

Entity Class Synonyms
Good: Purchase Order Purchase Authorization
Purchase Agreement

Poor: Purchase Order Purchase Request
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Definition of the entity classes can commence after the construction of the entity class pool.
Each entity class will have one definition page which contains the information about the

entity class that is known at the time.

A completed entity class definition page is exhibited in Figure 6-15.

6.3.2 Phase One Kits

The modeler is now ready to construct and circulate Phase One kits to the export reviewers.
Eventually, all members of the entity class pool will be defined and circulated through Phase
One to the expert reviewers, but the modeler is most interested in establishing adequate
definitions to circulate in kit form as early as possible. The modeler will therefore select
some number of these potential entity classes, usually 15 to 20 per kit, define them, and
release the kit for review and comment. While the review and comment cycle is going on, the
modeler will be defining additional entity classes and preparing additional kits which will
themselves be circulated for additional review and comment as well. The number of Kits to

be circulated during this phase is determined basically by two things:

1. The total number of entity classes.
2. The amount of revision and iteration required on the entity class
definitions.

The standard diagram form, previously described, is used as the basis for the Phase One kits.

The entity class definition page identification follows a prescribed pattern. Included are:

1. Node — a number comprised of the phase number, entity class number,
and glossary page number...

eg.. P1/ E26 (Gl

Glossary Page: 1
Entity Class: #E26

Phase: | (One)
2. Title — “Entity Class Definition:” followed by the entity class name...

e.g.. Entity Class Definition: Purchase Order

3. Number — Author Page Control (C) Number

An exmple of the entity class definition page labeling convention is shown in Figure 6-16.

31



32



€€

USED AUTHOR: DATE: WORKING READER: CONTEXT
AT: PROJECT: DRAEL
. . RECOMMENDED DATE:
NOTES: 12345678910 REV: PUBLICATION '
Entity d ass Nane:
Entity d ass Label:
Entity Class Definition:
Entity Cl ass Synonyn(s):
NODE: p1/EL (Gl) TITLE: Entity Class Definition: NUMBER:

Fiaure 6-14. Entity Class Definition Page




1%

USED  |AUTHOR; '-M Modeler DATE: 30 OCT 90} | WORKING READER: CONTEXT
AT: PROJECT: | DEF1 Wrk Shop ;":(A‘(';_I\FAMENDED
NOTES: 12345678910 REV: PUBL |CATION DATE:
Entity C ass Nane: Purchase Requisition
Entity C ass Label: Pur ch. Req.
Entity Class Definition: A Purchase Requisition reflects information which is used by the
Inventory Control Departnent to request the Purchasing Departnent to
Entity C ass Synonyns:
NODE: Pp1/EL (Gl) TITLE: Entity Cass Definition: Purchase Requisition NUMBER: | MVIL2

Figure 6-15. Completed Entity Class Definition Page




Node: Title: Number
Entity Class Definition:
C rroeode D

. Entity
Phase  Entity Glossary Class
| Class Page #1 Name
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Figure 6-16. Entity Class Definition Page Labeling

As indicated earlier, a Phase One kit typically consists of 15-20 entity class definition pages.
Each kit is prefaced by a standard kit cover sheet. A sample of a Phase One kit cover sheet,

as completed by the modeler, is exhibited in Figure 6-17.

The structure of Phase One kits is not complicated. Each Phase One kit is composed of 15-20
entity class definition pages, prefaced by a kit cover sheet. This structure is exhibited in
Figure 6-18.

Structuring the Phase One kits of about 15 to 20 entity classes per kit will provide, on the

average, 1 to 1 1/2 hours of review work for each expert per kit.

Once structured, the modeler must ensure that adequate copies of the kit can be reproduced
to meet the distribution requirements of the validation cycle. Then the originals of each page

are placed in the “current model file” until required again.
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6.4 Phase Two - Relation Class Definition

The objectives of this phase in the development of the model are threefold, two of which have
to do with the identification and definition of relationships and their representation as
relation classes. With the relation call definitions in hand the modeler can proceed with the
third objective: the construction of the entity class diagrams. All of the products of Phase
Two will emerge as the by-products of the effort to reach these objectives. They will finally
be joined together in the Phase Two kits, which serve as the vehicle for validation of the
model.
Following is a list of the products which result from the Phase Two effort.

1. Relation Matrix

2. Entity Class Diagrams

3. Relation Class Definitions

4, Entity Class Node Cross-reference

5. Reference Diagrams (FEOSs)

6. Phase Two Kits

15 -20 Entity Class
Definition Pages
Kit Cover Per Kit

Sheet

Figure 6-18. Phase One Kit Structure
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L

Entity Class Label

Figure 6-19. Phase Two Entity Class Box

To get started on this effort requires that the modeler become intimately familiar with the
basic structural figure of modeling—the entity class box. A sample is shown in Figure 6-19.
The symbol of an entity class is a simple rectangle with a small rectangle in the lower left
hand corner for the entity class label, and a small triangle in the upper left hand corner for

the entity class number.

The basic format used in the model diagrams is two entity class boxes connected by a straight
line. The line represents relationships between entities. The basic diagram format is
illustrated in Figure 6-20. This relationship is defined by adding symbols and phrases to the

connecting line. This process results in the identification of what is called the Relation Class.

Label A

@Figure 6-20. Entity Class Diagram Syntax

The initial step in Phase Two requires that the modeler understand the basic purpose served

by the Relation Class.

First of all, a relationship is a meaningful association between two entities. This is
illustrated in Figure 6-21. Here the relationship is between “Operator #862” and “Machine
#12678.” There are literally millions of these kinds of relationships pictured everyday—

between a car and a driver, an aircraft and a pilot, a system and a procedure, and so on.
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A relation class is the manner in which members of one entity class are associated with
(related to) members of another entity class (or to members of the same entity class). This is

illustrated in Figure 6-21, as well.

Operator #862 is assigned to Drill Press#12678

A

Entity Class: Entity Class:
Operator Machine
Operator IS AsSigned To Machine IFigure 6-21. Relation Class Label

There are two aspects of the relation class which serve to describe the relationship which

exists between the entities. They are the Relation Class Label and the Relation Class Ratio.

The relation class ratio serves to quantify (loosely) the number of relationships that may
exist for each member of an entity class. It also defines the functional (existential)
dependency that exists in the relationship. An existential dependency exists when the

association between two entities is such that one cannot exist without the other existing first.

In this kind of relationship, the entity class, which is not dependent on the other one, is
called the “independent” entity class; the entity class which is dependent on the other one is
called the “dependent” entity class.
There are three expressions of relation ratio used in IDEF modeling:

1. One-to-One (1:1)

2. One-to-Many (1:N)

3. Many-to-Many (M:N)
These relation ratios have a specific syntax so that they can be expressed graphically. Figure

6-22 shows the syntactical representation of each of the relation ratio variations. A full

diamond is used as the symbol representing a “zero, one or many” relationship, while a half-

39



diamond represents a “zero or one” relationship. Those relation classes where either of the
entity classes can exist independent of the other one are referred to as “non-specific” relation

classes; if either of the entity classes is dependent, the relation classes are referred to as

“specific.”
Non-specific Specific

4 4 4 V4

Label 1 Labed A | Label A 1 Label A
X
Ny
Vel

4 4 74 4

| LabeB | T | LabdB ] Label B ]

One-to-one Many-to-many One-to-one One-to-many

1) (M:N) (1:1) (LN)
Figure 6-22. Relation Class Ratio Syntax

Learning to read and interpret these expressions and variations is one of the academic
aspects of modeling. A closer look at the basic interpretation of this syntax will help you

understand them better.

Using the same example, Figure 6-22, the basic interpretation would be:
1. The “Non-Specific” Relation Classes

1:1 Each member of entity class “A” is related to zero or one member of
entity class “B”; conversely, each member of entity class “B” is related to
zero or one member of entity class “A.”

M:N Each member of entity class “A” is related to zero, one, or many
members of entity class “B”; conversely, each member of entity class “B”
is related to zero, one, or many members of “A.”

2. The “Specific” Relation Classes

1:1 Each member of entity class “A” is related to zero or one member of
entity class “B”; conversely, each member of entity class “B” is related to
exactly one member of entity class “A.”

M:N Each member of entity class “A” is related to zero, one, or many
members of entity class “B”; conversely, each member of entity class “B”
is related to exactly one member of entity class “A.”

Note: In the “specific” form of relation class expression, entity class “B”
is existentially dependent on entity class “A”; that is, the member of
entity class “A” to which the member(s) of entity class “B” is related,
must exist “before” the related member or entity class “B.”
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Once the relation class syntax has been selected, the modeler must select a label and develop
a definition for the relation class. The relation class label is a short phrase typically verb-
like, with a conjunction to the second entity mentioned (as a preposition introduces its
phrase). This phrase reflects the meaning of the relationship represented. Often, the
relation class label is simply a single verb, but verbs, adverbs and prepositions also make
frequent appearances in relation class labels. Once a relation class label is selected, the
modeler should be able to read the diagram and produce a meaningful sentence defining or

describing the relationship between the two entity classes.

In the case of the “specific” relation class form, there is always an entity class and a entity
class; the relation class label is interpreted from the “independent” end first, then from the

dependent. This is illustrated in Figure 6-23.

In the case of the “non-specific” relation class form, there are two relation class labels, one for
each entity class, separated by a “/” mark. In this case, the relation class labels are
interpreted from “top to bottom” or “left to right” (depending on the relative positions of the

entity classes on the diagram) and then in reverse. This is illustrated in Figure 6-24.

A Each member of entity class‘A’ isrelated to
zero, one, or many members of entity class ‘B’
Label A
Relation
— class
label
<&
B Each member of entity
class ‘B’ isrelated to exactly one
member of entity class‘A’
Label B
‘A’ isindependent
‘B’ is dependent

Figure 6-23. One-to-Many
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Each member of entity class‘A’ is
related to zero, one, or many members
of entity class‘B’

Label A

Relation class
label/Relation
class label

Each member of entity
class‘B’ isrelated to zero, one, or
many members of entity class‘A’

Label B

No functional dependency defined

Figure 6-24. Many-to-Many

The emphasis on the relation class labels is that they must carry meaning. There must be
some substance in what they express. The full meaning and the modeler’s rationale in
selecting a specific relation class label must be documented textually by what is called the
Relation Class Definition. The relation class definition is a textual statement explaining the
relation class meaning. The same rules of definition character apply to the relation class

definition as applied to the entity class definitions; they must be:
1. Specific
2. Concise

3. Meaningful

6.4.1 Basic Process

The first step in Phase Two is to identify the relation classes that are observed between
members of the various entity classes. This task requires the development of a Relation
Matrix as shown in Figure 6-25. A Relation Matrix is merely a two-dimensional array,
having a horizontal and a vertical axis. One set of predetermined factors (in this case all the
entity classes) is recorded along one of the axes, while a second set of factors (in this case,
also all entity classes) is recorded along the other. An “X” placed in the intersecting points
along which any of the two axes meet is used to indicate a relationship which may exist
between the entity classes involved. At this point, the nature of the relationship is

unimportant; the fact that a relationship may exist is sufficient.
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Once the Relation Matrix is completed, the modeler can start to produce rough drafts of the
entity class diagrams. Basically, the entity class diagrams at this stage represent a simple

translation from the Relation Matrix to IDEF1 diagram format.

One diagram is produced for each line, that is, each entity class represented on the horizontal
axis of the matrix. Each of these entity classes is the subject that is depicted in the center of
only one diagram. The entity classes to which they are related, as indicated by the “X”s in
the vertical axes of the matrix, are drawn to the top, sides, and bottom of the subject entity
class on the diagram. A sample “preliminary” or “rough draft” entity class diagram is
depicted in Figure 6-26. It is important to note that at this stage there has been no attempt

to define what kind of relationship is being reflected.

In the earlier material it was pointed out that there are two categories of relation classes: the
non-specific and the specific. In this phase of information modeling, all of the relation class
forms are legal for the modeler to use. The next step in preparing these preliminary
diagrams involves selection of the appropriate relation class form to apply to the lines
between entity classes. Once the proper symbols have been selected and drawn in on the
rough draft, the modeler can choose a label for the relation class; one that aptly and
succinctly describes the relationship represented. The modeler may choose to label some
non-specific one-to-one (1:1) relation classes as “unknown” if more information is needed to

understand the nature of the relationship represented.
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Now the modeler is ready to formalize the entity class diagram, based on the “rough drafts”
that have been completed. To begin with, a standard entity class diagram format is used in

the development of the formal entity class diagrams.

There are specific guidelines the modeler must follow with the formal entity class diagrams.

These are:
1. The “subject” entity class will always appear in the approximate center
of the page.
2. The “independent” entity classes should be placed above the subject
entity class.

3. The “dependent” entity classes should be placed below the subject entity
class.

4. The relation class lines radiate from the “subject” entity class box to the
related entity classes. The only relationships shown on the diagram are
those between the subject” entity class and the related entity classes.

5. Every relation class line has a label; in the case of non-specific relation
classes, the line has two labels, separated by a “/.”

6. The only exceptions to the basic formatting guidelines are the non-
specific relation class forms, which are frequently shown to the side of
the subject entity class box.

The modeler now must define the relation classes. This does not mean simply defining or
restating the syntactical interpretation of the diagram. Rather, it involves defining the
rationale behind the selection of the relation class syntax and relation class name. An

example of several relation class labels and their definitions is shown in Figure 6-27.
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Relation Class Label Relation Class Definition

Is authorized to Selected employees are

perform as authorized to perform as
buyers, and are provided
unique identification per-
taining to this role, dis-
tinct from their employee
identification.

Is Currently Each operator may be

assigned to assigned to some number
of work stations during
any shift, but this relat-
ionship reflects the one
the operator is assigned
to at the moment.

Figure 6-27. Relation Class Definition

It is important to keep in mind that the relation class definition must have meaning too. A
clear and precise definition will provide for a clear and precise understanding by the
reviewers. Relation class definitions must leave little room for doubt or confusion in order to

fulfill their intended purpose.

Now the modeler is ready to draft the node cross-reference statements and forms. The node
cross-reference is basically a restatement of the entity class diagram. It is through this
medium that interpretation of the diagram syntax is specifically illustrated. A sample of the
node cross-reference sheet is illustrated in Figure 6-28. The upper left-hand corner of one of
the fields for entity class names on each line is partially filled in, i.e. darkened in a triangular
figure. This indicates the starting point for interpreting the relationship illustrated on the
diagram. In Figure 6-28, for example, line number 1 would read, “Customer authorizes
contract spec. change.” Line number 2 would read, “Contract spec. change results in

engineering change.”

46



Ly

-$S049 9POU 3yl U0 PaledIpul SI 39U344NJ30 JO Olled 3yl JO UOIIBJIPUI OU Jey) 810U ases|d

I.M Model
USED AUTHOR: eler DATE: 30 OCT 90 WORKING READER: CONTEXT
AT: . | DEF1 Workstation DRAET
PROJECT:
) RECOMMENDED .
NOTES: 12345678910 REV: SUBL ICATION DATE:
" oo L/—\DEL i L/—\EL =~ ] RELATI ON CLASS LABEL
87 Contract Spec. Change Cust oner i AUt hor T Zes
34 Contract Spec. Change Engi neeri ng Change IN Results In
NODE ENtTrty Uass D aygrl dalll NUMBER | M\m88

P2/ E84 (x1)

TITLFI\:Iode Cr oss- Ref er ence: Contract

Speci fi cati on Change

—

Figure 6-28. Node Cr oss-Refer ences Sheet



reference. This is simply an aid in double checking the interpretation of the relation class
and diagram structure. The sentence structure to interpret the non-specific relation class
must be performed in two directions, one for each of the non-specific ends of the
relationships.
At this point the material available for each entity class set includes:

1. The entity class definition.

2. The entity class diagram.

3. The relation class definitions.

4, The near cross-reference.

The information about an entity class can be expanded by the addition of reference diagrams,

at the modeler’s discretion.

Relation Class Relation Class Relation Class
Alternative #1 Alternative #2 Alternative #3
5 12 5,
Purchase Req. | Part | 1
requestslis . »
s, }N;’mm o
12 5 12
Part Purchase Req. Part
1:1 Does not reflect 1:N iscloser, but we M:N appears to suit our
our operation correctly allow multiple parts per operation well, but will
Purchase Requisition require some refinement
inPhaselll
Preferred

Figure 6-29. Reference Diagram

Reference diagrams (diagrams For Exposition Only, sometimes called “FEOSs”) are an
optional feature available to the modeler, to which individual modeler conventions may be
applied. These diagrams are primarily platforms for discussion between the modeler and the
reviewer(s). They offer a unique capability to the modeler to document rationale, discuss
problems, analyze alternatives, and look into any of the various aspects of model
development. One example of a reference diagram is shown in Figure 6-29. This figure
depicts the alternatives available in the selection of a relation class and is marked with the

modeler’s preference.
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Another type of reference diagram, illustrated by Figure 6-30 depicts a problem confronted
by the modeler. In this example, the modeler has identified the problem and its complexities

for the reviewer'’s attention.

Topical Discussion

Real World Model Problem

serialized control

= 2
@ Part What happens to
3 A Part the model if

of partsis
Three instances One occurrence of required?
of part ‘@ which part ‘@ provides for
are not uniquely the quantity of three
identifiable

Figure 6-30. The “FEO” - A Reference Diagram

By this stage, the modeler has compiled sufficient information to begin the development and

distribution of Phase Two Kits.

6.4.2 Phase Two Kits

The kit structuring in Phase Two is somewhat different than kit structuring in Phase One
because it is more complex. An example of how a Phase Two Kit is structured is reflected in
Figure 6-31.

A kit cover sheet must be prepared for each kit. It must denote the content of the kit (lower

left-hand corner) as well as other pertinent information. A sample is shown in Figure 6-32.
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Figure 6-31. Phase Two Kit Structure

Once the specific entity classes to be included in a kit have been selected, a reference
diagram must be constructed which reflects the relationships between the “subject” entity
classes. This diagram is called the kit overview diagram. In some cases, all entity classes in
the kit will be directly related with one another, but, in others, the entity classes may be only
indirectly related, usually through other entity classes which are not included in the Kkit.
These indirect relationships are customarily reflected by enclosing the non-subject entity
class(es) within a large dotted line box and indicating textually that they are not included as
subject entity classes in the kit. This is illustrated in Figure 6-33. The kit overview

diagrams (included in kits as FEQs) are designed to:

1. Reflect the entity classes which are “subjects” of the Kit.

2. Inform the reader of what the general content of the kit is.

3. Show the relationship which exists between the “subjects” in the kit.
The specific content of the kit is primarily a function of the number of pages associated in
total with each entity class set and to a certain degree the level of complexity of the entity
class sets. The primary objective of the modeler at this point is to constrain the kits to a
point where no more than 1 1/2 to 2 hours of the reviewer’s time (maximum) will be occupied

in reviewing and commenting on any single kit. The general Phase Two kit sizing

parameters to meet are:
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1. 30-50 total printed pages per Kit.
2. 4-6 entity class sets per kit.

3. 1 1/2-2 hours of review time per kit per reviewer.

There are typically four to six pages of information per entity class set in Phase Two. This
statistic, coupled with two other aspects of kit structuring, will help in determining an
equitable kit sizing:

1. The node cross-reference pages for the “subject” entity classes in the kit

are extracted from the entity class sets and placed in a group toward
the front of the kit. These form an index of the contents of the Kkit.

2. The entity class definitions for the “subject” entity classes are included
with the entity class sets. The entity class definitions for the non-
subject (related) entity classes shown in the node cross-reference are
grouped near the front of the kit, to be used for reference only.

One of the efforts that consumes a lot of reviewer time is reading and commenting on the
pages where it is not really necessary. It is a good practice for the modeler to draw attention
to the reason for placing a page in the kit. Entity classes which are being released for the
first time should be clearly pointed out. On the other hand, if a page is inserted simply for
reference, then it should be clearly marked “For Reference Only” to avoid the reviewer
spending a lot of time commenting on this page. The “informal” page markings help the

reviewer focus attention on the appropriate aspects of the kit.

One important point to remember about the expansion which could occur in the Phase Two
process is that any new entity classes entered into the model at this point must meet all the

prior requirements of Phase One.

Whenever this occurs, the modeler is required to update the entity class pool and to proceed
with the development of a new entity class definition, before the entity class(es) can be used

in Phase Two material.
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6.5 Phase Three — Key Class Definitions

Phase Three of the IDEF1 methodology deals with the identification and definition of an
element of information about entities referred to here as Key Classes. The purpose of the
Phase Three activity is to identify those attributes by which each entity in an entity class can
be, uniquely identified. Phase Three expands upon the work done in Phase One and Phase

Two. This will be accomplished through the attaining of the following objectives:

1. Refine the “non-specific” relation classes carried over from the Phase

Two activity.

2. Identify the attribute classes readily observed within the context of the
model.

3. Identify the key classes. These are the identifiers of entities by which

they are uniquely identifiable one from the other.

4, Define the key attribute classes. These are the attribute classes which
are used in key classes.

5. Construct the attribute class diagrams. These are extensions of entity
class diagrams.

There are a significant number of products which result from Phase Three. These products

include:

53



1. Attribute class pool
2. Attribute class diagrams

3. Key Class identifications

4. Entity class/attribute class matrix
5. Key attribute class definitions
6. Inherited attribute class cross-reference

7. Attribute class migration index

8. Refinement alternative diagrams

9. Function view diagrams

10. Entity class/function view matrix

11. Phase Three Kits
Phase Three involves an extensive amount of product and a large number of activities. The
basic terms which are used in Phase Three areas follows:

1. Attribute

2. Attribute Class

3. Key Attribute Class

4. Non-Key Attribute Class

5. Key Class

6. Key Class Migration

7. Inherited (Shared) Attribute Class
The basic element of IDEF1 diagramming is the entity class box, but in Phase Three it begins
to take on characteristics which are different from those which have become familiar in
Phase Two. The primary difference is the inclusion of certain attribute classes in the

“subject” entity class box. An illustration of the Phase Three entity class box is shown in
Figure 6-34.

54



Key Classes .
/ ] Entity
—\/ Class
(Employee No.) Box
(Social Security No.) Non-key
’5— Attribute
Department ~ — Class
Entity
Cl
Employee 3 | o4 X Ngd$e
N~ Number
Entity Class Label
Figure 6-34. Phase Three Entity Class Box

It is important at this point that the definition and the meaning of the terms attribute and
“Attribute Class” be reemphasized. An attribute is a property or characteristic of an entity.
Attributes are composed of a name and a value. In other words, an attribute is one element
of information that is known about a particular entity. Attributes are descriptors; they tend

to be adjective-like in nature.

An example of some attributes and their respective entities, is shown in Figure 6-35. Note
that the first entity, or individual, is identified with an employer number of “1” and the name
associated with the entity is “Smith;” and that the job of the entity is “operator.” These
attributes, taken all together, describe the entity uniquely and separate that entity from
other similar entities. Every attribute has both a name and a value. It is the unique

combination of attribute values which describes a specific entity.

Employee No. 1

Name = Smith

Job = Operator .

per Every attribute has

anameand avalue

Employee No. 2

Name = Jones

Job = Supervisor i L
A unigue combination
of attribute values
describes a specific entity

Employee No. 3

Name = Starbuck

Job = Pilot

Figure 6-35. Attribute Examples

An attribute class represents a collection of attributes of the same name which apply to all

the entities of the same entity class. Attribute class names are typically singular
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“descriptive” nouns. In the example of the entity class “employee,” there are several

attribute classes including:
1. Employee number
2. Employee name

3. Employee job/position

An example of how attributes are represented as attribute classes is shown in Figure 6-36.
The attribute values belong to the entities. But the attribute classes themselves belong to
the entity class. Thus, an “ownership” association is established between an entity class and

some number of attribute classes.

An attribute class has only one owner. An owner is the entity class in which the attribute
class originates. In our example, the owner of the attribute class “employee number” would
be the entity class “employee.” Although attribute classes have only one owner, the owner
can “share” the attribute class with other entity classes. How this works will be discussed in

detail in later segments.

An attribute class represents the use of an attribute to describe a specific property of a
specific entity. Additionally, some attribute classes represent the use of an attribute to help

uniquely identify a specific entity. These are informally referred to as key attribute classes.

Phase Three focuses on the identification of the “key” attribute classes within the context of

our model. In Phase Four the “non-key” attribute classes will be identified and defined.

One or more key attribute classes form the “Key Class” of an Entity Class. A Key Class is
defined as one or more key attribute classes used to represent the attributes required to
uniquely identify each member (each entity) of an entity class. An employee number is an
example of one attribute class being used as a Key Class of an entity class. Each employee is
identified from all the other employees by an employee number. Therefore, employee
number is the key class which we can say uniquely identifies each member of the entity class

employee.
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Entity Attributes Entity Class: Employee
Attribute Classes (of
No: 1 employee):
Name: Smith
Job: Operator
Employee
No.
No: 2
Name: Jones Name
Job: Supervisor
No: 3
Name: Starbuck Job
Job: Pilot
Figure 6-36. Attribute Classes Example

Key classes are included within the entity class box of the subject entity class on attribute
class diagrams. Key classes are always underscored. There are several “visual” forms of key
classes. The first of these is informally called the “simple” form. A “simple” Key Class is
composed of a single “key” attribute class. A second visual form that a Key Class can take is
formally called the “compound” form. A “compound” Key Class is made up of more than one
“key” attribute class. Each of the attribute classes which make up a “compound” Key Class is
separated by commas, but the entire Key Class is still underscored. A third visual form
which a Key Class can assume is called “alternate” or “equivalent” Key Class. It must be
emphasized that alternate key classes are exactly and precisely equivalent to their
counterpart. That is, either Key Class will result in the same unique identification of
precisely the same entity (member of the entity class). Alternate key classes may be either
simple or compound. In either event, each alternate Key Class is parenthetically enclosed
and underscored within the parentheses. Attribute classes which are used as part of a Key
Class are often referred to as Key Attribute Classes or Key Class Members. An example of

the various Key Class forms is shown in Figure 6-37.

. Alternate
Simple Compound (Equivalent)
Key Class Key Class Key Class
Employee No. P.O. No., P.O. (Employee No)
Item No. (Social
Security No.)
Employee | Pur.Ord.Item I Employee I

Figure 6-37. Key Class Forms
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Earlier, it was mentioned that the entity class which “owns” an attribute class can “share” it
with another entity class. Attribute classes become shared through the process of Key Class
migration. Key Class “migration” is when “key” attribute classes are moved from one entity
class to another. The rules which govern Key Class migration are as follows:

1. Migration always occurs from the independent to the dependent entity
class in the related pair.

2. The entire Key Class (that is, all attribute classes which are members of
the Key Class) must migrate once for each relation class shared by the
entity class pair.

3. Non-key attribute classes never migrate.

Attribute classes that migrate from one entity class to another are called “Inherited” or
“Shared” . An inherited attribute class must be a key attribute class (a member of a Key
Class) of the entity class from which it migrated, but an inherited attribute class does not
always have to be a member of the Key Class of the entity class to which it migrated (by
which it is inherited). All attribute classes are either owned or inherited by the entity class

with which they are associated.

An example of the migration of an attribute class from one (independent) entity class to
another (dependent) entity class is shown in Figure 6-38. In this example, purchase order
number (the Key Class of the entity class purchase order) migrates to (is inherited by) the
entity class purchase order item. It is then used by purchase order item as a member of its
Key Class in conjunction with another attribute class “owned” by purchase order item, which
is called purchase order item number. The two attribute classes (purchase order number and

purchase order item number) form the Key Class for the entity class purchase order item.

P.O. Number
B L~ Independent
7’
R
4 Purchase
/ Order
[ Related
1 Is Entity
\ For Class
\ ‘pair’
N P.O. Number,
‘\ P.O. Item No.
Purchase Order ~/ Dependent
ltem
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Figure 6-38. Key Class Migration

The process of Key Class migration is one of the techniques used to drive the model in total to
the next lower level of detail. Before Key Class migration can be accomplished, the modeler
must first resolve all non-specific relation classes carried over from Phase Two. This
resolution causes the stabilization of the functional (existential) dependencies within the
model. You may recall from our Phase Two discussion that functional dependency is

reflected only in the specific relation class syntax.

6.5.1 Phase Three Process

Phase Three of the IDEF1 information modeling technique is composed of the following

processes:
1. Refine “non-specific” relation classes.
2. Construct function view diagrams.
3. Initiate construction of attribute class pool.

4. Identify key classes.
5. Define key attribute classes.
6. Formalize Phase Three entity class sets.

7. Build and distribute Phase Three Kits.

The first step in this phase is to insure that all non-specific relation classes observed in Phase
Two have been refined. Phase Three requires that only a “specific” relation class form be
used; either the specific one-to-one or specific one-to-many. Figure 6-39 illustrates the
“specific” form. To meet this requirement, the modeler will employ the use of “refinement”
alternatives. A alternative diagram is a type of reference diagram. They are normally
divided into two parts: the left part deals with the subject (the “non-specific” relation class to
be refined), while the right part deals with the refinement alternative. An example of a

refinement alternative dealing with a many-to-many resolution is exhibited in Figure 6-40.

The process of refinement of relation classes translates or converts the non-specific relation
classes into some number of “specific” relation classes. Out of this process new entity classes

frequently evolve. It is in Phase Three that we now begin to see a new kind of entity class.
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In all earlier phases we've been working with what we might informally call the “natural”
entity classes. A natural entity class is one which we will probably see evidenced in the
source data list or in the source material log. A “natural” entity class would include such

names as:
1. Purchase order
2. Employee

3. Buyer

Label A Label A |

Independent

\/‘ Dependent

Label B I Label B I
One-to-One One-to-Many
(11 (LN)

Figure 6-39. Specific Relation Classes

It is now during Phase Three that we begin to see the appearance of what may informally be
called the entity class. Figure 6-41 is an example of a “derived” entity class. In this
example, a “derived” entity class is used to represent the ways in which purchase requisition
items are related to purchase order items. Notice that a derived entity class name label is
somewhat different in character than the object nouns typifying the natural entity classes. It
is also not unusual to tag the entity class both of a derived entity class with an entity class
description to clarify the reason for the existence of the entity class. One of the subtle
differences between the natural and derived entity classes is in the entity class names.
Typically the entity class name for natural entity classes is a singular common noun. On the
other hand, the entity class name of the derived entity classes is often an artificial type of

noun.

The derived entity class is somewhat more abstract in nature and normally results from the

application of rules governing the validity of entity classes which are first applied in Phase
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Three. The first of these rules is the rule requiring refinement of all “non-specific” relation

classes. This process of refinement is the first major step in stabilizing the integrated

information structure.

This process of refinement involves a number of basic steps, including:

1. The production of one or more rough draft refinement alternatives for
each “non-specific” relation class.

2. The selection by the modeler of a preferred alternative which will be
reflected in the Phase Three diagrams.

3. The updating of Phase One information to accommodate inclusion of
new entity classes resulting from the refinement.

4. The updating of Phase Two information to accommodate utilization of
new entity classes resulting from the refinement.

Once refinement is completed, the modeler can begin to determine the “functionality” of the

model.
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6.5.2 Function View FEOs

Typically, the volume and complexity level of the information model at this point is becoming
appreciable. It was quite natural during Phase One to evaluate each entity class
independently of the other entity classes, because the entity classes were simply definitions
of words. In Phase Two, it is practical to continue evaluating one entity class at a time,
because the total volume of entity classes is usually not so large as to prohibit the
development of a mental image of the whole model at one time. In Phase Three, the volume
of entity classes and the complexity of relationships being reflected in the model is such that
an individual can no longer retain a total mental image of the meaning of the model. The
model must be reviewed and validated from a new perspective. This perspective enables the
evaluation of the model in a fashion more directly related to the “functional” aspects of the
enterprise being modeled. This perspective is represented by what is called the “function
view.” A function view is a general diagram For Exposition Only (FEO). Its purpose is to
establish some limited context within which portions of the model can be evaluated at one
sitting. The primary characteristics of a function view are as follows:

1. A function view deals with a single topic. The topic might be a
document, a report, or a process.

What the function view reflects is the cluster of entity classes and

relation classes which represent the information structure of the
document, report, or process.
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2. Typically, a function view is limited to 25 to 30 entity classes. This is
simply a practical limitation established to facilitate the development
and maintenance of a mental image of the topic and related information
structure on the part of the reader.

The reason for the Function View Diagram is to focus attention on particular aspects of the
information model. By time the Phase Three refinement is nearing completion, an
information model is a relatively complex object. Because of this complexity different images
will be perceived in the model by different individuals. The model at this stage might be
likened to a collage of lines and images. The interpretation of the perceiver of the model will
vary somewhat based on the perspective. This variance in perception is like the perception
which takes place in an “ink blot” examination, or some similar type exercise. In a model
which is being utilized to facilitate requirements definition, though, wide variances of

perception are intolerable.

Figure 6-42 depicts an excellent example of this type of perception problem that can produce

an extreme difference of opinion.

Which figure, do you see first? The old woman? Or the young woman? Have you now seen

them both?

What could have helped you find them more quickly? More easily?

Young Woman?

Old Woman?
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Figure 6-42. Perspective

One of the tools by which perspectives of the information model can be examined is through
the use of function view diagrams. These are diagrams which emphasize specific
characteristics or features of the perspective. The connections, key relationships, etc., are
used to draw attention onto the proper perspective. An analogy can be drawn from the “old

woman/young woman” example.

Figure 6-43. Perspective Number One

4, O
,,:./”0//;7
&,
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Figure 6-44. Perspective Number Two

If it were possible to develop a set of glasses which would “see” only the aspects of one image
or the other, the ability to distinguish between the two would be much keener. Those glasses
could be referred to as the “function views,” and one pair would be required for each view
(perspective). Figure 6-43 illustrates “perspective” number one, Figure 6-44 “perspective”

number two.

The function view is very much like colored, “perspective sensitive” glasses. Each function
view causes the focus of attention to be on a particular subset of the information model and
causes a particular image (the image of the topic) to appear and other images to go away.
This does not change the content of the model. It simply adjusts the focus of the reviewers to

a particular perspective.

Obviously, function views can be instrumental in the evaluation and validation of the
information model. Just as obviously, the modeler must exercise some care in the
determination or selection of topics illustrated in a function view. Two methods which have
been used with some success are:

1. Select sample source material to use as the topic of a function view. For
example, a purchase order, etc.

2. Relate the function view to job categories, or specific processes,
represented by the administrative groups or functional areas identified
as sources in Phase Zero.

A Function View Diagram is basically a type of reference diagram. It is For Exposition Only—
a FEO. Function View Diagrams represent a single topic on which they focus. They may
involve, however, some 25 to 30 entity classes. Each of the entity classes and selected
relation classes which are included in the function view are there because they contribute to
the topic, which is the subject of the function view. Anything that does not directly
contribute to the topic is de-emphasized as “transparent” to the function view. The function
view then reflects some portion of the existing model. It must be emphasized that anything
within the context of the function view (any entity classes, relation classes, key classes, etc.)

must be in the model proper. If, in the process of constructing a function view some entity
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classes are discovered (more than likely, derived), they must be then added to the model,

starting with the entity class pool and proceeding on through the modeling activities.

The purpose of the function view is to represent some clustering of entity classes and relation

classes. This information may be that which is:
1. Required to reconstruct a document (perhaps some source material).

2. Required to reconstruct information used in, by, or produced by a
process (perhaps something which has been observed and documented).

In Figure 6-45 for example, the information within the sample function view can be used to
reconstruct a purchase order, or to reconstruct a report about some number of purchase
orders. When constructing a function view, the author must have in mind the topic, so that it

can be precisely expressed.

The information which can be reconstructed using the function views may not always be that
kind of information commonly found in paper form. In fact, it may be information which is

most often used in the form of an inquiry, such as when trying to:
1. Determine where something is stocked.

2. Determine where something can be stocked.

Figure 6-46 is in example of a function view which might deal with such a topic. This
function view perhaps relates more to information used in a process than it does information
used in a document and it is extremely important that the modeler be precise about the
intent of the function view. This involves developing a function view description which is a
textual definition of the topic of the function view. It should highlight both the purpose of
the function view and the viewpoint of the function view. The reviewer needs to know and to
understand what the cluster of entity classes is intended to represent and to whom it would
be important. An additional area which should be included in the function view description
is some textual or graphic definition of how this function view relates to the scope of the

model as defined in Phase Zero.

It would seem feasible to represent the entire information model at some point in a series of
interlocking function views, somewhat like putting together a jigsaw puzzle. Picking up one
piece of the puzzle and looking at it, without an understanding of the total context within

which the piece fits may make it somewhat difficult to relate to.
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The point being illustrated here is that in order to optimize the understanding of the function
view, the modeler must precisely define how he intends the function view to be used and by
whom. That way reviewers with varying perspectives and purposes can properly relate to

the viewpoint projected, and comment intelligently.

A function view is used to focus attention on a single topic and how that topic fits into the
model. It helps the reader relate to the detail of the model within the context of the defined

scope.

An added value of the function views is that the process of constructing them, the modeler
frequently discovers the need for additional “derived” entity classes to express the meaning of
information being represented. This aspect of the function view makes it a practical aid in

the Phase Three refinement process.

6.5.3 Attribute Class Pool

The next step in the Phase Three process is to initiate construction of the attribute class pool.
An attribute class pool is very similar to the entity class pool except that it is a collection of
potentially viable attribute class names. Each name in the attribute class pool occurs only

once and each is assigned a unique identifying number.
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Figure 6-45. Purpose of the Function View
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The process of constructing the Phase Three attribute class pool is similar in nature to
construction of the entity class pool as well. In Phase One, when constructing the entity class
pool, we extracted names from the Phase Zero source data list which appeared to be object
nouns. Now we will return to the source data list and extract those nhames which appear to
be “descriptive” nouns. Descriptive nouns (nouns which are used to describe objects) most

commonly represent an attribute class.

Figure 6-47 reflects one page 