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Foreword

ISO (the International Organization for Standardization) and |IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are memb

rs of

ISO or IEC participate in the development of International Standards through technical committees establ

shed

by the respective organization to deal with particular fields of technical activity. ISO and IEC. teChnical

committees collaborate in fields of mutual interest. Other international organizations, governmental-and
governmental, in liaison with ISO and IEC, also take part in the work. In the field of information technology
and IEC have established a joint technical committee, ISO/IEC JTC 1.

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordin
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE-develops its stan
through a consensus development process, approved by the American National Standards Institute,

brings together volunteers representing varied viewpoints and interests to achieve the final product. Volur
are not necessarily members of the Institute and serve without compensatiafi.,\While the IEEE administe
process and establishes rules to promote fairness in the consensus development process, the IEEE dog
independently evaluate, test, or verify the accuracy of any of the information contained in its standards.

The main task of ISO/IEC JTC 1 is to prepare International Standards. Draft International Standards ad

non-
, ISO

ating
Hards
vhich
teers
s the
s not

bpted

by the joint technical committee are circulated to national bodies for voting. Publication as an Internalional

Standard requires approval by at least 75 % of the national baedies casting a vote.

Attention is called to the possibility that implementation-of this standard may require the use of subject n
covered by patent rights. By publication of this standard, no position is taken with respect to the existen
validity of any patent rights in connection therewith. ISO/IEEE is not responsible for identifying ess
patents or patent claims for which a license may.be required, for conducting inquiries into the legal valid
scope of patents or patent claims or determining whether any licensing terms or conditions provid
connection with submission of a Letter of Asstrance or a Patent Statement and Licensing Declaration Fg

natter
ce or
ential
ity or
ed in
rm, if

any, or in any licensing agreements are feasonable or non-discriminatory. Users of this standard are expfessly

advised that determination of the validity of any patent rights, and the risk of infringement of such righ
entirely their own responsibility. - Eurther information may be obtained from ISO or the IEEE Stan
Association.

ISO/IEC/IEEE 31320-1 was-prepared by the Software & Systems Engineering Standards Committee ¢
IEEE Computer Society.(as IEEE 1320.1-1998). It was adopted by Joint Technical Committee ISO/IEC J
Information technology,-Subcommittee SC 7, Software and systems engineering, in parallel with its app
by the ISO/IEC -national bodies, under the “fast-track procedure” defined in the Partner Stan
Development Organization cooperation agreement between ISO and IEEE. IEEE is responsible fo
maintenance-of-this document with participation and input from ISO/IEC national bodies.

ISO/IEC/IEEE 31320 consists of the following parts:

— ISO/IEC/IEEE 31320-1, Information technology — Modeling Languages — Part 1: Syntax and Semg
for IDEFO

ts, is
jards

f the
rcC 1,
roval
Hards
r the

antics

— ISO/IEC/IEEE 31320-2, Information technology — Modeling Languages — Part 2: Syntax and Semantics

for IDEF1Xg; (IDEF ypjec)
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Abstract: IDEFO function moedeling is designed to represent the decisions, actions, and activities
of an existing or prospective’ organization or system. IDEFO graphics and accom-panying texts
are presented in an orgahized and systematic way to gain understanding, support analysis,
provide logic for poténtial changes, specify requirements, and support system-level design and
integration activities; ~ IDEFO may be used to model a wide variety of systems, composed of
people, machines, materials, computers, and information of all varieties and structured by the
relationships @mong them, both automated and nonautomated. For new systems, IDEFO may be
used first to-define requirements and to specify functions to be carried out by the future system.
As the_basis of this architecture, IDEFO may then be used to design an implementation that
meets\these requirements and performs these functions. For existing systems, IDEFO can be
used\to analyze the functions that the system performs and to record the means by which these
are\done.
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the committees
serve voluntarily and without compensation. They are not necessarily members of the Institute. The
standards developed within |EEE represent a consensus of the broad expertise on the subject within the
Ingtitute as well as those activities outside of IEEE that have expressed an interest in participating in the
development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that
there are no other ways to produce, test, measure, purchase, market, or provide other goods and services
related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the time a standard is
approved and issued is subject to change brought about through developments in the state of the art"and
comments received from users of the standard. Every |EEE Standard is subjected to review atleast every
five years for revision or reaffirmation. When a document is more than five years old and has not been
reaffirmed, it is reasonable to conclude that its contents, although still of some value, do net wholly reflect
the present state of the art. Users are cautioned to check to determine that they havetthe latest edition of
any |EEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardliess of
membership affiliation with IEEE. Suggestions for changes in documentsvshould be in the form of a
proposed change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they
relate to specific applications. When the need for interpretations is brought to the attention of 1EEE, the
Institute will initiate action to prepare appropriate responses. Since | EEE Standards represent a consensus
of al concerned interests, it is important to ensure that any interpretation has also received the
concurrence of a balance of interests. For this reason, |IEEE and the members of its societies and
Standards Coordinating Committees are not able te>provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, [EEE-SA Standards Board
445 Hoes'Lane

P.Q. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may require
use of 'stibject matter covered by patent rights. By publication of this standard, no position is
takerwith respect to the existence or validity of any patent rights in connection therewith.
The1EEE shall not be responsible for identifying patents for which alicense may be required
by an IEEE standard or for conducting inquiries into the legal validity or scope of those
patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by
the Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to
Copyright Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; (978) 750-8400. Permis-
sion to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.
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Introduction

(This introduction is not part of IEEE Std 1320.1-1998, |IEEE Standard for Functional Modeling Language—Syntax
and Semantics for IDEFO.)

This standard formally documents the Integration Definition O (IDEFO) language for function models in
two parts The body of thrs standard deﬂ:rrbes the syntax and semantics of the IDEFO Ianguage that are

semantics of the IDEFO language as an abstract formal structure and therefore provides the foundation
for the specifics found in the body of the standard. The diagrams discussed by the standard are-freal
instantiations in a concrete model of the mathematical formalisms of the IDEFO Language Abstract
Formalization (the “language formalization”).

Background

During the 1970s, the US Air Force Program for Integrated Computer Aided‘Wanufacturing (ICAM)
sought to increase manufacturing productivity through systematic application,of computer technology.
The ICAM program identified the need for better analysis and communication techniques for people
involved in improving manufacturing productivity.

As a result, the ICAM program developed a series of modeling, methodologies known as the ICAM
Definition (IDEF) methods, which include

a) |IDEFO, used to produce a function model. A funiction model is a structured representation of the
functions within a system or subject area.

b) IDEFL, used to produce an information~model. An information model represents the structure
and semantics of information within a system or subject area.

c) IDEF2, used to produce a dynamics model. A dynamics model represents the behavior of a
system or subject area as it varies over time.

IDEFO was derived from a well~established graphical modeling method known as the Structured Analysis
and Design Technique (SADT). IDEFO was developed by the originators of SADT, notably Douglas T.
Ross, under the ICAM_program. In 1983, the US Air Force Integrated Information Support System
program enhanced thé IDEF1 information modeling technique to develop IDEF1 extended (IDEF1X), a
semantic data modeling method.

Continued |IDEE method developments followed to address needs for additional analytic methods. These
follow-on-devel opments have been directed toward providing a mutually supportive family of methods that
are applicable to a broad range of enterprise improvement and integration strategies (e.g., concurrent
engineering, total quality management, business reengineering). Reflecting this general applicability, the
IDEF acronym has been recast to refer to an integrated family of Integration Definition methods.
Currently, IDEFO and IDEF1X techniques are widely used in the government, industrial, and commercial
sectors, supporting modeling efforts for a wide range of enterprises and application domains. IDEFO has
been widely adopted as the function modeling method of choice in large number of both military and
nonmilitary organizations in both North America and Europe.

In 1991, the Nationa Institute of Standards and Technology (NIST) received support from the US
Department of Defense, Office of Corporate Information Management (DoD/CIM), to develop Federal
Information Processing Standards (FIPS) for modeling techniques for use by the federal government. One

Copyright © 1998 IEEE. Al rights reserved. iii
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product of this effort was FIPS PUB 183, Integration Definition for Function Modeling (IDEF0) [B2].2
This FIPS document was based on the IDEF specification manuals published by the US Air Force in the
early 1980s. At the same time, NIST also published FIPS PUB 184, Integration Definition for Information
Modeling (IDEF1X) [B3], to support data modeling for the federal government.

In 1993, the Institute of Electrical and Electronics Engineers (IEEE) Computer Society initiated a project
to establish IDEF standards across both industry and government within the standards framework of the
American National Standards Institute (ANSI). IEEE Std 1320.1-1998 for IDEFO function models, based
on FIPS PUB 183 [B2], isaresult of that effort.

This standard is explicitly oriented to the presentation of an IDEFO model on paper pages; devel opment of
an IDEFO standard for other presentation media is deliberately not addressed by this document. However,
integrated into this standard is a mathematically founded formalization of an IDEFO madely” This
formalization alows users to separate what they conceive in conceptual space, that is, the modd itself,
from their presentation of that model and from their presentation media In earlier work,\the IDEFO
diagram was not considered as something that should or could be distinguished from the paper page that
presents that diagram. However, the current formalization alows (indeed, forces) users to separate the
abstract structure of an IDEFO model from the physical structure of the presentation,of that model using
sheets of paper. An important conceptual and notational difference between this work and earlier work is
the clear distinction between an IDEFO graphic diagram and the medium, &0+, a page of paper, that is
used to present that diagram.

New terminology has been presented to ensure that this distinction ¢an'be easily maintained, and a more
robust categorization of both the components of an IDEFO modet~and of an IDEFO diagram has been
introduced. This terminology ensures that the usage presented™in the body of this standard is consistent
with the formalization presented in Annex B. In addition, these changes to the IDEFO vocabulary will
facilitate the development of IDEFO presentations in digital or other media

The IDEFO approach

IDEFO includes both a modeling language and a comprehensive methodology for developing models. This
standard addresses only the syntax and ‘semantics of the modeling language itself.

In addition to definition of the /DEFO language, the IDEFO methodology also prescribes procedures and
techniques for developing and” interpreting models, including ones for data gathering, diagram
construction, review cycles,.and documentation.

IDEFO function modeling is designed to represent the decisions, actions, and activities of an existing or
prospective organization or system. For all its apparent simplicity, the method is surprisingly powerful
and effective,-Llike most modeling methods, the primary component of IDEFO is a graphical language
whose congtruets are intended to convey information of a certain sort. IDEFO graphics and accompanying
texts are{presented in an organized and systematic way to gain understanding, support analysis, provide
logic~for~potential changes, specify requirements, and support systems-level design and integration
activities. IDEFO may be used to model a wide variety of systems, composed of people, machines,
materials, computers, and information of all varieties and structured by the relationships among them,
both automated and nonautomated For new systems, IDEFO may be u%d f|rst to deﬂne reguirements and

then be used to deﬂ gn an |mpI ementat|on that meets these reqw rements and performs these functlons For

&The numbersin brackets correspond to those of the bibliography in Annex A.

Copyright © 1998 IEEE. All rights reserved.
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existing systems, IDEFO can be used to analyze the functions that the system performs and to record the
means by which these are done.

The result of applying IDEFO to a system isamodel that consists of a hierarchical series of diagrams, with
accompanying explanatory text, illuminating graphical, and defining glossary pages that are cross-
referenced to these diagrams. The two primary modeling components of a diagram are functions
(represented by named boxes) and the physical and data objects that interrelate those functions
(represented by labeled arrows).

As afunction modeling language, IDEFO has these characteristics:

a) It is comprehensive and expressive, capable of graphically representing a wide variety’ of
business, manufacturing, and other types of enterprise operations to any level of detail.

b) It is a coherent and simple language, allowing rigorous and precise expression and promoting
consistency of usage and interpretation.

c) It enhances communication among analysts, architects, developers, managers,”and users through
its ease of learning and its emphasis on hierarchical exposition of detail:

d) Itiswell-tested and proven through many years of use by the USAir Force and other government
agencies and by private industry.

€) It can be generated by a variety of computer-based tools; several commercial products specifically
support development and analysis of IDEFO diagrams-and models.

As a system engineering technique, IDEFO may be usetfor performing and managing needs analysis,
benefits analysis, requirements definition, functional analysis, systems design, maintenance, and baselines
for continuous improvement. IDEFO models provideca “blueprint” of functions and their interfaces that
must be captured and understood in order to, make systems engineering decisions that are logical,
affordable, integratable, and achievable. When used in a systematic way, IDEFO provides a systems
engineering approach to

a) Performing systems analysisland design at al levels, including the entire enterprise, a system, or
asubject area;

b) Producing referente documentation concurrent with development to serve as a basis for
integrating new systems or improving existing systems;

c) Allowing(collaborative team consensus to be achieved by shared understanding;
d) Managing large and complex projects using qualitative measures of progress; and

€) URroviding a reference architecture for enterprise analysis, information engineering, and resource
management.

Typographic conventions

A word that has a special meaning for IDEFO is italicized the first time that it is used in its specific sense
for IDEFO. There will be an entry in Clause 2 for each italicized word.

Copyright © 1998 |IEEE. All rights reserved. \
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Figure conventions

The figures in this document have been prepared using the IDEF standard diagram form (SDF). The SDF
and its use are documented by both FIPS PUB 183 [B2] and FIPS PUB 184 [B3]. FIPS PUB 183 [B2] does
not standardize the SDF; instead, the SDF is covered in an informative annex. In keeping with this
precedent, this standard also refrains from addressing the SDF as an element of IDEFO language
standardization.

The IDEF SDF Is designed for use and presentation on conventional 8%2-by-11-inch paper sheets.
Therefore, to preserve this conventional size, the figures for this document have been collected at the end
of the document rather than being interspersed with the text.

vi Copyright © 1998 IEEE. All rights reserved.
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|IEEE Standard for Functional

Modeling Language—
Syntax and Semantics for IDEFO

1. Overview

This standard provides reguirements for the construction of semantically and syntactically correct
Integration Definition 0 (IDEFO) models and diagrams. A model or¢diagram conforms to this standard if
it adheres to all mandatory provisions (marked by the verbs “shall” @n*is’) of this standard.

Annex C of this document collects the figures that are referenced in the body of the standard and in
Annex B.

1.1 Scope

The body of the standard describes the modeling:language (syntax and semantics) that supports the IDEFO
method for developing graphical representations of a system or subject area. The clauses that follow
govern the physical construction of IDEF® models that represent functions, functional relationships, and
the physical and data objects required by those relationships.

This part of the document is divided into 10 clauses. Clause 1 provides an overview of this part of the
standard. Clause 2 defines Key terms. Clause 3 discusses the concept of an IDEFO model. Clause 4 defines
the syntax of the IDEFQanguage. Clause 5 defines the semantics of the language. Clause 6 describes the
different types of IDEFQ diagrams. Clause 7 presents the different types of IDEFO model pages. Clause 8
provides details anthe various features of an IDEFO diagram. Clause 9 defines IDEFO reference
expressions. Finally, Clause 10 defines IDEFO diagram feature references.

Documentation of best commercial practices and guides to recommended usage are beyond the scope of
this document.

1,2 Purpose

The objectives of this part of the standard are to prescribe the construction and components of an IDEFO

model and to define the correct syntax and semantics for construction of an IDEFO diagram within an
IDEFO model.
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2. Definitions, acronyms, and abbreviations

This clause contains definitions of important IDEFO terms used in this standard. Terms used in a
definition that are defined elsewhere in this clause are italicized.

2.1 Definitions

2.1.1 A-0 context diagram: The only context diagram that is arequired for avalid IDEFO model, the A-
0 diagram contains one box, which represents the top-level function being modeled, the inputs, controls,
outputs, and mechanisms attached to this box, the full model name, the model name abbreviation, the
model’ s purpose statement, and the model’ s viewpoint statement.

2.1.2 A-0diagram: See: A-O context diagram.

2.1.3 activation: One occurrence of a function’s transformation of some subset of its inputs into some
subset of its outputs.

2.1.4 activation constraint: A function’s requirement for the presence of a‘nonempty object set in a
particular arrow role as a precondition for some activation of the function.

2.1.5 activity: See: function.

2.1.6 ancestral box: A box related to a specific diagram by a hierarchically consecutive sequence of one
or more parent/child relationships.

2.1.7 ancestral diagram: A diagram that contains ancaneestral box.

2.1.8 arrow: A directed line, composed of one er.more connected arrow segments in a single diagram
from a single source (box or diagram boundary) to a single use (box or diagram boundary). See also:
arrow segment, boundary arrow, internal arrow.

2.1.9 arrow label: A noun or noun phrase associated with an arrow segment to signify the arrow
meaning of the arrow segment. Specifically, an arrow label identifies the object type set that is represented
by an arrow segment.

2.1.10 arrow meaning;.-The object types (e.g., a physical thing, a data element) of an object type set,
regardless of how these ‘ebject types may be collected, aggregated, grouped, bundled, or otherwise joined
within the object type set.

2.1.11 arrow.reference: See: ICOM code.
2.1.12 _arrow role: The relationship between an object type set represented by an arrow segment and the

activity represented by the box to which the arrow segment is attached. There are four arrow roles: input,
control, output, and mechanism.

2.1.13 arrow segment: A directed line that originates at a box side, arrow junction (branch or join), or

diagram boundary and terminaes ar the Next boxX Side, arrow Junction (bramncit or join), or diagram
boundary that occurs in the path of the line.

2.1.14 boundary arrow: An arrow with one end (source or use) not connected to any box in a diagram.
Contrast: internal arrow.
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2.1.15 boundary ICOM code: An ICOM code that maps an untunneled boundary arrow in a child
diagram to an arrow attached to the parent box that is detailed by that diagram.

2.1.16 box: A rectangle containing a box name, a box number, and possibly a box detail reference
andrepresenting a function in a diagram.

2.1.17 box detail reference: A square enclosure encompassing a box number, which indicates that the

box s decomposed or detaited by aciitd diagranT.

2.1.18 box ICOM code: An ICOM code that maps a tunneled boundary arrow to an arrow attached to
some ancestral box.

2.1.19 box name: The verb or verb phrase placed inside a box that names the modeled function. A
boxtakes as its box name the function name of the function represented by the box. See: function name.

2.1.20 box number: A single digit (0, 1, 2, ..., 9) placed in the lower right corhér/of a box to
uniquelyidentify that box in a diagram. The only box that may be numbered 0 is the{h0X that represents
the AO function in A-O and A-1 context diagrams.

2.1.21 branch: A junction at which a root arrow segment (going from souree\to use) divides into two or
more arrow segments. May denote unbundling of arrow meaning, i.e., th€separation of object types from
an object type set. Also refers to an arrow segment into which a root arrow segment has been divided.

2.1.22 bundle: (A) (As a verb) To combine separate arrow meanings into a composite arrow meaning,
expressed by joining arrow segments, i.e., the inclusion of multiple object types into an object type set.
(B) (As a noun) An arrow segment that collects multiple meanings into a single construct or abstraction,
i.e., an arrow segment that represents an object type set that includes more than one object type.

2.1.23 call arrow: An arrow that enables the sharing of detail between IDEFO models (linking them
together) or within an IDEFO model. The tail of a call arrow is attached to the bottom side of a box. One
or more page references are attached to a call\arrow.

2.1.24 call reference: A page reference-attached to a call arrow.

2.1.25 called diagram: A decomposition diagram invoked by a calling box and identified by a page
reference attached to a call arrow.

2.1.26 calling box: A boxthat is detailed by a decomposition diagram that is not the box’s child diagram.
A call arrow is attdched to the bottom of a calling box.

2.1.27 child-box: A box in a child diagram.

2.1.28 ¢thild diagram: A decomposition diagram related to a specific box by exactly one child/parent
relationship.

2:1.29 complete ICOM code: A diagram feature reference in which dot notation joins an ICOM code to
a diagram reference.

2.1.30 context: The immediate environment in which a function (or set of functions in a diagram)
operates.

2.1.31 context diagram: A diagram that presents the context of the top-level function of an IDEFO

model, whose diagram number is A-n, where 0<n<9. The one-box A-0O context diagram is a required
context diagram; those with diagram numbers A-1, A-2, ..., A-9 are optional context diagrams.
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2.1.32 control: In an IDEFO model, a condition or set of conditions required for a function to produce
correct output.

2.1.33 control arrow: An arrow or arrow segment that expresses IDEFO control, i.e., an object type set
whose instances establish a condition or set of conditions required for a function to produce correct output.
The arrowhead of a control arrow is attached to the top side of a box.

2.1.34 control loopback: Loopback of output from one function to be control for another function in the
Same diagram. Syn: feedback.

2.1.35 decomposition: The partitioning of a modeled function into its component functions.
2.1.36 decomposition diagram: A diagram that details its parent box.
2.1.37 descendent box: A box in a descendent diagram.

2.1.38 descendent diagram: A decomposition diagram related to a specific box<bya hierarchically
consecutive sequence of one or more child/parent relationships.

2.1.39 diagram: An instantiation of the formal diagram structure as definéd by Annex B that consists
only of semantically and syntactically valid IDEFO graphical statements. Each diagram is a single unit of
an IDEFO model that presents the top-level function that is the subjéet)of the model (the A-O context
diagram), presents the context of the subject function (other context diagrams), or presents the details of a
box (decomposition diagrams).

2.1.40 diagram boundary: An edge of adiagram in a diagtam page.

2.1.41 diagram feature: An element of a diagram. Diagram features include boxes, arrow segments,
arrow labels, ICOM codes, ICOM labels, model notes; and reader notes.

2.1.42 diagram feature reference: An expression that unambiguously identifies a diagram feature
within an IDEFO model.

2.1.43 diagram number: That partof a diagram reference that corresponds to a diagram’s parent
function’s node number. The diagram number refers to the diagram that details or decomposes the
function designated by the samenode number.

2.1.44 diagram page: A model page that contains a context diagram or a decomposition diagram.

2.1.45 diagram.-reference: An expression that unambiguously identifies a diagram and specifies the
diagram’s paosition in a specific model hierarchy; a diagram reference is composed of a model name

abbreviatiomand a diagram number.

2.1.46. \diagram title: A verb or verb phrase that describes the overall function presented by a diagram;
the'diagram title of achild diagram is the box name of its parent box.

2.1.47 dot notatlon A technrque for naming that joins the name of a parent class to the name of a

dot notat|on to Jom the page reference of the parent dlagram ABC/A31 to the feature reference for box 3
in that diagram.

2.1.48 feature reference: An expression that unambiguously identifies adiagram feature in a diagram.

2.1.49 feedback: See: control loopback.
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2.1.50 FEO page: See: For Exposition Only page.

2.1.51 For Exposition Only page: A model page that contains pictorial and graphical information (in
contrast to text) about a specific diagram. Unlike a diagram, the contents of a For Exposition Only page
(FEO page) need not comply with IDEFO rules.

2.1.52 fork: See: branch.

2.1.53 function: A fransformafion of inputs to outputs, by means of some mechanisms, and subject to
certain controls, that is identified by a function name and modeled by a box. Syn: depending on the usage
of amodel, activity, task, process, operation.

2.1.54 function name: An active verb or verb phrase that describes what is to be accomplishied by a
function. A box takes as its box name the function name of the function represented by the box;

2.1.55 glossary: A set of definitions that includes arrow labels and box names used in an IDEFO model.

2.1.56 glossary page: A model page that contains definitions for the arrow labels’and box names in a
specific diagram.

2.1.57 hierarchically consecutive: An unbroken unidirectional traversal of al nodes between two
specified nodes in a tree. All nodes between the origin and destinationnodes shall be visited during a
traversal. All traversals from any node to its adjacent node shall be made in the same direction, either
towards the root of the tree of towards the leaves of the tree. Typically, hierarchically consecutive is taken
to imply from ancestral node (closer to the root) to descendentdiade (closer to the leaves).

2.1.58 ICOM code: An expression in one diagram that>unambiguously identifies an arrow segment in
another diagram. An ICOM code is used to associate a boundary arrow of a child diagram with an arrow
attached to an ancestral box. Syn: arrow reference:

2.1.59 ICOM label: An arrow label attached,without a squiggle directly to the arrowhead of an output
boundary arrow or to the arrowtail of an input, control, or mechanism boundary arrow. An ICOM label
associates a boundary arrow of achilddiagram with an arrow label of an arrow attached to an ancestral
box.

2.1.60 IDEFO model: Abstractly, a hierarchical set of IDEFO diagrams that depict, for a specific purpose
and from a specific viewpaint, the functions of a system or subject area, along with supporting glossary,
text, and For ExpositionOnly (FEO) information.

Concretely, a set-of model pages that include at least an A-O context diagram and an A0 decomposition
diagram, a glossary or specific glossary pages, one or more text pages to accompany each diagram, and
FEO pages-and’'model pages of other types as needed.

2.1.61 \identifier: Within an IDEFO model, a model name, a box name, or an arrow label.

2;1.62 input: In an IDEFO model, that which is transformed by a function into output.

the left side of abox.

2.1.64 input loopback: Loopback of output from one function to be input for another function in the
same diagram.
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2.1.65 internal arrow: An arrow connected at both ends (source and use) to a box in a diagram.
Contrast: boundary arrow.

2.1.66 join: A junction at which an arrow segment (going from source to use) merges with one or more
other arrow segments to form a root arrow segment. May denote bundling of arrow meanings, i.e., the
inclusion of multiple object types within an object type set.

2.1.67 junction: A point at which either a root arrow segment divides into branching arrow segments or

arrow segments Join Into a root arrow segment.

2.1.68 leaf diagram: A diagram that has no descendent diagrams, i.e., a diagram that does not contain
any function that has been decomposed.

2.1.69 leaf node: A function that is not decomposed. A box that represents a leaf node doesnot have a
box detail reference.

2.1.70 loopback: An internal arrow that is the output of a box whose box number isQrester than the box
number of the box that uses that arrow as input, control, or mechanism. These usesarereferred to as input
loopback, control loopback, and mechanism loopback, respectively.

2.1.71 mechanism: In an IDEFO model, the means used by afunction togtransform input into output.

2.1.72 mechanism arrow: An arrow or arrow segment that expresses1DEFO mechanism, i.e., an object
type set whose instances are used by a function to transform_input into output. The arrowhead of an
mechanism arrow is attached to the bottom side of a box.

2.1.73 mechanism loopback: Loopback of output frem: one function to be mechanism for another
function in the same diagram.

2.1.74 model hierarchy: The diagrams that correspond to the nodes of the hierarchical graph structure
of an IDEFO model.

2.1.75 model name: A unique, descriptive name that distinguishes one IDEFO model from other IDEFO
models with which it may be associated. An IDEF0 model’s model name and model name abbreviation
are placed in the A-O context diagram along with the model’s purpose statement and viewpoint statement.

2.1.76 model name abbgewviation: A unique short form of a model name that is used to construct
diagram references.

2.1.77 model note; A textual and/or graphical component of a diagram that records a fact not otherwise
depicted by adiagram’s boxes and arrows.

2.1.78 model note number: An integer number, placed inside a smal square, that unambiguously
identifieSamodel note in a specific diagram.

2479 model page: A logical component of an IDEFO model that can be presented on a single sheet of
paper. Model pages include diagram, text, FEO, and glossary pages.

2.1.80 node: A modeled function located within the hierarchical graph structure of an IDEFO model by
its designated node number; as afunction, anode is represented in adiagram by a named box.

2.1.81 node index: A text listing, often indented, of the nodes in an IDEFO model, shown in outline
order. Same meaning and node content as a node tree.
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2.1.82 node letter: The letter that is the first character of anode number.

2.1.83 node number: An expression that unambiguously identifies a function’s position in a model
hierarchy. A node number is constructed by concatenating a node letter, the diagram number of the
diagram that contains the box that represents the function, and the box number of that box.

2.1.84 node tree: A graphical listing of the nodes of an IDEFO model, showing parent-child
relationships as a graphical tree. Same meaning and node content as a node index.

2.1.85 object: A member of an object set and an instance of an object type. An object represents
something in the observable world that may be distinguished from other instances of its object type and
may be uniquely identified.

2.1.86 object set: A subset of instantiations from the set of all possible instantiations of all epject types
within an object type set. An object set is a subset of the union of the members of an object type set; the
set of object sets includes the empty set and the set of the union of the members of the object type set
itself. An object set is modeled by an arrow segment.

2.1.87 object type: The set of all possible instantiations of a singular concept, either physical or data,
within an IDEFO model. An IDEFO object type is generally analogous to aniDEF1X entity or an IDEF1
entity class.

2.1.88 object type set: A named set of one or more object types. An object type set may include object
types that are themselves grouped as object type sets. An object type'set is designated by an arrow label.

2.1.89 output: In an IDEFO model, that which is produced‘y afunction.

2.1.90 output arrow: An arrow or arrow segment that expresses IDEFO output, i.e., an object type set
whose instances are created by a function by transforiming the function’s input. The arrowtail of an output
arrow is attached to the right side of a box.

2.1.91 page reference: An expression thatsunambiguously identifies a model page. The page reference
incorporates a diagram reference to the\associated diagram, the type of page, and any sequencing data

needed to distinguish different pages af-the same type that are associated with the same diagram.

2.1.92 page type letter: The uppercase letter in a page reference that denotes a specific type of model
page.

2.1.93 parent box: “\An ancestral box related to its child diagram by exactly one parent/child
relationship, that.is, a box detailed by a child diagram. The existence of this child diagram is indicated by
abox detail reference.

2.1.94 parent diagram: A diagram that contains a parent box.

2.1:95/ parent function: A function modeled by a parent box.

2.1.96 purpose statement: A brief statement of the reason for an IDEFO model’s existence that is

presented-inthe-A-0 context diagram-of the madel-

2.1.97 reader note: A comment made by areader about an diagram and placed on the diagram page. A
reader note is not part of the diagram itself, but rather is used for communication about a diagram during
model development.
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2.1.98 reference expression: An expression that uniquely identifies a box, a node or function, a
diagram, or amodel page within an IDEFO model.

2.1.99 root arrow segment: The arrow segment of a junction from which other arrow segments branch
or to which other arrow segmentsjoin. Syn: root or root segment.

2.1.100 root segment: See: root arrow segment.

2.1.101 squiggle: A snhort "s -shaped line attached at one end to an arrow label and at the other end to
an arrow segment. A sguiggles binds an object type set (arrow label) to an object set (arrow segment).

2.1.102 text page: A model page that contains textual material related to a specific diagram.

2.1.103 top box: The box in the A-O context diagram that models the top-level function ofyary IDEFO
model.

2.1.104 top-level function: The function modeled by the single box in the A-O context diagram of an
IDEFO model.

2.1.105 tunneled arrow: An arrow left undrawn between its attachment.t0,an ancestral box and its
appearance as a boundary arrow on some hierarchically consecutive descendent diagram.

2.1.106 tunneling: The act of applying tunnel notation to an arrow segment.

2.1.107 tunnel notation: A pair of short shallow arcs, resembling a pair of left and right parentheses
characters, that bracket the arrowhead or the arrowtail of anarrow segment.

2.1.108 unbundle: The separation of arrow meanings, expressed by branching arrow segments, i.e., the
separation of object types from an object type set.

2.1.109 viewpoint statement: A brief statement of the perspective of an IDEFO0 model that is presented
in the A-0 context diagram of the model.

2.2 Acronyms and abbreviations

These short forms of words; names, and expressions are used in this document with the following

meanings:
DRE detall_reference expression
ER Entity relationship
FEO For Exposition Only
ICOM Input, control, output, and mechanism
IDEF Integration Definition or ICAM Definition Language
IDEFO IDEF for function modeling
IDEF1X IDEF for data modeling
iff if and only if
KIF Knowledge interchange format
SDF IDEF standard diagram form
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3. References

No normative references are required for use with this standard. A bibliography of documents referenced
in the body of the standard is provided in Annex A.

4. IDEFO models

JUSE ard the cranses that fottow Tdentify the basic compornents of TDEFOSytax & OrawvT, visud
elements of the language and how they may be used together) and IDEFO semantics (what it means when
the visual elements are used together in specific, allowable ways), specify the rules that govern the use-of
these modeling components, and describe the types of diagrams used in an IDEFO model. Although‘the
components of syntax and semantics are very highly interrelated, they are discussed separatelywithout
regard for the actual sequence of construction.

An IDEFO model is a representation of a set of components of a system or subject area, Systems modeled
by IDEFO techniques are composed of interdependent parts that work together to péerfoefm an intended
function. The system components represented in an IDEFO model can be any combination of things,
including people, information, software, functions, equipment, products, and raw\materials. The IDEFO
model reflects how system functions interrelate and operate just as the blueprint of a product reflects how
the different pieces of the product fit together.

An IDEFO model describes what a system does, what controls it, what\things it works on, what means it
uses to perform its functions, and what it produces. An IDEFO model is composed of a hierarchical series
of diagrams with associated explanatory material that graduahyiintroduce increasing levels of detail to
describe functions and their interfaces within the context of asystem.

An IDEFO model contains four primary types of model“pages. diagram, text, For Exposition Only (FEO),
and glossary. Diagram pages contain diagrams.that’ define functions and functional relationships in
accordance with IDEFO box and arrow syntax.and semantics. Text, FEO, and glossary pages provide
additional information in support of these diagrams. This structure provides the reader with a well-
bounded topic with a manageable amount -of*detail to learn from a single diagram and with manageable
amounts of supplementary information.to_learn from each of the diagram’ s supporting pages.

Concretely, an IDEFO model shalkeontain a set of model pages that includes diagram pages that present at
least the model’s A-0 context diagram and its AO decomposition diagram, one or more glossary pages for
each diagram page, and one.or more text pages for each diagram page. A glossary for the entire model
may be used in lieu of individual glossary pages. FEO pages and model pages of other types defined for a
particular modeling project may be included as needed.

5. IDEFO syntax

This clause defines the visual aspects of boxes and their semantic interpretation as functions; the visua
aspects‘of arrows and their semantic interpretation as objects, including data objects; and the visual
aspeets of attaching arrows to boxes and the semantic interpretation of these attachments as functional
interrelationships.

The basic components of a language (i.e., the lexicon) and the rules thal define now those basic
components can be combined to form more complex syntactic structures (i.e., the grammar) together
congtitute the syntax of the language. The basic components of IDEFO syntax are boxes and arrow
segments.
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5.1 Boxes

Boxes are the verbs of IDEFO syntax: a box models a function in an IDEFO model. A box shall be a
rectangle with sgquare corners. A box shall have a box name that is fully contained within its boundaries.
The box name shall be an active verb or verb phrase that describes what must be accomplished by the
function represented by the box. A box shall also contain a box number in its lower right corner. If a box
has been detailed by a decomposition diagram, the box number shall be framed by an enclosed corner; this
framing of a box number to indicate decomposition is known as a box detail referencel. A typical

decomposed box is shown in Figure 1.
5.2 Arrows and arrow segments

Arrows are the nouns of IDEFO syntax: an arrow models physical and data objects in an IDEEQ_model.
(The meaning of an arrow segment is further clarified in Clause 6.) An arrow is composed of onre‘or more
directed line segments, known as arrow segments, with a terminal arrowhead at one end ofythe arrow. As
shown in Figures 2 through 5, an arrow segment shall be drawn as one or more straight horizontal and
vertical line segments; an arrow may not be drawn diagonally. Horizontal and verticallline segments of an
arrow segment shall be connected by a curved line segment with a 90° arc. ArrowS.may have branching
and joining configurations.

An arrow is a linear configuration, in the sense that every two distinct arrow segments in an arrow are
linked by some finite number of arrow segments. Thus, in Figure 5, the“arrow 12:212 is composed of the
arrow segments labeled Untrained Staff and Untrained Fitters and-the arrow segments Trained Hefters
and Trained Staff constitute the distinct arrow 301:02.

An arrow label consists of a single noun or noun phrase.that designates the object type set of an arrow
segment, that is, the physical and data objects represented-by the arrow segment. Every arrow segment
shall be labeled with an arrow label unless a single arrow label clearly applies to the arrow as a whole.
Call arrows shall be labeled with one or more callreferences. A squiggle shall be used to link an arrow
segment to its associated arrow label, unless a relationship between alabel and a specific arrow segment is
visually obvious. An arrow label that identifieés;a boundary arrow segment is attached to the arrowhead of
an output boundary arrow or to the arrowtail of an input, control, or mechanism boundary arrow; such an
arrow label is known as an ICOM label. Because the arrowhead or arrowtail of a boundary arrow is
directly attached to the arrow labd, the'relationship between this label and the boundary arrow segment is
always visually obvious and thus'shall be drawn without a squiggle.

5.3 Names and labels

An IDEFO model is.identified by a model name, an IDEFO box is identified by a box name, and an IDEFO
arrow segment s-identified by an arrow label. These identifiers shall contain only aphanumeric
characters, i.e; the letters (“A” through “Z” and “&" through “z"), the digits (*0” through *9"), the space
character (¢™);"and the hyphen character (“-”, as in “well-defined”). Punctuation marks and other special
charactefs'shall not appear in identifiers. The only exceptions to this prohibition are characters required to
represefit a proper name such as the citation of a specific reference (e.g., Roberts’ Rules of Order, DoD
8320.1-M-1).

An identifier shall be written in title case, i.e, the first letter of each word shall be capitalized. The

chall k. atacl

madinachaal o deaof an 1l UTE TP~ s o=y | 41 } ¢ (oo puncl
MMiurvivdudl VWwuUiruo Ul At TUcTIhiaTmIcr It uT acpouou.w lJy GJIIHIC opm.lc, ULICT Ul ALl o \C.H., UliuCI oLUT' T

(“_"), hyphen) shall not connect the words of an identifier to form a single token.

1A box detail reference may be associated with adetail reference expression (DRE) during the process of developing an IDEFO model. A
correct IDEFO model does not require DRES.
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Abbreviations shall not appear in an identifier. Prepositions (e.g., for, to, from), conjunctives (e.g., and,
or), and articles (e.g., the, an) shall not appear in an identifier, unless such aword is an essential element
of aterm of art customarily used by a model’ s intended audience and the term of art is separately defined
in the model’ s glossary.

An identifier

¥ Shall express asingular concept (hence the prohibition of conjunctives)

4 Shall express the nature of the model component It 1dentiTies

¥ May not express a relationship between a model component and any other component(s) of a model
(hence the prohibition of prepositions)

¥ May not refer to a specific instance of an object type or to a particular activation of a function
(hence the prohibition of articles)

No identifiers for different arrows or boxes shall be identical.

(In the specia case, limited to control and mechanism arrows that do not changédeles, and where the
object type set designated by an arrow label contain only one object typ€, yand where the set of
instantiations of the object type contains only one possible instance, and thus¥vhere the set of object sets
consists only of the empty set and a set containing just this one instance, only one particular object can be
instantiated from the object set, the object type, and the object type set. Injthis case, the name of the object
type set is equivalent to the name of the instantiated object. Nonetheless, the arrow label still identifies the
object type set represented by the arrow segment, not the singleinstance of the object set modeled by the
arrow segment.)

a) Names for boxes. A box name shall identify thestransformation represented by a box, i.e., the
modeled function. A box name shall be an active verb or verb phrase such as

¥ Order Parts

% Monitor Performance
¥ Develop Detail Design
¥ Plan Resources

¥ Design System

¥ Fabricate Companent

A box name shallynot contain any of these words: function, activity, or process.

b) Labels for-arrows. An arrow label or ICOM label shall identify the object type set of an arrow
segment:An arrow segment shall be labeled with a noun or noun phrase such as

¥y \Specifications
% Performance Requirements
¥, Software Engineer

% Summary Report

¥ Architectural Design
¥ Board Assembly

An arrow label shall not consist solely of any of these words: input, control, output, mechanism,
call, object, or data.
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Figure 6 illustrates the placement of arrow labels and box names.

5.4 Basic box/arrow syntax

More complex IDEFO syntactic structures are formed by connecting boxes with arrows in various ways.
Relative to a given box in a more complex diagram structure, there are five ways that an arrow may be
attached to a box in an IDEFO diagram. An arrow may be attached by its arrowhead to the top, to the
bottom, or to the left side of a box. An arrow may be attached by its arrowtail to the bottom or to the right

Side of abox.

An arrow attached by its arrowhead to the left side of abox is called an input arrow. An arrow attached by
its arrowhead to the top side of a box is called a control arrow. An arrow attached by its arrowhead to_the
bottom side of a box is called a mechanism arrow. An arrow attached by its arrowtail to the right side of a
box is called an output arrow. An arrow attached by its arrowtail to the bottom side of a boxyis.caled a
call arrow. These are the only valid ways to attach an IDEFO arrow to an IDEFO heox\This basic
box/arrow syntax isillustrated in Figures 7 through 9.

At least one control arrow and at least one output arrow shall be attached to a box,»One or more input
arrows and one or more mechanism arrows may be attached to a box. Only one call\arrow may be attached
to a box.

5.5 Call arrows

An important syntactic convention is the call arrow. Call arrows/donot play a specific semantic rolein an
IDEFO diagram; hence, they do not appear in Annex B. Rathen,*a call arrow alows a calling box to be
detailed (i.e., an activity to be decomposed) by a diagram that is not an immediate child diagram of the
calling box. A called diagram is a decomposition diagramthat details a calling box. A calling box is said
to invoke a called diagram. In other words, the details of an activity represented by a calling box are
specified in a called diagram that is the immediatecchild of some other activity within the same model or
possibly in another model entirely. A call reference is a page reference provided by a call arrow that
identifies such a called diagram for a calling.loox.

a) Model integration. The call arrow-convention allows the logical integration of models containing
hierarchically related functions without requiring their integration into a single physical model. A
call reference to a diagram-itv another model effectively links the model that contains the calling
box to the model that contains the called diagram. For example, a call reference might link a box
in a high-level context diagram of one model to the AO diagram of another model to treat the
subject matter of thelinked activity.

b) Shared detail. ‘Because more than one calling box may invoke the same called diagram via a call
reference,.thecall arrow convention allows

¥ Didinct functions with similar topologies to be modeled by a single generaized
decomposition or

¥ The same function to be identified in different places within the same model but to be only
detailed in one place in the model’ s decomposition hierarchy

This approach allows the sharing of decomposition detail by activities represented in different

maodals-and/ar hv activitieswithin tha scamae madal Faor examnle the activiities- A323 Invite Ganeral
ReaeS-anarorBYy—-acthHEeSYWHHHA-HEe-SaHRe-oae—=o-exaprethe-acthiHeSAoLo—HH eReadt

Specifications Committee and A5332 Invite Detail Specifications Committee might both be
detailed by diagram A5332. A call arrow with the call reference A5332 might be attached to box 3
in diagram A32.

c) Alternate activations. Because a single calling box may invoke more than one called diagram via
call references, the call arrow convention allows a set of detail diagrams to represent each different
activation of a calling box. Each possible activation may be detailed by a called diagram that has
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been prepared specifically to detail the activity under that particular activation, which may have
been created in a different model or which details some activity elsewhere in the same model.

d) Alternate representations. Similarly, because a single calling box may invoke more than one called
diagram via call references, the call arrow convention allows one function to be modeled by a set of
alternative or variant detail diagrams. Each of these alternative decompositions may be represented
by adiagram in a different model or by a detail diagram elsewhere in the same model.

Only one call arrow may be attached to a caling box A caJI arrow is attached to the rlght of any
mechanism arrows, mechanism arrows are always attached to the bottom side of a calling box to the left of
any call arrow.

A call reference is a page reference that is attached to a call arrow to identify a called diagram that\may be
invoked by the calling box. Unlike arrow labels, a call reference may not be attached to the call arfow by a
squiggle. A call reference shall be placed immediately above the back of the call arrow’ sfarrowhead and
immediately to the right of the call arrow segment, as shown in Figure 6.

More than one call reference may be attached to one call arrow. Should there he“more than one call
reference, the call references shall be left-justified within a vertical list. The last_or bottom call reference
in such alist shall be shown in exactly the same position relative to a call arfew’s arrowhead as a single
call reference. The order of call references in such alist has no significance)A calling box may not have a
box detail reference because a calling box is not detailed by its own child diagram. A call reference may
not be made to any kind of context diagram because a called diagram must be a decomposition diagram.
For example, a calling box in a high-level context diagram for epe model may incorporate another whole
model only by invoking that model’s A0 diagram, which is‘the highest decomposition diagram in any
IDEFO model.

Different calling boxes may invoke the same called diagram and different called diagrams may be invoked
by the same calling box. However, a calling bex.may invoke only one called diagram in any given
activation of the calling box. Which activation conditions determine which called diagram is to be
invoked by a calling box shall be specified ifnan accompanying model note. This note may refer the reader
to atext page by a page reference for a complete explanation.

The boundary arrows of a called diagram need not correspond exactly with those of the calling box, either
in number, name, or meaning. lh these cases, a model note in the diagram containing the calling box shall
specify these relationships so that a reader may appropriately interpret the shared physical and data
objects required for an activation of the called diagram. This note may refer the reader to a text page by a
page reference for a complete explanation.

6. IDEFO semantics

SemantieSinvolves, first, the interpretation of the basic syntactic components of a language and, second,
how the’interpretations of those basic components contribute to the meanings of more complex syntactic
struetures. Thus, a semantics for IDEFO specifies how the boxes and arrows are to be interpreted and, in
turn, how they contribute to the meanings of more complex structures built up from them.

61 Boxlarrow-semantics
O+ OXfaeH-OWSeHaHES

a) Box semantics. A box models afunction, i.e., an activity that, typically, takes certain inputs and, by
means of some mechanism, and subject to certain controls, transforms its input into output. Thus, a
function name shall be an active verb or verb phrase, such as“Inspect Parts,” that describes what is
accomplished by the function that the box represents. The name of a box is the name of the
function represented by the box. Thus, for instance, a function named “Inspect Parts’ would be
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expected to transform uninspected parts into inspected parts, and the name of the box representing
this function would aso be “Inspect Parts.”

An IDEFO transformation may consist of any combination of these four kinds of transform: form,
state, time, and place.
1) A transformation of form substantively changes input objects into different output objects.

2) A transformation of state changes some characteristic(s) of input objects to produce the output

b)

0)

Objects. IDEF0 modeling treals something 1N one State berore an IDEFU transformation and the
same thing in another state after the transformation as distinctly different objects.

3) A transformation of time changes the temporal location of input objects, i.e.,, moves input
objects at one point in time to be output objects at another point in time, without necessarily
changing their form or state. A transformation of time is the IDEFO expression of storage.

4) A transformation of place changes the spatial location of input objects, i.e., 'moves input
objects at one location to be output objects at another location, without necessarily changing
their form or state. A transformation of place isthe IDEFO expression of movement or flow.

Output without input. An IDEFO function must be provided control and must provide output. Input
is not required for a syntactically correct statement of an IDEFO aetivity (see 5.4). From the
particular viewpoint and for the specific purpose of a given model, IDEFRO input for an activity may
be omitted if al inputs meet one or more of these criteria:

1) Control-bundled input. An input is bundled with a controlk (See 6.6).

2) Nonobject input. An input is not a physical or data<Object. Not everything that is real can be
modeled as an IDEFO object. Real things such as\emotions, knowledge, political power, and
planetary orbits exist but cannot be represented.by.IDEFO arrows.

3) Nonconstraint input. An input is always available to afunction in al circumstances relevant to
agiven model. Such input—a preconditiof’ assumed always to be true—does not constrain the
function.

4) Creative act. The function itself fépresents a creative act, a transformation that essentially
creates something from nothing. As creative acts, functions such as Write Program and
Compose Sonata are typically modeled as activities whose outputs are created without
transformation of |DEFQ input.

Arrow semantics. At some’level of abstraction, an IDEFO arrow models physical and data objects
that may exist in the.tangible world and an arrow label identifies the kinds of objects that are
represented by anyarrow. However, because IDEFO arrow segments may branch and join to
commingle arfow meaning in arbitrary ways, distinctions among object type sets, object types,
object sets, (@nd objects themselves are necessary to alow an arrow segment to express the absence
as well asthe presence of objects and to allow consistent interpretation of branches and joins (see
6.2),

1)~An object type set is a named set of one or more object types. An object type set may include
object types that are themselves grouped as object type sets. An object type set is designated by
an arrow label.

2) An object type is the set of all possible instantiations of a singular concept, either physical or
data, within an IDEFO model.

14

3) Anobject set isasubset of instantiations from the set of all possible instantiations of all object
types within a named object type set. An object set is a subset of the union of the members of
an object type set; the set of object sets includes the null or empty set and the set of the union
of the members of the object type set. An object set is modeled by an arrow segment. Object
sets are not explicitly named in IDEFO syntax.
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4) An object is one instantiation of an object type, that is, a member of an object set. A physical
or data object represents something in the observable world that may be distinguished from
other instances of its object type and may be uniquely named. However, an object is not
explicitly named in IDEFO syntax.

Each arrow segment shall be identified by the object type set of the object set modeled by the arrow
segment. Generally, however, the terms “an arrow represents an object type set” or “an arrow
represents physical and data objects™ are used to express the relationship between an object type

S, Which 15 designated by an aifow 1abel, and an object S&t, which 1S modeled by an arrow
segment.

d) Box/arrow attachments. An arrow segment that is attached to a box represents an object type set in
a specific role—input, control, mechanism, or output—for the function that the box represents. The
side of a box to which an arrow is attached defines the role of an object type set with respeebto the
function represented by that box. (As noted in 5.5, call arrows play no semantic role but ‘aré merely
pointers to diagram pages that may detail the calling box.)

1) Input. An arrow attached to the left side of a box represents input for the function. Such an
input arrow represents what is transformed or consumed by the funetion to produce the
function’s output.

2) Control. An arrow attached to the top of a box represents control for the function. Such a
control arrow represents conditions that must be met before.the function can produce correct
output.

3) Output. An arrow attached to the right side of a box represents output from the function. Such
an output arrow represents what is produced by the-function.

4) Mechanism. An arrow attached to the bottom, of ‘a box represents mechanism for the function.
Such a mechanism arrow represents the meansthat carry out the function.

Input to an activity, i.e., an object set modéeled by an arrow segment attached to the left side of a
box, must be transformed by some activation of the function into some output of the activity, i.e., a
different object set modeled by an arrow segment attached to the right side of that box. Output may
result from transformation of inputs Specified for an activity; output must account for all input and
all input must be accounted for, by output. Neither control nor mechanism may be transformed by a
function. Thus, all input, cantrol, output, and mechanism arrows represent object type sets, but
only a control or mechanism arrow may represent an object type set that contains only one possible
instantiation.

Arrows do not-represent temporal sequencing as in a traditional process or data flow model;
indeed, the coneept of time cannot be formally expressed through IDEFO syntax. Rather, arrows
representobject type sets. These object type sets are necessary to specify a transformation
represented by a box. The role that an object type set plays in this transformation is specified by
attaching the appropriately labeled arrow to the appropriate side of the box. That one box is
connected to another by an arrow simply specifies that the output of one function provides input,
control, or mechanism needed for the activation of the other function.

Standard arrow attachments are shown in Figure 6.

6.2 Brarching and joimng armrows

Three or more arrow segments may connect at one point to form a junction. Such a junction is either a
branch or ajoin. A branch splits one arrow segment, the root segment, into two or more arrow segments,
the branching segments. A join combines two or more arrow segments, the joining segments, into a single
arrow segment, their root segment. Branches and joins may be interpreted symmetrically with respect to
their root segments. In both kinds of junction, the meaning of the root arrow segment—that is, the object
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types represented by the root segment, without regard to how these object types may be grouped or
otherwise bundled as an object type set—shall correspond to the object type sets represented by the arrow
segments that connect to it.

Specifically, the meaning of the root segment of a join shall be equivalent to the union of the meanings of
all arrow segments that join it. The meaning of aroot segment of a branch shall be equivalent to the union
of the meanings of all arrow segments that branch from it. The union of the meanings of all segments that
join aroot segment shall be equivalent to the union of the meanings of all segments that branch from the

Same root segment. 1hus, agditionally, the meaning of a root segment snall be equivalent to the union of
the meanings of all arrow segments that connect to it. In other words, the set of arrow segments that
connect in a junction to a root arrow segment must represent all of and nothing but the meaning of that
root arrow segment.

This conservation of meaning of object types through arrow branching and joining applies to the
composite meaning of a complete set of joining segments, the bundled meaning of their root Segment, and
the composite meaning of a complete set of segments branching from that root. This conservation of
meaning of object types does not apply to the meaning of individual arrow segments that connect to a
junction as joining or branching segments. While a set of connecting arrow segments, branching or
joining, must represent all of and nothing but the meaning of the root segment of a junction, this
conservation of meaning does not require that different object types of a root’s meaning be apportioned
among the segments that connect to the root segment in any particular way=This conservation of meaning
does require each branching or joining arrow segment to represent a suliSet-of the union of the members of
the object type set represented by the root arrow segment of ajunction,?

In general, the object type set of any individual arrow segment that connects to a root segment at a
junction may contain any arbitrary combination of object types'that are also contained within the meaning
of the root segment, regardless of the meaning of any other segments that may also connect to the same
root segment. However, two specia cases frequently “appear in IDEFO models: fungible junctions and
abstract junctions. These variations are illustrated inFigure 10.

a) Inafungible junction, exactly the same ©bject type set is represented by every arrow segment that
connects to the root segment. In this-case, the separate meanings of the branching or joining
segments will be exactly the same-as the meaning of the root segment of the junction; the meaning
of each connecting segment replicates the meaning of the root segment.

b) Inan abstract junction, thelmeaning of the root segment is the set addition of the meanings of the
other connecting segments. In this case, the set addition equals the set union of the meanings of
the arrow segmentsithat connect to a root segment in a junction. An abstract join bundles
differentiated groups of physical and data objects into a generalized or more abstract grouping
construct: the component parts, which are represented by joining arrow segments, are bundled into
the root arrow segment. Such bundling is also termed arrow aggregation. Conversely, an abstract
branch_unbundles a generalized or more abstract grouping construct into differentiated or less
abstract_object type sets: the root segment is unbundled into its component parts, which are
représented by branching arrow segments. Such unbundling is also termed arrow decomposition.

When a junction is abstract, either join or branch, the meanings of the segments that connect to the
root segment are digoint, i.e., there is neither redundancy nor overlap of meaning among these
arrow segments. In particular, when an abstract branch unbundles a root segment formed by an
abstract join, the separate meanings of the branching segments will be the same as the separate

meanings of the root’ s joining segments; in other words, the set of arrow labels identifying joining

2This conservation of meani ng also determines that an arrow segment in an IDEFO model may not represent anything that is not specified
asinput, control, output, or mechanism for some function within the scope of the model and that the set of all arrow segmentsin an IDEFO
model must represent everything that is required as input, control, output, and mechanism for all functions within the scope of the model.
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segments must be the same as the set of arrow labels identifying branching segments. Because an
arrow label specifies what an arrow segment represents by identifying an object type set, arrow
labels on branching (joining) arrow segments may detail the content of a root arrow segment just
as decomposition diagrams detail a parent box.

For example, given aroot arrow segment that models apples, oranges, and mangoes as a bundle of
fruit, any set of arrow segments that join into fruit or any set of arrow segments that branch from
fruit must represent, in any combination, apples and oranges and mangoes; further, neither

Pananas nor apricots may be represented Dy any segment joining to or branching from this
particular bundle of fruit.

An arrow segment by itself models an object set—a specific set of instantiations of the object types
identified by the label attached to the arrow segment. The IDEFO box/arrow syntax models such an.object
set in a specific role with respect to a given activity. In particular, any attachment of an arrow,{o/a box as
an input, control, or mechanism expresses an activation constraint, that is, a requirement for 'the’existence
of anonempty object set in a particular role before afunction can execute (see 6.7).

An arrow segment models an object set without enumerating or counting the members of the object set.
Just as time is not formally represented by an IDEFO model, the idea of quantity also cannot be formally
represented through IDEFO syntax. An arrow segment models objects in an.@bject set without expressing
any quantitative meaning.

Rather, the attachment of an input, control, or mechanism arrow to a:box denotes that the function cannot
activate unless sufficient instances of the arrow’s object types (that-is, an object set) are available to the
function. What “sufficient” might mean is not determined in an'DEFO model by characterizing an arrow.
Whatever “sufficient” might mean in a counting sense, “ sufficient” is expressed in an IDEFO model by the
structure of IDEFO controls, which prevent activation of a function until sufficient resources of the
appropriate kinds are available and which stimulate activation of other functions until these sufficient
resources are produced.

Thus, in an IDEFO model, objects are not guantified or counted; the significance of this absence of
quantity is that conservation of arrow meéaning through junctions, i.e., through joins and roots and
branches, does not require or imply that.an arrow segment represent any specific number of objects. While
IDEFO box/arrow syntax can be used-to specify, say, that apples, oranges, and mangoes are required to
activate a function, this syntax cannot be used to specify how many apples, how many oranges, or how
many mangoes are required. Thus, conservation of arrow meaning does not imply that the number of
objects represented by a setvof ‘segments branching from a root segment conserves the number of objects
represented by a corresponding set of segments joining that root.

6.3 Arrow meaning conventions

Because the-meanings of arrow segments connected in a junction may be ambiguous, IDEFO provides
several eonventions to clarify these meanings. These conventions aso minimize the number of arrow
labels that need be physically provided in a diagram. The conventions and their exceptions are illustrated
in Figures 12 through 21. The conventions are

a) The meaning of any boundary arrow, expressed by its ICOM label, may be propagated to al
unidentified connecting arrow segments, both joining and branching, unless this propagation is

hated by

1) A labeled segment (i.e., an arrow segment that is explicitly identified by an arrow label or an
ICOM labdl),

2) An ambiguous segment (i.e., one arrow segment that can be implicitly identified by different
arrow labels vialabel propagation along different arrows), or
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3) Ambiguous attachments (i.e., different arrow segments, all attached to the same box, that can
be implicitly identified by the same arrow label vialabel propagation along different arrows).

In particular, an ICOM label for an input, control, or mechanism boundary arrow may identify all
unidentified branching arrow segments, including subsequent arrow segments of that boundary
arrow and arrow segments that branch from it. In addition, an ICOM label for an output boundary
arrow may identify all unidentified joining arrow segments, including antecedent arrow segments
in that boundary arrow and arrow segments that join it.

b) After ICOM labels of boundary arrow segments have been propagated, the arrow |abels attached to
other root arrow segments may be similarly propagated to branching arrow segments. The meaning
of such root arrow segments, expressed either explicitly by an arrow label or implicitly ‘by
propagation of an ICOM label, may be propagated through all connected arrow segments, unless,
as with boundary arrow ICOM labels, such propagation is halted by a labeled seginent, an
ambiguous segment, or ambiguous attachments.

Only ICOM labels and then arrow labels attached to the root segment of a branch may<be propagated. In
particular, an explicit arrow label attached to an arrow segment formed by joining-atew segments may
not be propagated to those joining arrow segments. In contrast, if such a root segment may be implicitly
identified by propagation of an ICOM label, the implicit identity of the bundled root segment may
propagate to other, unidentified joining arrow segments.

6.4 Ambiguous arrow segments

The meaning of an arrow segment may propagate to another arrow segment only if it is the only meaning
that may be propagated to that arrow segment. An ambiguous-arrow segment arises if the meaning of the
same arrow segment can be differently implied by thejpropagation of different labels along different
arrows. An ambiguous arrow segment shall be explicitlyrlabeled and may not be implied. A label may
neither be propagated to nor through an ambiguous segment. In particular,

a) The meaning of an arrow segment may not propagate to an unidentified arrow segment that
connects two arrow segments by branehing from one and joining to the other, whether |abeled
explicitly or implicitly by propagation.

b) The meaning of an arrow segment may not propagate to an unidentified arrow segment that results
from the join of arrow segments that have different meanings. Similarly, the meaning of an arrow
segment may not propagate to an unidentified arrow segment that is the root of branching arrow
segments that have different meanings, whether labeled explicitly or implicitly by propagation.

6.5 Ambiguous arrew attachments

The meaning ofCan~arrow segment may propagate to only one arrow segment attached to a given box.
Ambiguous affew attachments arise if the meaning of an arrow segment can be propagated along different
arrows tomultiple arrow segments attached to the same box. An arrow segment with an ambiguous arrow
attachment shall be explicitly labeled and may not be implied. A meaning may not be propagated to an
arrow segment with an ambiguous attachment. In particular,

a) The meaning of an arrow segment may not propagate to any output arrow segment attached to a

given box if that meaning can also propagate to any input, control, or mechanism arrow segment
attached to the same bhox. An arrow. mgmmf meani ng-may. Ir_\rnpmd:afa toan ol |tp| L arrow Qngmm’r if

and only if that arrow segment label cannot also propagate to any input, control, or mechanism
arrow segment attached to the same box.

b) The meaning of an arrow segment may not propagate to any output arrow segment attached to a
given box if that meaning can also propagate to any other output arrow segment attached to the
same box. An arrow segment meaning may propagate to an output arrow segment attached to a
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given box if and only if that arrow segment label cannot also propagate to any other output arrow
segment.

¢) The meaning of an arrow segment may not propagate to any input, control, or mechanism arrow
segment attached to a given box if that meaning can also propagate to any other input, control, or
mechanism arrow segment attached to the same box. An arrow segment meaning may propagate to
an input, control, or mechanism arrow segment attached to a given box if and only if that arrow
segment label cannot also propagate to any other input, control, or mechanism arrow segment.

6.6 Arrow role conventions

A significant IDEFO graphical convention allows a single control arrow to represent both control and
input for the same box if these arrow segments both branch from the same root. In this exceptional
convention, roles rather than objects are bundled in the control arrow. This convention reduces the
complexity of a diagram and emphasizes the control role of the bundled arrow; these,features are
displayed in Figure 11. An arrow attached to an ancestral box as a control can appear in-a descendent
diagram as a control, as an input, or as both a control and an input, depending on the felationship of the
bundled arrow to the activities modeled in the descendent diagram. When this cenvention is used, the
detail of separate input and control roles shall be shown in a descendent diagram.\Fhe diagram exhibiting
this detail shall show the unbundling of these arrow roles into separate inputs’and controls and their
attachments to different boxes for different purposes.

An object may have more than one role with respect to an activity; théxele is not inherent in the nature of
the object. This convention allows two roles to be represented by onejarrow for convenience and to reduce
diagram clutter. This convention does not change control semantics into input semantics: an object in the
role of control may not be transformed into output, white.an object in the role of input must be
transformed into output.

6.7 Activations

Models are general descriptions. they descrife' the general structure of a given process, the pattern
exhibited by any given instance, or activation, of that process. It is very important to note that there need
not be a contribution from every input, control, and mechanism arrow attached to a box in every activation
of the function represented by the box, nor need there be output of the sort indicated by every output
arrow. Under different circumstances, a box may perform selected parts of its function using different
combinations of input, control, ‘and mechanism to produce different output. Hence, in general, a diagram
represents many different passible activations of any modeled process.

In particular, any attachment of an arrow to a box as input, control, or mechanism expresses an activation
constraint, that is,aarequirement for a nonempty object set in a particular role as a precondition to some
execution of the@etivity; the function cannot act to produce some output in the absence of objects specified
by the nonempty object set. Which activations of a function are so constrained is determined by the
decomposition diagrams that detail the box to which the activation constraint applies.

6.8<Concurrent activation

Several functions in amodel may be performed concurrently, if the needed constraints have been satisfied.
As illustrated in Figure 22, output of one box may provide some or al the physical and data objects

needed for activations of one or more other boxes. When output of one box provides some or all the input,
control, or mechanism needed by another box, a given activation of the latter box may depend on
sequential performance.
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7. IDEFO diagrams

Several types of diagrams exist within an IDEFO model. This clause identifies and discusses the types of
IDEFO diagrams and their relationships.

The graphic IDEFO diagram is the primary component of an IDEFO model. An IDEFO diagram contains
named boxes and labeled arrows; a diagram structures these graphic elements in accordance with the
syntactic and semantic rules of IDEFO. A box represents a function (see 6.1). A function may be analyzed
or decomposed into a more detailed diagram, and the boxes in such a decomposition diagram may in turn
be further decomposed into diagrams providing additional detail. Such decomposition continues until a
subject isrendered at the level of detailed exposition necessary to support the stated purpose of a particular
model.

The starting point for this analysis is the A-O context diagram, which provides the most general or
abstract description of the subject represented by a model. The A-0 context diagram introduces a series of
one or more decomposition diagrams, starting with the A0 diagram, which provide successively deeper
analysis of the modeled subject.

The A-0 context diagram aso defines the immediate context of the A0 function of an IDEFO model;
optional context diagrams may provide further environmental context to<expand and augment this
immediate context. These optional context diagrams include the A-1 conteXtydiagram.

All decomposition diagrams in an IDEFO model descend fromxthe model’s A-O context diagram.
Conversely, all context diagramsin an IDEFO model arise from themodel’s A0 decomposition diagram.

7.1 Diagram identification

A diagram is identified within an IDEFO model by both a unique diagram number (see 10.3) and a unique
diagram title. The diagram number and the diagramtitle that identify a diagram shall be recorded on the
diagram page that contains the identified diagram. With the exception of the A-O context diagram and of
the highest optional context diagram, the diagram title shall be the same as the box name of the diagram’s
parent box and the diagram number shall*be the same as the node number of the diagram’s parent
function.

Neither the A-O context diagramner the highest optional context diagram has a parent box from which to
inherit its diagram title nor a-parent function from which to inherit its diagram number. A diagram title
for these diagrams shall cambine the phrase “Context of” with a substantive equivalent of the box name of
the most important box.in the diagram. For example, given an A-O context diagram whose single box
contains the box name-“Build Ship,” the diagram title of this context diagram would be “ Context of Ship
Building.” In contrast, the diagram numbers for these context diagrams are a part of the IDEFO language
itself (see 10.3):

7.2 A-O‘eontext diagram
An-IDEFO model shall include an A-0O context diagram (see Clause 4) to be parent to the model’s AO

decomposition diagram. This diagram identifies the model, determines the subject of the model, and
defmm the scope of analyss to be |ncI uded in the model. This dlagram also deflneﬁ the model S mterfaces

0 context dlagram " where “A-0" is pronounced “A minus zero,” regardless of the actual node letter used
inamodel (see 10.2).

The only function shown in an A-0 context diagram is the A0 function of a model. In the A-O context
diagram of amodel, the AO function of the model is represented by box 0. This A0 function represents the
whole of the subject of the model; it is the unique parent of the entire modeled subject and thus the
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ancestor of all activities modeled. By representing the A0 function, the A-O context diagram sets a model’s
scope, that is, the boundaries of what may be included in that model.

The necessary and sufficient context required to understand and to analyze the A0 function according to
the model’s viewpoint and purpose is given by boundary arrows that identify inputs, controls, and
mechanisms required by the A0 function and outputs that it produces. The inputs, controls, and
mechanisms for the AQ function are made available by activities that are outside the scope of a model.
Similarly, the outputs of the AQ function are used by activities that also are outside the scope of a model.

These external actviTties shall not be analyZed of represented in the decomposition diagrams of a model .
Because the context for the A0 function as given by the A-O diagram does not identify these externa
functions, this context is often called the immediate context of the AO function.

All decomposition diagrams are strictly bound in scope to the limits of the A0 function as specifiec\by the
A-0 context diagram. In particular, the boundaries of a model’s A0 decomposition diagram are precisely
coextensive with the boundaries of the model’s A-O context diagram. Thus, an A-0 context diagram is the
strict parent of its AO decomposition diagram and the ancestor of all further decomposition diagrams.

The A-0 context diagram of an IDEFO model shall contain only one box, box 0, whichH represents the A0
function of the model. The A-O context diagram shall present the modelrname, the model name
abbreviation, and brief text statements that specify the viewpoint and the purpose of the model; these
statements will guide and constrain the model’s development. Boundary arrfows connected to box 0 shall
identify the necessary and sufficient inputs, controls, mechanisms, and-eutputs required to establish the
immediate context of the A0 function. These boundary arrows may “not have ICOM codes or tunnel
notations at their unconnected ends.

All decomposition diagrams in an IDEFO model descend from the mode’s A-O context diagram.
Conversely, al context diagrams in an IDEFO model arisexfrom the model’s AO decomposition diagram.
Due to its unique responsibility to define the purpose.and scope of an IDEFO model, an A-O context
diagram does not itself have a parent diagram; instead] the parental context of the A-0 diagram is defined
by the IDEFO language to be the token TOP (seed'so 7.7).

An example A-0 context diagram is shown-in'Figure 23.
7.3 Model name

Each model shall be given a unigque, descriptive model name that distinguishes it from other models. A
unique model name abbreviation shall be derived from this model name; the model name abbreviation is
used to construct diagram neference expressions.

A model’s full namejand its abbreviation shall be placed together in the A-0 context diagram of the IDEFO
model. A model hame abbreviation shall consist of two or three uppercase a phanumeric characters. For
example, amodel named “Manufacturing Operations” may be abbreviated MFG (see 10.6 for a discussion
of diagram.references). A model name abbreviation is typically given in parentheses following the model
name,.itrthis way: “Maritime Pipe Laying (MPL).” A model name is arequired textual element in an A-0
context diagram, and, therefore, shall not be marked as a model note. Each model shall have only one
madel name and one model name abbreviation.

7.4 Model \/imAlpninf

A viewpoint statement guides and constrains a model’ s development. This statement determines what can
be seen within a model’s context and shapes what a model will notice and pay attention to. Different
viewpoints emphasize different aspects of the same subject and necessitate different models. Functions,
objects, and data that are important in one viewpoint may not even appear in a model developed from
another viewpoint of the same subject.
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The viewpoint statement for a model shall be placed in the A-O context diagram of the model and is a
brief sentence that identifies a person or a personified role. The perspective of this person or role
determines the model’s viewpoint. A viewpoint statement is a required textual element in an A-0 context
diagram, and, therefore, shall not be marked as a model note. Each model shall have only one viewpoint
statement.

7.5 Model purpose

A purpose statement guides and constrains a model’s development and expresses the reason a model IS
created. The purpose statement determines the question that is to be answered by a model. When the
purpose statement is fulfilled by a satisfactory answer to the question posed, the modeling effort
concludes.

The purpose statement for a model shall be placed in the A-0 context diagram of the model and. is a brief
sentence that identifies the question addressed by a model. A purpose statement is a requifed textual
element in an A-0 context diagram, and, therefore, shall not be marked as a model note,/Each model shall
have only one purpose statement.

7.6 Optional context diagrams

An IDEFO model may include context diagrams (see 7.2) that provide a fuller exposition of the
environment of a model. These optional diagrams examine the environment of the A0 function and model
a broader scope than the A-O context diagram. Because optional context diagrams incorporate functions
that are outside the scope of a model’s decomposition diagrams,-these diagrams are often called the
environmental context of the A0 function.

By providing a more extensive description of a modeled system’s environment, optional context diagrams
provide more constraining specifications on the boundary conditions of a modeled system. Contextual
modeling provides details about the sources and uses'of the physical and data objects modeled as boundary
arrows in the A-O context diagram. Such detail may not precisely match any particular “real world”
environment but this detail is not intended to®e definitive. Optional context diagrams serve their purpose
sufficiently by describing typical environmental contexts.

Optional context diagrams add functions to the environment of the A0 function of a model. These
functions are outside the scope- of the A0 diagram as established by the A-O context diagram. The
boundary arrows of the A-O context diagram specify the inputs, controls, and mechanisms required by the
A0 function and the outputsiit produces. These neighboring functions provide the A0 function with these
inputs, controls, and mechanisms. These functions can also use outputs of the AQ function for their own
activations. Optional ‘eontext diagrams illuminate this set of mutually constraining dependencies and so
define an environment that is necessary for the AO function to operate.

¥ The Aflrcontext diagram. The first of the optional context diagrams is the A-1 context diagram.
The A*1 context diagram (pronounced “A minus one”) is constructed to be a second parent to a
model’s A0 decomposition diagram (see also 7.2). This parent/child relationship between the A-1
and the AO diagrams links the optional context diagrams to the decomposition diagrams that
descend from the A-O context diagram. Because the AO function appears in both the A-0 and A-1
context diagrams, both context diagrams are parents of the model’s AO diagram. If present, the A-1
context diagram replaces the A-0 context diagram as the parental context of the AO diagram.

% Lineal ancestry. Optional context diagrams include high-level context diagrams and their
contextual descendants. High-level context diagrams are lineal ancestors of the A0 diagram
because they decompose the lineal ancestors of the AO function. Their contextual descendants
decompose other functions that are not lineal ancestors of the A0 function. The high-level context
diagrams A-1, A-2, A-3, A-4, A-5, A-6, A-7, A-8, and A-9 are defined as the lineal ancestors of the
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AOQ diagram. The A-1, A-2, A-3, A-4, A-5, A-6, A-7, and A-8 functions are defined as the lineal
ancestors of the A0 function.

The A-1 context diagram is one parent of the AQ diagram (the other parent is the A-O context diagram).
The grandparent of the A0 diagram is the A-2 context diagram, the great-grandparent of the A0 diagram
is the A-3 context diagram, and so on, through the A-9 context diagram, which is the highest ancestry
allowed. (An A-1 context diagram is not parent to the A-O context diagram.)

A model may contalin up 1o nine ineal ancestors 1o the AU diagram as optional context diagrams. 1he 1ast
ancestral diagram in a sequence of lineal ancestors will have no parent diagram and is called the highest
optional context diagram. All parent/child diagram relationships between the highest optional context
diagram and the AO diagram must be included in amodel. Thus, if the highest optional context diagram.is
the A-5 context diagram, then the A-1, A-2, A-3, A-4, and A-5 context diagrams must al be included in
the model.

Figure 25 illustrates, in node-tree form, the diagram structure of a possible environmental context for the
A0 function of an IDEFO model. Both the A-0 and the A-1 context diagrams are’ parents to the A0
diagram. The A-2 and A-1 context diagrams are lineal ancestors of the A0 decomposition diagram. The
A-2 diagram is the grandparent of the A0 diagram and the highest context diagram in this model. The A-
24 and A-212 context diagrams are contextual descendants of the lineal ancestor A-2. The A-13 and A-
141 context diagrams are contextual descendants of the lineal ancestor A-1~Note that all context diagrams
are characterized by negative diagram numbers. Note also that the A-2¢diagram is parent to diagrams A-
21, A-22, A-1, and A-24. By the rules that associate box numbers, node numbers, and diagram numbers,
there must be boxes with box numbers 1, 2, -1, and 4 in diagram,A-2) Diagrams A-21, A-22, and A-24 are
contextual descendants of the A-2 diagram while diagram A-1salinea ancestor of the A0 diagram.

A model may contain any number of optional context: diagrams; functions shown in optional context
diagrams may be decomposed in the ordinary way (see’?.7). A function that provides or uses physical and
data objects modeled as boundary arrows in the A-Q-diagram may be represented by a box in any optional
context diagram. The environmental context is not-required to identify functions to provide every input,
control, or mechanism or to use every output-defined in the A-O diagram. A boundary arrow in the A-0
diagram may also be represented as a boundary arrow in the highest optional context diagram, and such
representation indicates that the source.0p use of this physical or data object is not examined within the
presented environmental context.

Optional context diagrams shall\fallow the same syntactic and semantic rules as decomposition diagrams,
with these exceptions:

a) Diagrams, funetions, and boxes that represent the lineal ancestry of the A0 function shall be
numbered using-predefined negative numbers (see Clause 10).

b) In each-optional context diagram that is a lineal ancestor of the A0 diagram, one box shall be
assignedia negative box number.

c) ANfunction that is a lineal ancestor of the AQ function, i.e., a function identified in an optional
context diagram by a predefined negative node number, shall be decomposed.

d) A box with a negative box number represents a function that is alineal ancestor of the A0 function.
Such abox shall have abox detail reference.

shall correspond to a boundary arrow on the child d|agram Arrow tunnelmg is not permitted in
any optional context diagrams, except to show tunnel notation that may have been used in the A-O
diagram.

Additional requirements for the A-1 context diagram are
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¥ The A-1 context diagram shall contain one box with the box number 0 to represent the A0 function
of amodel (see 10.1).

¥ The immediate context of the A0 function as specified in the A-O diagram shall be repeated in the
A-1 diagram, that is, all physical and data objects modeled by boundary arrows attached to box 0 in
the A-0 context diagram shall be also be represented by arrows attached to box 0 in the A-1 context
diagram. Only those arrows shown in the A-O context diagram may be attached to box 0 in the A-1
context diagram; no additional arrows may be attached to box 0 in the A-1 diagram.

An example A-1 context diagram is shown in Figure 24.

Additional requirements for the highest optional context diagram are

¥ The parental context of the highest optional context diagram is defined by the IDEFO language as
the token NONE.

¥ Aswith the A-0 diagram, boundary arrows in the highest optional context diagram‘may not attach
to ICOM codes.

7.7 Decomposition diagrams

Decomposition is the partitioning of a modeled function into its componentfunctions. A decomposition
diagram is a diagram that shows the detail of boxes and arrows for guch’a decomposition. The single
function represented in the A-0 context diagram is decomposed into itssmajor subfunctions by creating its
decomposition diagram. In turn, each of these subfunctions may bé decomposed, each creating another
lower-level decomposition diagram. A decomposition diagramis also caled a child diagram, and the
diagram that contains the box that is detailed by the decomposition is also called a parent diagram. Some
of the functions, none of the functions, or all of the functions in a given diagram may be decomposed.
Each decomposition diagram contains the boxes and arrows that provide additional detail about the
decomposed box.

The diagram that results from the decomposition™of a function covers the same scope as the box it details.
Thus, a decomposition or child diagram may;be thought of as the interior of the parent box it details. This
decomposition structure isillustrated in Figure 26.

7.8 Parent/child diagram reldtions

A parent diagram is a diagram that contains one or more parent boxes, i.e., a box that is detailed by a
decomposition diagram. Every ordinary (noncontext) diagram is also a child diagram, since by definition
it details a parent boX. Thus a diagram may be both a parent diagram (containing parent boxes) and a
child diagram (detailing its own parent box). Likewise, a box may be both a parent box (a box detailed by
a child diagrani)“and a child box (a box that appears in a child diagram). The primary hierarchical
rel ationship.iStetween a parent box and the child diagram that detailsiit.

Thus AG:is always the node number of the top-level function in a model and at the same time the diagram
nunber ‘of its child diagram; together, these represent the whole model. The model’ s parent AO function is
always detailed by functions with node numbers A1, A2, A3, to at most A9.

The parental context provides or names the context for a diagram without its own parent diagram. If there

isno A-1 context diagram, the parental context of the A0 diagram is the A-O context diagram. If there is
an A-1 context diagram, the A-1 diagram is taken to be the parent of the AO diagram.

A box that is not further decomposed is called a leaf node of the decomposition. A leaf node is represented
as a box that does not have the enclosed corner known as a box detail reference.
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8. IDEFO model pages

Each diagram in an IDEFO model is associated with several model pages. These pages are identified and
discussed in this clause.

A model page is associated with and provides information supporting a specific diagram. A model pageis
cross-referenced to other model pages by page references, which tie each model page to its associated
diagrams. A page reference for amodel page is formed by appending one or more page type letters to the

diagram reference of an associated diagram (see 10.7).

A model page that provides general or global information for an entire model rather than for one specific
diagram shall be associated with the A-O context diagram.

A model page may be presented on an IDEFO standard diagram form (SDF).
8.1 Diagram pages

A diagram page is amodel page that contains an IDEFO context or decomposition diagram. Each diagram
in an IDEFO model shall be presented on a separate diagram page. A diagram page may be designated in
a page reference by the page type letter “D.”

8.2 Text pages

A text page is amodel page that contains information primarily<{presented in words rather than pictures or
graphics. A text page may supplement a model page of any type) A text page shall be designated in a page
reference by the page type letter “T.”

At least one text page is required to describe each diagram in a model. This text page shall provide a
concise overview of the diagram. Text shall be\used to highlight features, structures, and interbox
connections and to clarify the intent of items and patterns considered to be of significance. Text shall not
be used merely to describe, redundantly, the meaning of boxes and arrows.

8.3 Glossary pages

A glossary page is a model (page that contains terms and their definitions. A glossary page may
supplement a model page of any type and shall be designated in a page reference by the page type letter
HG.H

a) Model glossary. Instead of individual glossary pages, a single alphabetically sorted glossary may be
provided for all terms used an IDEFO model.

b) Glossary, entries. A glossary entry shall include the text of the term to be defined and the text of its
defifition. The text of a glossary term shall be identical to the text of the term as it appears in the
diagrams of the model.

Each arrow label in a model shall be defined as a glossary entry. The definition for an arrow |abel
shall include a description of the content of the arrow segment that the arrow label identifies, i.e.,
the arrow meaning. If an arrow segment is a bundled collection of other arrows, the definition shall

fdentty the arrows in the bundie.
Each box name in a completed model that corresponds to a leaf node shall be defined as a glossary

entry. The definition for aleaf node' s box name shall describe the function represented by the box,
as though the box had been decomposed.
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A box name that corresponds to a decomposition diagram (i.e., a nonleaf node) may be included as
a glossary entry. The definition for a box detailed by a child diagram shall be of the form “See
(diagram number of the function’s decomposition).” For example, the definition for some function
A32 Prepare Glossary Definitions that is the parent of a decomposition diagram A32, would be:
“Prepare Glossary Definitions. See diagram A32.”

Terms that may be useful for understanding a diagram (e.g., key words, phrases, acronyms) or
terms used to construct arrow labels and box names (e.g., constituent terms) may be included as

giossary entries.
8.4 FEO pages

A FEO (pronounced “fee-oh”) page is a model page that contains information primarily presented in
pictures or graphics rather than words. A FEO page may supplement a model page of any type and shall
be designated in a page reference by the page type letter “F.”

As required, FEO pages may be used to supplement a diagram. A FEO page shallvbe used where
additional graphically oriented information is required to adequately understand<ar specific area of a
model. Such supplementary information should be limited to what is needed to @chieve the stated purpose
of a diagram for a knowledgeable audience. The contents of a FEO page need not comply with IDEFO
syntax rules.

8.5 Other pages

As required, other types of pages may be defined with a meaning and usage specific to a particular model,
modeling process, or modeling project, e.g., kit pages withinéa model construction kit cycle.3 A page type
letter shall be assigned for each such type of page; this.page type letter shall then be used to create page
references for model pages of that type.

9. IDEFO diagram features

This clause discusses specific featuresfound in an IDEFO diagram, including box and arrow layouts that
have syntactic significance, ICOM cogding, arrow tunneling, and model notes.

9.1 Boxes

Except for the A-0 contéxt diagram, a diagram shall contain a minimum of two and a maximum of nine
boxes. Boxes are normally organized diagonally from the upper left corner to the lower right corner, i.e.,
in a configuration.resembling a staircase descending to the right. This diagonal organization of boxes
allows input, centrol, output, and mechanism (ICOM) boundary arrows to be drawn directly to each box
without routiig/around other boxes. An arrow and a box shall not occupy the same space nor overlay each
other in @diagram; an arrow that does not attach to a box shall go around the box.

9.2.Interbox connections

Any output arrow may provide some or al of the input, control, or mechanism physical or data objects to

any other hox__An outnut arrows may. prn\/irin ph\]/dr\nl and-data nhjmfc to-several hoxes h\]/ branchi Agr-as
T

shown in Figure 27.

3The IDEF kit cycleis outside the scope of this standard.
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If abox in adiagram is detailed by a child diagram, each arrow connected to the parent box shall appear
in the child diagram, unless the arrow is tunneled at a side of the parent box (see 9.4). The arrow labels of
arrows attached to a parent box shall be identical to the arrow labels of the boundary arrows in its child
diagram.

Each box in a diagram shall be connected by some sequence of arrows and boxes to at least one control
boundary arrow and to at least one output boundary arrow in that diagram. An unconnected box may not
appear in adiagram.

In a diagram, physical and data objects are represented by internal arrows and by boundary arrows. An
internal arrow is an arrow that is attached at both head and tail to boxes in the same diagram. An interpal
arrow represents the output of one function that is used as the input, control, or mechanism for another
function in the same diagram. In contrast, a boundary arrow is an arrow that is attached at only one end,
either head or tail, to one box in a diagram; the unconnected end represents a connection t@ an arrow
segment attached to a box in an ancestral diagram. Internal arrows and boundary arrows are’shown in
Figure 28. Boundary arrows are discussed in detail in 9.3.

Loopback refers to an internal arrow that is the output of a box whose box number is gfeater than the box
number of the box that uses that arrow as input, control, or mechanism. Asillustrated in Figure 29,
control loopback shall be drawn as “up and over.” Asillustrated in Figure 30,/6th input and mechanism
loopback shall be drawn as “down and under.”

9.3 Boundary arrow segments

Boundary arrows on a decomposition diagram represent the igputs, controls, outputs, and mechanisms of
the diagram’s parent function. The source or use of these boundary arrow segments can be found only by
examining the parent diagram. Each boundary arrow inya child diagram shall have the same name as
exactly one arrow segment attached to an ancestral box of that diagram, as shown in Figure 31.

There shall be a one-to-one correspondence between the arrow segments attached to a parent box and the
boundary arrow segments of its decomposition*diagram. Input, control, or mechanism boundary arrows
that represent the same physical and data objects shall be connected through a branch; the boundary arrow
segment shall branch into as many arrews as required for the diagram. Multiple output boundary arrows
that represent the same physical and-data objects shall join to form a single output boundary arrow
segment. Branching inputs and jeifiing outputs are illustrated in Figure 32.

A boundary arrow segmentishall connect an ICOM code to a box or a junction. A boundary arrow
segment may not connect two ICOM codes.

9.3.1 ICOM coding of boundary arrows

An ICOM cade maps a boundary arrow in a diagram to an arrow attached to an ancestral box of that
diagram¢The use of ICOM codes, athough optional, is strongly encouraged because they are required to
form reference expressions.

Ascomplete ICOM code is a diagram feature reference that explicitly identifies a diagram, a box, a side of
the box, and an ordinal point of attachment of an arrow to that side of that box in that diagram. Examples
of complete ICOM codes are given in Table 4, ICOM codes are of two types: boundary ICOM codes and

box ICOM codes. Boundary ICOM codes are used to map an untunneled boundary arrow in a child
diagram to an arrow attached to the parent box that is detailed by that diagram. Box ICOM codes are used
to map tunneled boundary arrows to an arrow attached to some ancestral box. Box ICOM codes and their
use are discussed in 9.4.
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9.3.2 Boundary ICOM code

When ICOM coding is used, the unconnected end of an untunneled boundary arrow shall be attached to a
boundary ICOM code. A boundary ICOM code consists of an ICOM letter (I, C, O, or M) followed by an
ICOM number (i.e., a nonzero positive integer). The ICOM letter signifies that the boundary arrow maps
to an arrow attached to the parent box of the current diagram as an input, control, output, or mechanism.
The ICOM number signifies the ordinal position at which that arrow is attached to the parent box. The
order of attachment is counted from left to right for control and mechanism arrows or from top to bottom

for-mput—andoutput—arrows—Forexampte—theboundary +€OM—code €3 ndicatesthatthe—untunneted
boundary arrow attached to the ICOM code corresponds to the third control arrow attached to the top side
of the decomposition diagram’ s parent box, counting from the left.

Boundary ICOM codes relate a child diagram to its own immediate parent box. Boundary ICOM cedes are
assigned anew for every decomposition diagram. The boundary ICOM codes of one diagrarh |have no
relationship to boundary ICOM codes on any other diagram. Boundary ICOM codes always map the
boundary arrows of a child diagram to arrows attached to that diagram’s own immediate parent box.

A boundary ICOM code indicates an arrow’s role with respect to a child diagram’ s{arent box. A parental
output arrow requires an output boundary arrow in the child diagram. However) a parental arrow with
another role—input, control, or mechanism—does not determine the role of{its-Corresponding boundary
arrow in the child diagram. The arrow roles of input, control, and mechanism'may change between parent
box and child diagram. Ordinarily, as shown in Figure 26, arrow roles‘for parent box and detailing
diagram do match, i.e., an input for a parent box is aso an input.for’one or more boxes in the child
diagram. However, a control arrow attached to a parent box may befeither input or control for boxesin the
child diagram. Similarly, a mechanism for a parent box may-be an input for one or more boxes in the
child diagram. Figure 33 shows examples of boundary arrowSthat change their roles.

9.4 Tunneled arrows

A tunneled arrow hides physical and data objects from areader’s view as the arrow logically traverses one
or more diagrams. An arrow may be tunnelegsbwhen the arrow’s meaning—the physical and data objects
that the arrow represents—can be ignored.for one or more diagrams that are hierarchically consecutive
within amodel.

An arrow may be tunneled for any diagram. An arrow may be tunneled for any number of hierarchically
consecutive diagrams, including-eontext diagrams and leaf diagrams without children. A tunneled arrow
shall traverse at |east one diagram before it may be made visible again. An arrow tunneled into or out of a
box shall not be visible inthe diagram that details that box; symmetrically, an arrow tunneled into or out
of adiagram shall not(be visible in the parent diagram.

Formally, a tunneled arrow may only exist between an ancestral box and a descendent diagram. Further,
the most anceéstral box of any tunneled arrow is box 0 of the A-O context diagram. A tunneled arrow may
not disappear or reappear in the A-1 context diagram nor in any higher context diagram.

9.4.3 )Tunnel notation

The tunnel notations illustrated in Figures 34 and 35 mark the disappearance and reappearance of
tunneled arrows. A tunnel notation shall be made by bracketing the head or the tail of an arrow segment

within a pair of short, shallow arcs that are drawn to resemble a pair of left and right parentheses
characters. Applying tunnel notation to an arrow is called “tunneling” the arrow.

There are two possible paired applications of tunnel notation. The first paired application of tunnel
notation is used to tunnel input, control, and mechanism arrows in. The second paired application is used
to tunnel output arrows out.

a) Totunnel an input, control, or mechanism arrow in, follow the steps below:
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1) Tunnel notation shall be applied to the head of an input, control, or mechanism arrow where
the arrow is attached to a box, as shown in Figure 34. Such a disappearing arrow is said to be
“tunneled into the box.” A model note which contains a diagram reference to the descendent
diagram where the tunneled arrow reappears may be placed by the disappearing arrow.

2) The tunneled arrow shall be omitted from one or more hierarchically consecutive descendent
diagrams. The tunneled arrow is now “in the tunnel.” The tunneled arrow disappears until it
reappears at the boundary of a descendent diagram.

3)_ Tunnel notation shall be appiied 1o the tall of the INpat, control, or mechanism boundary arrow
in the diagram where the tunneled arrow reappears, as shown in Figure 35. Such a
reappearing arrow is said to be “tunneled into the diagram.” If ICOM coding is used, the tall
of this arrow shall be attached to a complete box ICOM code; if ICOM coding is not used,‘a
model note that contains a complete box ICOM code for the ancestral box where the tunneled
arrow disappears shall be placed by the reappearing arrow.

An arrow tunneled into a box shall also be tunneled into a descendent diagram that details that
box. Conversely, an arrow tunneled into a diagram shall also be tunneled into’anvancestral box of
that diagram.

In the case that a required descendent diagram does not exist becausethe A0 activity has not been
decomposed to that level in a model, a model note shall be placed-by, the tunneled arrow where it
tunnels into or out of a box. This model note shall identify as clearly as possible the activity that
would be detailed by the diagram where the tunneled artow presumably would reappear (if
tunneled into the box) or disappear (if tunneled out of the box).

b) To tunnel an output arrow out, follow the steps below:

1) Tunnel notation shall be applied to the head of an output boundary arrow, as shown in Figure
35. Such a disappearing arrow is said to be“tunneled out of the diagram.” If ICOM coding is
used, the head of the arrow shall be attached to a complete box ICOM code; if ICOM coding is
not used, a model note that contains,a‘complete box ICOM code for the ancestral box where
the tunneled arrow reappears shalle placed by the arrow.

2) The tunneled arrow shall be-omitted from one or more hierarchically consecutive ancestral
diagrams. The tunneled arrow is now “in the tunnel.” The tunneled arrow disappears until it
reappears attached to the'side of an ancestral box.

3) Tunnel notation shall-applied to the attached tail of the output arrow, as shown in Figure 34,
in the diagram Where the tunneled arrow reappears. Such a reappearing arrow is said to be
“tunneled out of the box.” A model note that contains a diagram reference for the descendent
diagram where the tunneled arrow disappears shall be placed by the reappearing arrow.

An arrow-tunneled out of a descendent diagram shall also be tunneled out of one of that diagram’s
ancestrab boxes. Conversely, an arrow tunneled out of an ancestral box shall also be tunneled out of
atAeast one of its descendent detailing diagrams.

9.4.2_JComplete box ICOM code

A boundary arrow that is tunneled into or out of a diagram corresponds to an arrow attached to a box in
an ancestral diagram. A _complete box ICOM code is a reference expression that identifies the point of

disappearance of atunneled input, control, or mechanism arrow or the point of reappearance of atunneled
output boundary arrow. Just as an untunneled boundary arrow is mapped to an arrow attached to a
diagram’s immediate parent box on its parent diagram by a boundary ICOM code, a complete box ICOM
code maps a tunneled boundary arrow to an arrow attached to a specific box in a specific ancestra
diagram.
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If ICOM coding is used, the unconnected end of a tunneled boundary arrow shall be attached to a
complete box ICOM code. Following the syntax of a diagram.feature reference (see Clause 11), a
complete box ICOM code is a diagram.icom reference, where the icom reference is a box ICOM code. A
complete box ICOM code consists of a diagram number, a period, a box number (i.e., a single digit), an
ICOM letter (I, C, O, or M), and an ICOM number (i.e., a nonzero positive integer). The diagram number
specifies the ancestral diagram that contains the box specified by the ICOM box number. The ICOM letter
signifies that the boundary arrow maps to an arrow attached to that ancestral box as an input, control,
output, or mechanism. The ICOM number signifies the ordinal position at which that arrow is attached to

the ancestral box. The order of altachment IS counted from it to rignt Tor control and mechanism arrows
or from top to bottom for input and output arrows. For example, the complete box ICOM code A42.3C3
indicates that its attached tunneled boundary arrow corresponds to the third arrow, counting from the lgft,
attached to the top or control side of the third box in diagram A42 of the current model.

In the case that the ancestral box isbox 0 of the A-0 context diagram, the complete box |COMcode is A-
0.0Ln, where L isthe ICOM letter and n is the ICOM number. Note that the diagram referenceA-1 is not
alowed in an ICOM code. For example, the complete box ICOM code for the attachment of an arrow as
the second control to box 0 in the A-0 diagram would be A-0.0C2. Because only ong bex 0 exists in an
IDEFO model (although it may be represented both in the A-O context diagram.and‘in an A-1 context
diagram), the box ICOM code 0C2 is itself not ambiguous. Because of this, by syntactic convention, the
context diagram reference may be omitted from the ICOM code for an arrow.explicitly tunneled into box 0
of the context diagram.

Another important syntactic convention is allowed for the case that the-ancestral box is box 0 of the A-0
context diagram but the arrow is not explicitly shown in the context diagram. All external interfaces to
any decomposition activity of the AO activity are logically required to be interfaced to the A0 activity.
However, because every decomposition activity is completely within the scope of the A0 activity, it may
not be graphically appropriate to explicitly render eachusuch arrow or to express such arrows at an
appropriate level of abstraction in the context diagram:’In this case, the complete box ICOM code is
simply A-0.0L, where L is the ICOM letter and the SHorthand allowed by syntactic convention is simply
OL. For example, a low-level output arrow, tunnéled out of a diagram deep within a decomposition
hierarchy, which the modeler chooses not to present in the context diagram, may use 0O as its complete
box ICOM code.

Figures 36 through 41 illustrate the correct representation of tunneled arrows.
9.5 Model notes

A model note is ablock(of)text or a graphical figure, such as an icon or photograph, that has been placed
in a diagram by the'diagram’'s author. Model notes are optional elements of a diagram and have no
syntactic significance."However, once placed by an author, a model note is considered a permanent and
essential compernent of a diagram. (In contrast, reader notes may be placed on a diagram by readers and
authors when'aimodel is reviewed. Reader notes are transient comments, questions, and responses about a
diagramut-are not part of the diagram.) In a diagram, each model note shall be identified by an integer
numberplaced inside a small square; such a boxed number is caled a model note number. Numerous
examples of model note numbers and the model notes they identify are in the figures that illustrate this
document.

In a given diagram, madel note numbers shall form a consecutive sequence, starting with the number 1. A

reference to a model note in accompanying text may use an alternate notation that is supported by
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commonly available fonts: a model note number may be written as an integer number bracketed by
vertical lines. For example, the notation |4| refers to model note 4 in a diagram?.

A model note provides information that is an integral part of a diagram’s message but is not well
expressed by IDEFO box-and-arrow syntax. If a model note refers to a specific diagram feature, this
feature shall be identified by an diagram feature reference in the model note. If a model note applies to
more than one place or feature of a diagram, a copy of its model note number may be placed by each of
these features. A model note number shall be in the same diagram as the model note it identifies.

10. IDEFO reference expressions

The basic unit of an IDEFO reference is the node number, which identifies a function in an IDEFO.model.
The IDEFO language defines the origin of the IDEFO coordinate system to be the node numbén A0 and
provides a carefully designed scheme of expressions based upon node numbers that allows every diagram,
every diagram feature, and every diagram page to be unambiguously identified in an IDEFO model.

The first part of a node number is normally a diagram number and the last part/efva node number is
always a box number. A typical node number is A435; this node number ‘identifies the function
represented by box 5 in diagram A43. In turn, a diagram number is generally-the node number of the
function that is detailed by a diagram. The diagram number A43 indicates.that this diagram presents the
decomposition of function A43. The node number A43 indicates the fupetion represented by box 3 in
diagram A4, and in turn diagram A4 presents the decomposition of function A4.

a) Predefined diagram numbers. However, there are certaincontext diagramsin an IDEFO model that
do not have a parent function. Due to the recursive way"in which node numbers are defined in
terms of diagram numbers and diagram numbers are'defined in terms of node numbers, the IDEFO
language provides predefined diagram numbers for these cases. These predefined diagram numbers
allow node numbers to be defined for functions represented by boxes in diagrams that have no
parent function. These predefined diagram:aumbers, as well as predefined node numbers and box
numbers, are specified in Table 1.

1) The predefined diagram numberA-0. The most important predefined diagram number is the
A-0 diagram number that identifies the required A-O context diagram. The IDEFO language
defines the AQ functionto_be the single function represented in this diagram. However, no
function in an IDEFO model may be identified by the node number A-0.

2) Other predefined context diagram numbers. Other optional context diagrams may aso be
provided for amodel. A model may contain from one to nine such context diagrams, providing
the environmental context for the A0 function and similar contexts for as many as eight lineal
ancestors of'the A0 function. Because these context diagrams are optional, any of the nine
possible diagrams may be the highest diagram in a model. Just as the A-O diagram has no
parent-function, the highest optional context diagram will have no parent function. Because
any-of these nine possible context diagrams may be the highest context diagram in a model
and thus any of these nine possible context diagrams may have no parent function that can be
used as a diagram number, the IDEFO language provides predefined diagram numbers for all
nine cases. Thus, in addition to the predefined diagram number A-0, the other predefined
diagram numbers provided by the IDEFO language are: A-1, A-2, A-3, A-4, A-5, A-6, A-7, A-

“This use of straight lines contrasts to reader notes, which are written with parentheses. The roundness of the parentheses visually aludes
tothe circle that designates areader note number on amodel page. Similarly, the straightness of the model note's bracketing vertical bars
visually aludes to the square that designates a model note number in a diagram. For example, a model reviewer might write, “On this
diagram, reader note (2) questions the sufficiency of the claim made by model note |5| for the error management provided by the transform
A3543 asmodeled by box 3.
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b)

0)

d)

8, and A-9. These predefined diagram numbers may be referred to as “negative diagram
numbers.”

Predefined node numbers. Due the recursive definition of diagram numbers and node numbers, the
predefined diagram numbers for optional context diagrams are coupled with similarly predefined
node numbers. These predefined node numbers allow the diagram numbers for context diagrams
lower than the highest context diagram to follow the rule that a diagram number is the same as the
node number of the function that is parent to the diagram. The IDEFO language provides these

~ predefined node numbers for functions in context diagrams: A-8, A-7, A-6, A-5, A-4, A-3, A-2, A-

1, and AO. These predefined node numbers, including node number AO, may be referred to as
“negative node numbers.”

Predefined box numbers. Because a node number is defined to include a box numben, ‘the
predefined node numbers for functions in optional context diagrams are coupled with similarly
predefined box numbers. These predefined box numbers allow the predefined node pumbers to
follow the rule that the last part of a node number is always a box number. The IDEEO language
provides these predefined box numbers for boxes in context diagrams: 0, -1, -2,-3,-/4, -5, -6, -7,
and -8. These predefined box numbers, including box number 0, may be referred’to as “negative
box numbers.”

Negative references. The hyphen character in negative box numbers, negative node numbers, and
negative diagram numbers shall be read as the word “minus.” For example, the box number “-8” is
pronounced “minus eight,” the node number “A-13" is pronouhcéd “A minus one three,” the
diagram number “A-0" is pronounced “A minus zero,” and.the diagram number “A-924" is
pronounced “A minus nine two four.”

Parenting the AO diagram. The box number 0 appears imboth the A-0 context diagram and the A-1
context diagram to identify the box that represents thie’AO function of a model. Box 0 is defined by
the IDEFO language to represent the function identified by the node number A0 and to be the
parent box of the AO diagram.

32
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Table 1—Predefined diagram numbers, node numbers, and box humbers

Node numbers of possible Example box
Predefined | Predefined | Predefined . L e, f number
: functions in diagram = and .
diagram node box sequence in
a d example node number sequence g Comment
number number ' number in diagram diagram
A-9h A-8 -8 A-8, A-91, A-92, A-93, ..., A-99 Highest possible context diagram.
A-91, A-92, A-8, A-94, A-95 1,2,-8,4,5 Optional context diagram. Defined
T parent of A-gdragran.
A-8 A-7 -7 A-7,A-81, A-82, A-83, ..., A-89 Optional context diagram. Defined
A-81, A-7, A-83, A-84, A-85 1,-7,3,4,5 | a@paentof A-7diagram.
A-7 A-6 -6 A-6,A-71, A-72, A-73, ..., A-79 Optional context diagram. Defined
A-71, A-72, A-73, A-74, A6 1,2,3,4,-6 | a@paentof A-6diagram.
A-6 A-5 -5 A-5, A-61, A-62, A-63, ..., A-69 Optional context diagram. Defined
A-61, A-62, A-5, A-64, A-65 1,2,-5,4,5 | @paentobA-5diagram.
A-5 A-4 -4 A-4, A-51, A-52, A-53, ..., A-59 Optienal context diagram. Defined
A-4, A-52, A-53, A-54, A-55 4,2,3,45 | @paentof A-4diagram.
A-4 A-3 -3 A-3, A-41, A-42, A-43, ..., A-49 Optional context diagram. Defined
A-41, A-42, A-3, A-44, A-45 1,2,-3, 4,5 | aspaentof A-3 diagram.
A-3 A-2 -2 A-2,A-31, A-32, A-33, ..., A-39 Optional context diagram. Defined
A-31, A-32, A-33, A-2, A-35 1,2%8)2,5 | aspaentof A-2diagram.
A-2 A-1 -1 A-1,A-21, A-22, A-23, ..., A-29 Optional context diagram. Defined
A-21, A-22, A-23, A-24, A-1 1,2,34,-1 | aspaentof A-1diagram.
A-1 A0 0 A0, A-11, A-12, A-13, ..., A-19 Optional context diagram. Defined
A-11, AO, A-13, A-14, A'15 1,0,3,4,5 as parent of AQ diagram.
A-0 A0 0 A0 Required context diagram.
A0 0 Defined as primary parent of AO
diagram.
A0 Al A2, 1,2,3 Al, A2, A3:.., A9 Required decomposition diagram.
A3 A4,
A5, A6 4,5,6 Al, A2)\A3, A4, A5 1,2,3,4,5
A7, A8, 7,89
i
A9

A-7.

first column.
f

a
A diagram identified by a predefined diagram number shall contain a box to model the function whose node number is given in the second
column. This box shall have the box,number given in the third column. For example, diagram A-2 will contain a box with the box number
-1 to represent function A-1.

Each predefined node number‘is-associated with the specific diagram whose diagram number is given in the first column. For example,
function A-4 may only be represented by abox in diagram A-5.

CEach predefined node number identifies a function that is defined as the parent of the diagram with the predefined diagram number in the
first column of the hext’row. The only exception to this pattern is function A0 for the A-1 diagram, which is defined as a parent of the AO
diagram. The A:1 diagram is not a parent of the A-O diagram, and the AO function is not a parent of the A-O diagram. For example,
function A-ZIs defined as the parent of diagram A-7, and conversely, the context diagram A-7 is defined as the decomposition of function

d
Thedox for a function with predefined node number shall be found in the specific diagram whose diagram number is given in the first
coelumn’ For example, the box number -2 will be used only in diagram A-3.

eA node numbers in bold type indicates a function that must be modeled by a box in the diagram identified by the diagram number in the

substitutions.

gFor the purposes of these examples, atypical diagram is assumed to contain 5 boxes. The box to represent the required function in these
examples has been chosen randomly.

h
_The A-9 function implied by diagram number A-9 is never actually modeled by abox in an IDEFO model.

i
By strict construction, these node numbers should be: A01, A02, A03, A04, A05, A06, A07, A08, A09. However, the zero is omitted by
IDEFO conventions.
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10.1 Box numbers

A box number (see 5.1) is an expression that uniquely identifies a box within a given diagram. Every box
in a diagram is assigned a box number that is unique within that diagram. The IDEFO box numbering
scheme is designed to alow recursive construction of node numbers by concatenating a box number to a
diagram number. These box numbers are also used to cross-reference information in accompanying model
pages to boxes in a diagram.

a
7

b)

a)

b)

A-0 context dingrnm The box number 0 is gccignnrl h\j/ the |DEEQ I:angl lage to any. box _that

represents the AO function of a model. Thus, the box number 0 shall be assigned to the single box
representing the function A0 in the A-O context diagram.

Decomposition diagrams. Boxes in a decomposition diagram shall be sequentialy assigned.box
numbers from the series of integer numbers 1 through 9. Since boxes are normally _arranged
diagonally from the top left corner to the bottom right corner of a diagram, box numbers.shall be
assigned in sequence, starting with box number 1 for the box at the top left of a diagram. If off-
diagonal boxes are also used, the numbering sequence shall start with the on-diagonal boxes and
then continue, from the lower right, in counter-clockwise order. For example, Should there be four
boxes in a decomposition diagram, counting from the diagram’s upper left corher, the box numbers
of these boxes would form the following sequence: 1, 2, 3, 4.

Optional context diagrams. A box that represents the AO function or 'ene of its lineal ancestors in
an optional context diagram may be any box in that diagram. As with decomposition diagrams,
box numbers in an optional context diagram shall be assigned”in sequence, starting with box
number 1 for the box at the top left of the diagram. However, as specified in Table 1, the
appropriate predefined negative box number shall replace the box number of the box that
represents the AO function or its ancestor. The other-boxes in an optional context diagram retain
their expected box numbers. For example, should.an ancestor to the A0 function be represented by
the third box of four in an A-6 context diagram,<couinting from the diagram’s upper left corner, the
box numbers assigned to these boxes would form the following sequence: 1, 2, -5, 4.

10.2 Node numbers

A node number is an expression that uniquely identifies a function and its position in a model hierarchy.
A node number is normally formed by concatenating a diagram number and a box number. The diagram
number identifies the diagram in.which the function is represented as a box. The box number identifies
that box in the diagram. See Table 1 for the definition of exceptional cases.

Node letter. The first character of a node number is a node letter. (This node letter distinguishes
node numbers from ‘box numbers in the A-0 and AO diagrams.) Conventionally, the node letter
used in IDEFG_models is an uppercase “A”. However, a node letter may be any uppercase
alphabetic. character. Within a single model, the selected node letter shall be used for al node
numbers. In a set of related models, different node letters may be used to construct the node
numbers’of different models. Alternative decompositions invoked by a call arrow are considered
different submodels and, as such, the node numbers of each submodel may begin with a different
node letter. (Because a diagram number is defined in terms of node numbers, a diagram number
begins with the same node letter that is used to construct node numbers for amodel.)

A-0 context diagram. The node number AQ is assigned by the IDEFO language to the function
represented by box 0 in the A-O context diagram.

0)

Decomposition diagrams. The node number for a function in a decomposition diagram shall be
constructed by appending a box number to a diagram number. The box number shall identify the
box that represents the function. This diagram number shall identify the decomposition diagram
that contains this box. For example, should a function be detailed by five boxes in diagram A19,
the node number of the function represented by box 2 in this decomposition diagram will be A192.
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Strictly following this construction of node numbers, the functions represented by the boxes in the
AO diagram would be given the node numbers A01, A02, AO3, ..., A09. However, by IDEFO
convention, the leading numeral zero is always omitted from the node numbers of these functions.
Thus, the node numbers of functions in the A0 diagram shall be A1, A2, A3, ..., A9.

d) Optional context diagrams. For a function other than the AO function or one of its lineal ancestors,
the node number for a function in an optional context diagram shall be constructed by appending a
box number to a diagram number, just as a node number is determined for a function in a
decomposition diagram. The box number shall identify the box that represents the function. The

diagram number shall identify the context diagram that contains this box. However, as specified in
Table 1, the appropriate negative node numbers shall be assigned to the A0 function and its lineal
ancestors, i.e., to those functions represented by boxes with negative box numbers in optional
context diagrams. For example, the grandfather of the A0 function will be assigned the node
number A-2. Should this grandfather function be represented by the second box in diagram A-3,
the node number of the function represented by the first box in this diagram will be A-31:

10.3 Diagram numbers

A diagram number is an expression that uniquely identifies a diagram and its hierarchic position within
an IDEFO model. If a diagram has a parent function, the node number of the diagram’s parent function
shall be assigned as the diagram number of the diagram.

Certain context diagrams in an IDEFO model that do not have a‘parent function and thus have no
corresponding parent node number. The IDEFO language provides-diagram numbers for these diagrams.
These predefined diagram numbers are specified in Table 1.

a) A-0 context diagram. The diagram number A-0O is assigned by the IDEFO language to the required
context diagram that contains only one box, box.0, to represent a model’s A0 function. This
number is the only diagram number in an IDEFRO model that may not be used to construct node
numbers.

b) Decomposition diagrams. The node numiber of a decomposition diagram’s parent function shall be
assigned as the diagram number for“the diagram. For example, the diagram number of the
decomposition diagram that details function A47 issimply A47.

c) Optional context diagrams. For-an optional context diagram that has a parent function in a parent
context diagram, the node number of this parent function shall be assigned as the diagram number
for the diagram, just as a-diagram number is determined for a decomposition diagram. However,
an optional context.diagram that does not have a parent function shall be assigned the appropriate
predefined negative ‘diagram number as specified in Table 1. For example, an optional context
diagram that details some function A-15, represented by box 5 on diagram A-1, would be assigned
the diagram number A-15. However, the diagram number A-1 is assigned to the optional context
diagramthat contains box 0 as specified in Table 1.

d) Diagram numbers vs. node numbers. A function is identified by its node number while a diagram
is\identified by its diagram number. While diagram numbers and node numbers are designed to
ook alike and while the set of node numbers and the set of diagram numbers in a model largely
overlap, diagram numbers and node numbers differ in critical ways. First, diagram numbers
include the predefined diagram numbers for context diagrams that do not have parent functions.
Second, node numbers include node numbers constructed for leaf nodes, which do not have

decompostion diagrams. AS aresult, the Set of node Numbers witt e fTom two 10 nine Umes farger
than the set of diagram numbers for a given IDEFO model.

Table 2 illustrates the diagram numbers, node numbers, and box numbers that may be found in a
typical IDEFO model.
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Table 2—Diagram, function, and box reference examples

A9999999

Diagram numbers: Box numbers: Node numbers: functions Comments
diagrams boxes
Optional high-level context diagrams
A-93 1,2..,9 A-931, A-932, ..., A-939 Optional context diagram
A-4134 1,2..,9 A-41341, A-41342, ..., A-41349 Optional context diagram
A-2 1,-1,3,...,9 A-21, A-1,A-23, ..., A-29 Optional context diagram
A-26 1,2..,9 A-261, A-262, ..., A-269 Optional context diagram
A-1 1,204, ...,9 A-11, A-12, A0, A-14, ..., A-19 Optional context diagram (contains box Q
representing the AO function)
A-14 1,2..,9 A-141, A-142, ..., A-149 Optional environmental context diagram
A-0 A0 Required context diagram (contains box 0
representing the AO function)
A0 1,2..,9 Al A2, ..., A9 Required decomposition.diagram
Al A2 ...,A9 1,2..,9 All, A12, ... A9, ..., Possible decomposition diagrams
A91, A92, ..., A99
Al 1,2..,9 All,A12, ..., A19 Decomposition‘diagram
A5 1,2..,9 A51, AB2, ..., A59 Decomposition diagram
All, A12, Y, A9, Ya, 1,2 ..9 Al111, A112, ¥a, A199, Y4, Possible decomposition diagrams
LGN 0 R A911, A912, ¥i, A999
A32 1,2..,9 A321, A322, ..., A329 Decomposition diagram
A49 1,2..,9 A491, A492, ..., A499 Decomposition diagram
A61 1,2..,9 A611, A612, ..., A619 Decomposition diagram
AB3 1,2..,9 A631, AB32, ..., AB39 Decomposition diagram
A87 1,2..,9 A871, A872, ..., A8T9 Decomposition diagram
Al111, A112, ¥a, A199, 1,2 ..9 A1111, A1112, %4, A1999, ..., Possible decomposition diagrams
Yy, A911, A912, ¥4, A999 A9111, A9112; ..., A9999
A125 1,2..,9 A1251;A1252, ..., A1259 Decomposition diagram
A153 1,2..,9 A1531, A1532, ..., A1539 Decomposition diagram
A211 1,2..,9 A2111, A2112, ..., A2119 Decomposition diagram
AB39 1,2..,9 AB391, A6392, ..., A6399 Decomposition diagram
A762 1,2..,9 A7621, AT7622, ..., AT629 Decomposition diagram
Possible further decomposition diagrams
Al1111 12,..,9 A11111, A11112, ..., A11119 Decomposition diagram
A2451 12..9 A24511, A24512, ..., A24519 Decomposition diagram
A46223 1,2..,9 A462231, A462232, ..., A462239 Decomposition diagram
A999999 1,2..,9 A9999991, A9999992, ..., Decomposition diagram

104 Node tree

The developed IDEFO model with its structured decomposition provides the basis to describe the full

decomposition as a node tree on a single FEO page. A node tree is not required for a valid IDEFO model.
The content of a node tree shall be identical to that of a node index prepared for the same model (see

10.5).

There is no standard format for the display of node information in a node tree, except that the model
hierarchy shall be shown graphically as a tree rooted at a chosen node (e.g., the AQ function for a whole

model). Figure 42 illustrates such atree.
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10.5 Node index

The node index presents a node tree in the format of a document outline. Each node number, with either
its corresponding diagram title or function name, shall be presented in an indented form that exhibits the
nested hierarchic structure of the model. This places related diagrams together in an order often used to
create an ordinary Table of Contents, asisillustrated in Figure 43.

10.6 Diagram references

A diagram reference is an expression that uniquely identifies a diagram and its position in the model
hierarchy of a specific model. A diagram reference shall be constructed by putting a model name
abbreviation and aslash (*/”) character in front of a diagram number. For example, the diagram reference
for the A312 diagram in a model known by the model name abbreviation QA would be QA/A312.
References to a diagram in the same model may omit the model name abbreviation, using, enly the
diagram number.

10.7 Page references

A page reference is an expression that uniquely identifies each model page in anJDEFO model and links
each model page to a specific IDEFO diagram. A page reference shall be constructed by appending page
type letters and, as required, sequence numbers to a diagram reference. A( page type letter is an uppercase
letter that denotes a specific type of model page. The page type letters<{D” for diagram, “F” for FEO, “T”
for text, “G” for glossary, and “K” for kit shall be used to denote-these defined types of model pages.
Other page type letters may be defined with meanings and usage specific to given models and modeling
projects.

If there is more than one model page of a specific type ‘associated with a given diagram or other model
page, the model pages within that type shall be distinguished by a sequence number following the page
type letter. For example, the page reference for a.single text page associated with the diagram MDL/A33
might be MDL/A33T. The page reference for_this same text page after additional text pages have been
added to discuss diagram A33 would becom&MDL/A33T1. The page reference for the third FEO page
associated with diagram A321 in model QA would be QA/A321F3, where QA/A321 is the diagram
reference, F is the page type letter, and'3.is the sequence number.

If a page reference does not show an explicit sequence number, the sequence number is assumed to be 1. If
a page reference does not show an explicit page type letter, the page type letter is assumed to be D and the
model page is assumed tosbe a diagram page. Thus, a diagram reference and the page reference for that
diagram are consistent;. MJN/A473D1 and MJN/A473 are equivalent page references.

Except for a diagram page, in general, any type of model page may supplement any other type of model
page. For exanmple, given diagram A42 in model QRK, there may be a glossary page that defines terms
used in the'second text page that explains the third FEO page that supplements this diagram. The fully
expanded/page reference for this glossary page would be QRK/A42D1F3T2G1. The dightly shorter
QRK/A42F3T2G is an equivalent page reference.

11. IDEFO diagram feature references

A standard notation shall be used in writing to refer to specific parts of diagrams. These diagram feature
references are based on box numbers, ICOM codes, and note numbers. Diagram feature references may be
combined with diagram references using “dot notation,” that is, by concatenating a diagram-based
reference, a period (the “dot”), and a diagram feature reference. Such diagram.feature (read “diagram-
see-feature”) references are illustrated in Tables 3 through 6.
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a) Box references. An activity box is referenced by its box number. Dot notation may join a box
number to a diagram reference to make a diagram.box reference (see Table 3).

Table 3—Reference notation for box references

Reference

Example

Interpretation

box number

Specifies abox in the current diagram of the current model. The
example 3 refers to the box with box number 3. This example may be

read as “box 3" or “the activity modeled by box 3.”

Often italicized in text; for example, “The name in 3 should not diffef
in font size from other box namesin the diagram,” which refersto.a
box, or “The name of 3 should reflect the activity’s purpose rather
than the inputs it consumes,” which refers to a function.

diagram.box

A42.3

Specifies abox in a specific diagram of the current model.-The
example A42.3 refers to the box with box number 3 in‘diagram A42
of the current model. This example may be read as#in diagram A42,
see box number 3" or as “see activity A423.”

diagram.box

MFG/A42.3

Specifies a box in a specific diagram of a:specific model. The
example MFG/A42.3 refers to the boxavith“box number 3 in diagram
A42 of the model MFG. This example'niay be read as “see box 3in
diagram A42 of the model abbreviated MFG” or as“in the
Manufacturing model, see function A423.”

Table 4).

b) 1COM codes (box/arrow references). A box/arrow referefice is either a boundary ICOM code or a
box ICOM code. Dot notation may join either form of \COM code to a diagram reference to form a
diagram.icom reference. A diagram.icom referencelis also known as a complete ICOM code (see

Table 4—Reference notation for ICOM codes

Reference

Example

Interpretation

boundary ICOM code

12

Strictly, specifies the ordinal attachment of some arrow to a specific
side of the parent box that is detailed by the current diagram of the
current model. Interpreted strictly, the example 12 refers to the
second arrow attached to the input side of the box that is detailed by
the current diagram of the current model. This example may be read
as “the second input of the current function.”

Loosely, identifies the boundary arrow that maps to an arrow
attached, at the specified ordina position, to a specific side of the box
that is detailed by the current diagram of the current model.
Interpreted loosely, the example 12 refers to the boundary arrow that
maps to the second input arrow attached to the box that is parent to
the current diagram of the current model. This example may be read
as “the boundary arrow 12.”

A boundary ICOM code is acomplete ICOM code that assumes that
the unspecified box is the parent box detailed by the current diagram,
that the unspecified diagram is the current diagram’s parent diagram,

and that the unspecified model is the current model.
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Table 4—Reference notation for ICOM codes (Continued)

Reference

Example

Interpretation

diagram.icom reference
or

complete ICOM code

A42.12

Specifies the ordinal attachment of some arrow to a specific side of
the parent box that is detailed by a specific diagram of the current
model. The example A42.12 refers to the second arrow attached to the
input side of diagram A42's parent box. This example may be read as
“the second input of the function detailed in diagram A42,” or smply
as“in diagram A42, see the boundary arrow 12.”

diagram.icom reference
or

complete ICOM code

MFG/A42.12

Specifies the ordinal attachment of some arrow to a specific side of
the parent box that is detailed by a specific diagram of a specific
model. The example A42.12 refers to the second arrow attached to the
input side of diagram A42’s parent box in the model with the
abbreviated name MFG. This example may be read as “the/second
input of the function detailed in diagram A42 of model MF&;” or
simply as “in diagram A42 of MFG, see the boundary-arrow 12.”

box ICOM code

312

Strictly, specifies the ordinal attachment of some arfow to a specific
side of a specific box in the current diagram of the‘current model.
Interpreted strictly, the example 312 refers tothé attachment of the
second arrow, counting from the top, tothe Jeft or input side of box 3
in the current diagram of the current model. This example may be
read as “box 3, input 2.”

Loosely, identifies the arrow that-is attached, at the specified ordinal
position, to a specific side of-a specific box in the current diagram of
the current model. Interpreted loosely, the example 312 refers to the
second input arrow atfached to box 3 in the current diagram of the
current model. Thisexample may be read as “the arrow attached at
312"

A box ICOM code is acomplete ICOM code that assumes that the
unspecified diagram is the current diagram and that the unspecified
model\is the current model.

diagram.icom reference
or

complete ICOM code

A42.312

Speeifies the ordinal attachment of an arrow to a specific side of a
specific box in a specific diagram of the current model. The example
A42.312 refers to the second arrow attached to the left or input side of
box 3 in diagram A42 of the current model. This example may be
read as “in diagram A42, see the second input to box number 3.”

diagram.icom reference
or

complete ICOM code

MEG/A42.312

Specifies the ordinal attachment of an arrow to a specific side of a
specific box in a specific diagram of a specific model. The example
MFG/A42.312 refers to the second arrow attached to the left or input
side of the box with box number 3 in diagram A42 of the model
abbreviated MFG. This example may be read as “see box 3, input 2,
in diagram A42 in model MFG.”

c) Arcow references. An arrow reference consists of one or more ICOM codes that together
Unambiguously identify an arrow, an arrow segment, or an arrow path. Dot notation may join an
arrow reference to a diagram reference to form a diagram.arrow reference (see Table 5).
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Table 5—Reference notation for arrow references

Reference

Example

Interpretation

arrow reference

312

See Table 4.

Asan arrow reference, the example 312 refers to the arrow segment
attached as specified by the box ICOM code |12 in the current diagram
of the current model. This example may be read as “the arrow
attached at 312" or “the second input to box 3.”

arrow reference

203 to 312
or
203:312

Specifies the internal source and the internal use of an arrow in the
current diagram of the current model. The example 203 to 312 refers
to the arrow that connects the third output of box 2 to the second
input of box 3. This example may be read as “the branch of the third
output arrow of box number 2 that provides the second input for’box
3"

diagram.arrow reference

A42.203to0 312
or
A42.203:312

Specifies the source and the use of an arrow in a specific diagram of
the current model. The example A42.203 to 312 refersto the arrow
that connects the third output of box 2 to the second’input of box 3in
diagram A42 of the current model. This example may beread as“in
diagram A42, see the arrow that starts asthe\third output of box 2
and ends as the second input of box 3.

arrow reference

See Table 4.

Asan arrow reference, the example 12 refers to the boundary arrow
attached to boundary ICOMcedde 12 and all its branches in the
current diagram of the eurrent model. This example may be read as
“the boundary arrow12.7

arrow reference

12t0 312
or
12:312

Specifies the externa source and the internal use of an arrow in the
current diagram.of the current model. The example 12:312 refers to
the arrow that connects the second input of this diagram’s parent box
to the seCond input of box 3 in the current diagram of the current
model\This example may be read as “the branch of 12 that is the
second input of box 3.”

arrow reference

301to O3
or
301:03

Specifies the internal source and the external use of an arrow in the
current diagram of the current model. The example 301 to O3 refers
to the arrow in the current diagram of the current model that connects
the first output of box 3 to the third output of this diagram’s parent
box. This example may be read as “the first output arrow of box 3,
which becomes the third output of this diagram’s parent box.”

INVALID REFERENCE

12to O3
nor
12:03

Each boundary input arrow shall be transformed by some function in
that diagram. Each boundary output arrow shall be the product of a
transformation by some function in that diagram. No arrow may
traverse a diagram directly from one boundary ICOM to another
boundary ICOM.

arrow path reference

12to 312to 301
to (4C1 and 5C2)

or

12:312:301
:(4C1,5C2)

Specifies a sequence of arrows from an initial source to afinal use
through intermediate uses and sources. The example refers to three
arrows (12 to 312, 301 to 4C1, and 301 to 5C2) that trace a path from
theinitial source (12) to two fina uses (4C1 and 5C2). Box 3 isthe
intermediate use (312) and source (301). This example may be read
as “from the boundary arrow with ICOM code 12 to box 3, input 2

through the activation of box 3 that yields output 1, to the availability
via branching of that output as control 1 on box 4 and control 2 on
box 5.

40
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d) Note references. A note reference is either a model note number or a reader note number. Dot
notation may join either note number to a diagram reference to form a diagram.note reference (see
Table 6aand Table 6b).

Table 6a—Reference notation for model note references (normative)

Reference Example Interpretation

maodal nata n palhay 2 Snocifioc A madal natn an tha o reant A of tha ot rront maadal
HHOGCHOtE-HoriotT ce S rhoatTote-Ortmc-Current Or—Hc-CarrErtrHoat

= e ¢ diagrarm
The example refers to the model note with the model note
number 3 in the current diagram of the current model. This example
may be read as “model note 3.”

This notation for amodel note number shall be used in a diagram to
designate a model note. This notation may also be used in.feference

expressions.
model note number 13] This alternate notation may be used only in reference expressions.
(reference-only notation) This notation shall not be used in a diagram as@model note number.

The example |3| refers to model note 3, just asthe model note
reference of the previous example.

diagram.note reference A2 Specifies amodel note in a specific diagram of the current model.

The example A42. refers tothemodel note with the model note
number 3 in diagram A42 of the ecurrent model. This example may be
read as “in diagram A42, see model note number 3.”

diagram.note reference | MFG/A42.[3] Specifies amodel note-in a specific diagram of a specific model. The
example MFG/A423|\refers to the model note with the model note
number 3 in diagram A42 of the model MFG. This example may be
read as “ see the third model note in diagram A42 of the model
MFG.”

Table 6b—Reference notation-for reader note references (informative)

Reference Example Interpretation

reader note number ® Specifies areader note on the current diagram of the current model.

The example @ refers to the reader note with the reader note
number 3 on the current diagram of the current model. This example
may be read as “reader note 3.”

This notation for a reader note number shall be used on a diagram to
designate a reader note. This notation may also be used in reference

expressions.
reader note number 3) This alternate notation may be used only in reference expressions.
(reference-only notation) This notation shall not be used on a diagram as a reader note number.
diagram.notereference | A42.(3) Specifies areader note on a specific diagram of the current model.

The example A42.(3) refers to reader note 3 on diagram A42 of the
current model. This example may be read as “ see reader note 3 on
diagram A42.”

diagram.note reference | MFG/A42.(3) Specifies a reader note on a specific diagram of a specific model. The

example MFG/A4Z.(3) refersio reader note s on diagram A4Z of the

model MFG. This example may be read as “on diagram A42 of the
model MFG, see reader note number 3.”
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Annex B
(informative)

IDEFO language: abstract formalization

B.1 IDEFO abstract syntax

This annex presents a mathematical formalization of the syntax of the IDEFO function modeling method.
A formal syntax determines exactly the class of well-formed constructs of the language and)hence
unambiguously answers the question of whether any given construction is syntactically legitimate. The
abstract formalization itself consists chiefly of a series of mathematical definitions. However, the bulk of
this annex consists of informal exposition to clarify and motivate the unadorned definitions.,

This annex presents a formal specification of the syntax of the IDEFO modeling language. The syntax is
an abstract syntax, in the sense that it is presented at a high level of abstragtion applicable to any
particular form of representation for an IDEFO model, whether the traditional graphical syntax or a
“linear” equivalent in a logical language like the knowledge interchangé format (KIF). This capacity in
turn supports enterprise model integration, not only within the IDEFZsuite of methods, but aso with
regard to other modeling methods [e.g., entity relationship (ER), NFAM] and other naming conventions,
both within and across enterprise contexts.

In general, an IDEFO diagram can be thought of as a certain kind of mathematical object known as a
graph. Intuitively, a graph is any collection of objects that-are linked or connected together in some way.
Objects so linked are said to be adjacent. It is not necessary that every object in the set be linked to some
other object; any way of linking some of the objects\in a given set to other (possibly the same) objects in
the set is an acceptable graph. Pictorially, one €an think of a (finite) graph as the result of starting with
some set of dots on a sheet of paper and draiing lines between pairs of dots (no more than one line per
pair of dots) or from adot to itself (no more‘than one per dot). Formally, graphs are represented by listing
these two aspects of a graph separately:“the set of objects—more correctly known as its vertices—and the
set of links—more correctly knownas its edges.® Because the nature of an edge in an ordinary graph is
irrelevant beyond the fact that it links the particular vertices that it does, and because there can be only
one edge from one vertex tq another in a graph, an edge between one vertex N1 and another N2 is usually
represented simply as thesunordered set {N1,N2} consisting of exactly those two vertices. (Graph-like
structures that permit /multiple edges between vertices are called multigraphs.) Two vertices N1 and N2
are thus adjacent in.a graph if and only if the set {N1,N2} is an edge in the graph.

When the edges of a graph have an associated direction, so that one can speak of an edge extending from
one vertex4oyanother (as opposed to simply linking two vertices), the graph is known as a directed graph.
(In terms.of-the pictorial analogy above, envision changing all the lines in the picture to arrows with one
arrowhead.) Because the element of directionality adds a little more richness to the notion of an edge, it is
new:possible for there to be two edges between vertices; these edges must, however, “point” in different
directions. That is, it is permissible to have an edge from N1 to N2, and from N2 back to N1. It is not,
however, permissible to have more than one edge from N1 to N2. (Structures that permit more than one

o 'l Ll ool ols +aal | laa)
SULTTCUyT AT LATTU UTTTUITUTTTaitIyrapiris. )

SVertices and edges are dso commonly known as nodes and arcs, respectively. However, the term “node” has an entrenched meaning in
IDEFO and so it will not be used it here; thus, “arc” is also avoided becauseit is usually paired with “node.”
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Formally, the directedness of an edge is captured by ordering the pair of vertices the edge connects.
Ordering is done simply by representing a directed edge from N1 to N2 as the ordered pair &N1,N2f
instead of the unordered set {N1,N2}. The direction of the edge is represented by the order of the vertices.
Given this definition (since ordered pairs are identical if and only if (iff) they have the same first and
second elements), it is clear that there can be no more than one edge from one vertex N1 to another N2.

In this formalization, an IDEFO diagram (i.e., the content of a single diagram page in an IDEFO model) is

defined to be a specia type of directed graph. A possible misconception must be avoided, however.
Because it is common to represent directed edges in a graph as arrows, it is natural—initially at any
rate—to think of an IDEFO diagram as a graph whose vertices are the boxes of the diagram and whose
edges are the arrows that connect them. For a number of good reasons—for instance, the complex ways-n
which arrows can branch and join in an IDEFO diagram, and the fact that some arrows do not conrect to
any box at one end—this is not how IDEFO diagrams are modeled in this formalization. Rather; in this
formalization, the vertices of an IDEFO diagram comprise not only boxes, but arrows—mere‘exactly, the
arrow segments that constitute them—and the junctions at which arrows branch andjoin“as well. The
edges of the diagram, rather than representing arrows, represent the points at whiCh arrows segments
connect to boxes and junctions. Because there are six types of connection (representéd in standard IDEFO
diagrams by which side of a box an arrow segment connects to, and by branching and joining), edges
come in six “flavors’—input, control, output, mechanism, junction-input, andyjunction-output.

Because IDEFO diagrams are representations that carry information,“theéy are naturally thought of as
expressions in a language. Typicaly, a language has two components: a lexicon and a grammar. The
lexicon comprises the basic building blocks of the language, andthe-grammar provides the rules by which
complex representations are constructed from those building blogks. The lexicon is defined as follows:

Definition 1. IDEFO lexicon

An IDEFO lexicon L isatriple @8,S,Jfisuch that B, S, and J are pairwise digjoint
countable infinite sets. The elements of B are called boxes, the elements of S are called
arrow segments, and the elements of Jarecalled junctions.

Intuitively, B and S will be the formal counterparts of the boxes and arrow segments of an IDEFO
diagram. Unlike boxes and arrow:segments, junctions are not specific modeling objects in a traditional
IDEFO diagram, but rather are:simply points of contact between arrow segments. However, it proves to
be very useful for the semantical purposes to represent junctions explicitly, as will be seen below, as
they function semantically.much like boxes. B, S, and J are stipulated to be pairwise disjoint® because,
of course, boxes, arrowysegments, and junctions are all different sorts of things. It is stipulated that all
three sets are infinite SO that there are enough basic elements to build arbitrarily large (but nonetheless
finite) models.

The grammar-is the more complex element of a language. The following is the key definition for the
IDEFO language:

Definition 2. IDEFO graph

Let L=8B,S,Jfibe an IDEFO lexicon. An IDEFO graph (inL) isafinite directed graph
G=&/g,Egnsuchthat Vg=U{Bg.Sg.Jg ), whereBg ! B, Sg! S, and 31 J, and
[ )

Eg= H1g.Cg,0c, Mg . Lg.Rg/, Whee I, Cg, and Mg are paTwise digoint SUbSers
of Sg" Bg, Og! Bg Sg, Lg! Sg™ g, andRg! J5” S satisfying these conditions:

6A st M of setsis pairwisedigoint if and only if any two distinct members of M are digoint, i.e., have no membersin common.
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(1) Eg isfunctional on U{lg.Cg Mg Lg}, thatis, if ,yfl Eg and &, 21 Eg, then
either y=z or both &, yA&,zfl J{Og,Rs};

(2) Egtisfunctional onU{Og, R}, thatis, if &, xfl E and &,xfl E, then either
y=z or both&/,xA U{l5,C5.Mg.Lg} and &,xi U{l5.C5.Mg,Lg); and

(3) For al jl J, therearedistinct s, s”, ™ such that either L sj, Lgs'j, and Rgjs” or

L-si R_is’ andR-is”
(Chc LA CF 3

In Condition (3), in the first case j is known as a join and in the second case as a branch.

NOTE—Henceforth, “Egxy,” “IgXy,” etc., will usualy be written instead of “&x, yil Eg” “&,yf I, etc.
Sometimes “x® y" will be used instead of “&x,yl Eg.” Where the graph G is understood, the subscript” c” on
an arrow will sometimes be omitted. It will be assumed henceforth that the lexicon L is fixed.

As noted above, in terms of standard graphical IDEFO diagrams, edges represent the.connection itself,
or “interface,” between an incoming arrow segment and a box or junction, or a pox.er junction and an
outgoing arrow segment. I, Cg, Og, and Mg represent of course the four different ways that an
arrow segment can connect to a box. L represents the relation between/an.-arrow segment s and a
junction j when s connectsto j “on theleft,” and R represents the relation.between ajunction j and an
arrow segment s when s connects to j “on the right.” The details\of the definition place certain
constraints on the structure of legitimate IDEFO graphs. There are two-sets of constraints.

The first set of constraints—the stipulation that 15, Cg, M¢ I Sg” Bg and are pairwise digjoint,
Ogl Bg Sg, Lg ! S5 Jg, and Rgl J5" Sg—constrains the pairs of vertices that can be
connected by each type of edge: input, control, and mechanism edges must join arrow segments to
boxes, output edges must join boxes to arrow segments,-and junction edges must join arrow segments to
arrow segments.

The second set of constraints—the listed Conditions (1) through (3)—are the minimal conditions on
IDEFO graphs that are imposed simply by, thé geometry of traditional IDEFO diagrams. Thus, Condition
(1) entails that an input arrow segment for a given box cannot also be an input (or control or
mechanism) arrow segment for some'ether box; nor could it be an incoming segment to some junction.
(Restricting E’s functionality.only to U{IG Ce Mg ,LG}, however, does alow boxes and junctions to
have more than one outgoing anrow.) Condition (2) is the same condition in reverse for outgoing arrow
segments, and thus entails that an output arrow segment for a given box cannot also be an output arrow
for any other box. Condition (3) ensures that, for any given junction j, there must be either multiple
arrow segments coming into j or multiple outgoing arrow segments going out of j, but not both. The
first part of this gendition ensures that junctions occur only when several arrow segmentsjoin or branch
(so, in particular;-there are no junctions involving only one segment on the left and one segment on the
right), andthé Second part ensures that no junction can be both a branch and a join.

By thedefinition of Eg, no arrow segment in an IDEFO graph G is adjacent to any other. Since there
are"no edges in Eg whose first and second elements are both from S, there are no elements of

The following figures will be used to illustrate Definition 2 and the definitions introduced below:

¥ Figure 44 is a box-and-arrow skeleton of a simple IDEFO diagram, with unique names assigned to
boxes and arrow segments.

NOTE—These names are only tags for the distinct syntactic components of the diagram to illustrate the

formal definitions being presented here; they are not to be thought of as names for concepts and activities
associated semantically with these elements as in an actual IDEFO diagram.)

Copyright © 1998 IEEE. Al rights reserved. 45


https://standardsiso.com/api/?name=cf951a4577812664386da41436d1dd6e

ISO/IEC/IEEE 31320-1:2012(E)

¥ Figure 45 is a graph theoretic representation of that diagram. In the diagram, the type of an
incoming or outgoing arrow segment is of course indicated geometrically by the point at which it
joins the corresponding box. In the graph, junctions and arrow segments, like boxes, are
represented as vertices, and the type of the arrow segment vertex with respect to an adjacent box or
junction isindicated explicitly by alabel on the edge connecting them.

Definition 3. Path

Let G=&/5,Efibe agraph. A path in G is a sequence of vertices (i.e., members of V)
&, ...y fsuch that for al i<n (i>0), y;® y, ;. The path is said to traverse each y;.
The length of apath &, ,....y,fiisn- 1.

Definition 4. Cycle
A path &, ,....y,fiin G isacycleiff n>1 and y, =y,,.

Definition 5. Successor

X isasuccessor (predecessor) of y in G iff thereisapath fromy tox (X tOy). X isan
immediate successor (predecessor) of y in G iff x® y (y® x).

Definition 6. Complete path

A path p=&y,,....y,filiscomplete in G iff y,; has no immediate predecessor in G and y,,
has no immediate successor in G.

A path between two vertices N1 and N2 isjust that: away of getting from N1 to N2 by following edges,
heeding their direction. Thus, in the graph in Figuré45, there is a path from sl to s4 that, in addition
to those two vertices, traverses b1, s2, b2, s3, and b3. Formally, paths are represented simply by listing
the sequence of vertices one must traverse alongthe path, beginning with N1 and ending with N2. A
sequence & fi containing only a single vertex'N is a perfectly good (if somewhat uninteresting) path of
length O; it will be important to bear thisinmind for the definitions below. There can be more than one
path from one vertex to another. In particular, if there is a cycle in path from N1 to N2, then there are
infinitely many distinct paths fram_N1 to N2, because one can always cycle as many times as one
pleases before finishing the path!\The directed set &2,s3,b3,s5,j1,57,j2,59,b2fis a cycle in the graph
in Figure 45. By definition,\if)x is any element in a cyclic path, then x is both a successor and a
predecessor of itself.

Definition 7. Conngected graph

Let G=a/,.E;fibeagraph. Let E*=E E Eg! (the set of arcsthat connect the nodesin
agraph),and let G*=a&/5,E*Al G is connected iff, for al x,yl Vg (the nodesin the
graph), thereisapath in G* fromx toy.

Ferexample, there is no path from s1 to s10 in Figure 45. One can get from the former node sl to the
latter node s10 only by traveling “backwards’ down one or more edges. Such a journey from one vertex
to another—one that might involve traveling backwards down an edge—is called a walk. A walk is
captured in the definition above essentially by adding, for each edge in the graph from N1 to N2, a
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correspordimgedge fromm N2 to N Thisadditrom s achreved formatty by mvertmg—aHtheedgesm
Eg and results in the set EG'l and constructing a new graph G* with the same vertices. The edges of
G* consist of the original edges E together with all the inverted edges EG'l. (The inverse of &,yi of
course, is & ,xf) Intuitively, then, a graph G is connected if and only if there is away to get from any
vertex in G to any other by traveling either forward or backward along the edgesin G.
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Definition 8. Arrow path

An arrow path in G isapath & ,....y, fisuch that y;1 SgE Jg (1<i<n) and such that
y1.¥n! Sg. Anarrow isan arrow path that it is not a subsequence of alarger arrow
path.”

An arrow path in a graph is a path that traverses only arrow segments and junctions. Thus, &4 &6

&5, sHiand—3s5, 755729 frareatt—arrowpaths—Onty—the—first—and—tast-however,—are—arrows,
because, unlike the second and third arrow paths, neither is contained in alarger arrow path.

Definition 9. Boundary arrows and arrow segments

An outgoing (incoming) boundary arrow is an arrow whose last (first) arrow segment has
no successor (predecessor) in G. A boundary arrow is either an outgoing or incoming
boundary arrow. An outgoing (incoming) boundary arrow segment is an arrow segment
that has no successor (predecessor) in G. A boundary arrow segment is an outgoing.or
incoming boundary arrow segment.

Thus, s4 and s6 are outgoing boundary arrow segments; s1, s8, and s10 aréincoming boundary arrow
segments. &s4fiand &s5,j1,s6 i are outgoing boundary arrows, and asliiand &s8,j2,s9f are incoming
boundary arrows.

Definition 10. Incoming or outgoing

An arrow segment s in G isincoming (outgoing) with.fespect to abox or junction e in G
iff s isanimmediate predecessor (s is an immediate Successor) of e. The arrow segment s
is said to be connected to junction e iff it is either.ifncoming or outgoing with respect to e.
Anarrow asl,...,s,fiin G isincoming (outgoing) with respect to abox b in G iff s, is
incoming (s is outgoing) with respect to b

Thus, the boundary arrow &s8,j2,s9fiis incdming with respect to b2, and the arrow as3fi(hence also the
arrow segment s3) is outgoing with respect to b2 and incoming with respect to b3.

Definition 11. Node number

The numbers 0 to 9 and the infinite ordina number w are node numbers; and if nisa
node number >0 but< w, then m (10%)+n is anode number, where 1< m<9 and i isthe
least number stich that 10i<n.

This definitien-of the notion of a node number is recursive; that is, ignoring w for the moment, an
initial baseof instances of the notion is provided (the numbers 0 through 9) and then a recursive clause
defines)new instances of the notion in terms of instances already given. By iterating the recursive
clause-then, one generates an infinite class of node numbers from the initial base class by, first, picking
a.nade number n>0 aready in one's possession, finding the first power of ten greater than n,
multiplying that number by one of the initial hode numbers (other than 0), and adding that product to
n. This yields the following sequence of numbers: 0, 1, 2, ..., 9, 11, 12, ..., 19, 21, 22, ..., 29, ..., 91,
Q2 99 _111_112 119 121 122 129 191 _192 199_211 299 911

999, 1111, 1112, ... 1119, ... .

7éyl ..... Ynflisasubsequence of &q,... xpfiif and only if for somei, j, 1<i, j<m, &yq,....yafi= &y,... Xj.1&,... Xj&;11,... Xmii (Where
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The convention in traditional IDEFO diagrams is that a node number that uniquely designates a
function within a given model is the result of affixing the letter “A” to the numerals corresponding to
the above numbers. For purposes of abstract syntax it is cleaner just to use the numbers themselves and
simply preserve the traditional practice as a usage convention. The standard IDEFO node numbering
scheme requires that the top level context diagram receive the special diagram number A-0; but the
success of this scheme relies on taking node numbers to be strings rather than genuine numbers (since -
0=0, and hence there is no distinction between A-0 and A0 unless one is talking about the strings “A-

0" and "AQ"). The point to note (for those tfamiliar with IDEFO) Is that, Tor the standard node
numbering scheme to work—i.e., where the top level box is assigned box number 0, representing the
function with the node number A0, and its detail diagram has the diagram number AO—the diagram
number of the top level context diagram must be something other than 0 (and, of course, any othermode
number). Hence, it is convenient for purposes here simply to assign it the infinite number(w. The
number —1 would, in fact, have been the most natural choice, but the existing IDEFO node-numbering
scheme permits the use of optional context diagrams, which are numbered with negative numbers. Such
diagrams, and the requisite node numbering scheme, will be introduced in the next-draft of this
document.

B.2 IDEFO diagram structure

In this clause the notion of a diagram structure is defined. It is important\te note that it is the notion of a
diagram structure that is defined, rather than the notion of a diagram.per se. Diagrams, as the term is
generally used, are components of actual IDEFO models. They may contain names, notes, and other
material that have no formal counterpart. A diagram structure, by contrast, captures only the form of the
boxes and arrows in a diagram, a form that might be exhibited\by many different actual IDEFO diagrams.
That pointed out, however, in the interest of brevity, the.term diagram will be used to mean diagram
structure hereafter.

B.2.1 Diagram prestructures

Definition 12. IDEFO diagram prestructure

An IDEFO prestructure D is atriple &, #,,,# where G=&/,Egfiis an IDEFO graph,
and # isafunction on Bg-and'#,, isafunction on B;E {G}, such that

(1) For every bl Bg, thereisansl Sg such that Csb.
This requirement states that every box have at least one control arrow.
(2) For every bl B, thereisan sl Sg such that Og bs.
Thisrequirement states that every box have at least one output arrow.

(3yEvery box b in B isassigned a unique box number #(b) between 0 and 9 distinct
from the box numbers of the other boxesin B;.

(4) Each box is assigned a node number #,(b).

(5) G isassigned a node number #,(G).

NOTE—Rules about labeling conventions for boxes and arrows have been omitted. Such conventions are
important, but they are not appropriately treated as elements of an abstract syntax.
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B.2.2 Diagram structures

Definition 13. Context diagram structure

If D=&G, #,,,#fiis aprestructure and in addition the following conditions hold, then D is
a context diagram structure (or simply, context diagram):

(1) #.,(G)=w:

(2) G contains exactly one box b; and

(3) #,(b)=#(b)=0.

(4) Every arrow segment in G is an arrow.
Traditional IDEFO practice assigns the string “A-0" to the top-level context diagram, of an IDEFO
model. As above, however, this label is unnecessary for the abstract syntax and can be viewed as a
usage convention.
Definition 14. Noncontext diagram structure

If D=&G, #,,,#Mis a prestructure and the following conditions hold,-ther'D isa
noncontext diagram structure (noncontext diagram):

(1) 2<card(Bg)< 9.
(2) For eachbox b in By, #(b)l {1, ..., card(Bg)}.
(3) For each box b in B, #,(b)=10(#,(G)) +#(h).

Condition (1) is simply the 2-to-9 rule. Togethercwith Condition (3) in Definition 12, Condition (2)
requires that the boxes in a diagram structure D=aG, #,,, #fibe uniquely numbered from 1 to n, wheren
is card(Bg), i.e., the number of boxes in D:Condition (3) ensures that the node number of a box
satisfies the IDEFO node numbering corventions: #,(b) is the number denoted by the result of
concatenating the numeral for the node-number of G with the numeral for b’s box number. Because b’s
box number is always between 1 and'9, inclusive, by Condition (5) in Definition 12, 10(#,(G)) +#(b)
will always be a legitimate node number [as 10(#,(G)) simply “shifts’ the places in the decimal
numeral for #,(G) one place( to'the left’], and, therefore, this condition is well-founded.

Definition 15. IDEFQ-diagram structure

An IDEFO diagram structure (or smply, diagram) is either a context diagram structure or
a noncontext diagram structure.

B.3 IDEFO,model structures

In thisclause the notion of an IDEFO model structure is defined. The term “model structure” is chosen for
reasons analogous to the choice of “diagram structure” in the previous clause: a model structure
characterizes a certain form that can be shared by many actual IDEFO models.

NOTE—Henceforth, the IDEFO graph G in a diagram D will not be distinguished from the diagram itself. Thus,
for example, for adiagram D, “#(D)” will be written instead of “#(G)" to indicate the node number of D’s graph,
“Bp instead of "B to indicate the boxes in the graph, and so on.

Copyright © 1998 IEEE. Al rights reserved. 49


https://standardsiso.com/api/?name=cf951a4577812664386da41436d1dd6e

ISO/IEC/IEE

E 31320-1:2012(E)

Definition 16. Parent and child diagram relationships

For any two diagrams D and D,D |saparent diagram of (or smply parent of) D iff
therelsabox b in D such that #,(b)= #(D ). In such acase, D issaid to beachild of D,
D adetail diagram of b, and b a parent box of D.

The parent relation is thus defined simply in terms of node numbers. Specifically, a diagram D is a

ID
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Before giving the next definition, it will be convenient to extend some of the notational conventions we
have adopted for graphs to diagrams. If D=3&G,#,,#fi is a diagram, such that G=aVg ER
Bg=VsCB, Sg=VsCS, and J5=V;C J, thenlet B;=Bg, Sp=Sg, and V=V

Definition 17. Diagram unigqueness

Two diagrams D, D are disjoint iff B, G By =SpG Sy =JpG Iy = /&

DandD are disoint, that is, if and only if they have no elements of B (boxes) \0r'S (arrow segments)
or J (junctions) in common. This definition is needed because, since B and S _and J are simply sets of
primitive elements for building diagrams, there is no reason in general why‘the same syntactic element
should not be used in more than one diagram.

Definition 18. Ancestral tree

An ancestral tree is atree D=&, Pnsuch that d is a set of pairwise digoint diagrams, P is
the parent-of relation, and for all D,D'T d, #,(D) #n(D ).

A treeis adirected graph T because there is a singlevertex—the root—with no predecessors and there
is a unique path from the root to every other vertex’of T. (Therefore, all trees are acyclic, i.e., contain
no cycles.) Vertices with no successors are called‘leaves. These directed graphs are called trees because,
letting dots represent vertices and arrowsgepresent edges in the usual fashion, they typically have a
distinctively arboreal appearance, though-usually inverted, as shown in Figure 46.

D=&l,Piiis an ancestral tree, ther;'if and only if its vertices are diagrams, each vertex is a parent of its
immediate successors in D (thistélationship is guaranteed by letting the edges of the tree be the parent-
of relation), and no two diagrams share the same node number. (This last condition prevents the
possibility of more than.one detail diagram for a given box.)

EFO models will be)defined formally as ancestral trees that satisfy certain conditions. First some

auxiliary notions reed to be established.

Definition.19. Ancestral box

L&t D be an ancestral tree and let b be abox in D and D adiagram in D. Then b is said to
pe an ancestral box of D in D iff D isadetail diagram of b or b has a detail diagram that
contains an ancestral box of D in D.

That is, b is an ancestral box of D in an ancestral tree if and only if D is a detail diagram of b, or a

50

detail diagram of a box in a detail diagram of b, or a detail diagram of a box in a detail diagram of a
box in a detail diagram of b, etc.

Definition 20. ICOM coding

Let D be an ancestral tree and let D, bethe root of D. Let b be the set of boundary
arrow segmentsin D- D, (all the diagrams in amodel except the model’s A-0 context
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diagram) and let g be the set of arrow segmentsin D. An ICOM coding for D is atotal
function ¢ on b into g such that for any s in b, if s isincoming (outgoing), then c(s)
must be incoming (outgoing) with respect to some ancestral box of D in D. The pair &D,cfi
is called acoded ancestral tree.

The purpose of an ICOM coding is to relate boundary arrows on a child diagram to arrows connected to
its parent box. The traditional approach to ICOM coding in IDEFO depends on the spatial geometry of

the arrows in a parent diagram. This method, of course, depends on the particular features of the
standard graphical representation and, therefore, does not apply to the abstract syntax. To capture the
function of ICOM coding abstractly, the notion is defined simply as a function of the set of boundary
arrow segments in al the diagrams of an ancestral tree D—except for the root diagram D, ,,—subject
to three conditions. First (Condition (i)), whenever the mapping is defined on some ingeming or
outgoing boundary arrow segment s in adiagram D of D, the mapping must take s to a segment that is
incoming or outgoing, respectively, with respect to an ancestral box of D. In the typical;, nontunneled
case (see Definition 21), the ancestral box in question will be the parent box. Thisdefinition permits

shifting of input, control, and mechanism arrow roles from parent diagram to child'diagram.

The second condition is best explained after another definition. As noted, the.usual notion of an ICOM
coding only relates boundary arrows on a child diagram to arrows Cconnected to its parent box.
However, the definition departs from the traditional approach slightly by) generalizing the usual notion
in amanner that also yields a definition of tunneling.

Definition 21. Tunneling

Let D.=aD,cfibe a coded ancestral tree. Let b be abox in D, and suppose that b has a
detail diagram D in D. A boundary segment s in-Dis tunneled upward iff c(s) is not
connected to b. Conversely, an arrow segment s eonnected to b is tunneled downward iff
there is no boundary segment s in D suchfiaf ¢ (s)=s, or there |sad|agram D such
that b is not the parent of D', and for sonde arrow segment s’ in D, c(s)=s.

A boundary arrow segment s in a detail diagram D for a box b is tunneled upward (i.e., “at the
unconnected end”), if and only if thel€OM coding c for the ancestral tree D does not correlate it with
any arrow segment connected to-b; but rather to a segment connected to some other ancestral box.
(That ¢ must map s to an arrew segment connected to some other ancestral box follows from the
definition of a coded ancestral tree.) Conversely, an arrow segment s that is connected to b is tunneled
downward (i.e., “at thesconnected end”) if and only if ¢ does not correlate any boundary arrow in D
with's, but rather only (at most) correlates a boundary arrow in some lower level diagram D withs.
Again by the definition of a coded ancestral tree, b must be an ancestral box of D . Within the IDEFO
syntax proper-the'generalized definition of an ICOM fulfills the task—traditionally assigned to model
notes—of identifying the “other end” of an upwardly tunneled arrow.

The qaakification “at most” in the previous paragraph reflects the fact that an ICOM coding as defined
abeve need not be onto. That is, where b is a box with a detail diagram, not every arrow segment
adjacent to b need be correlated with a boundary arrow segment in some lower level diagram by an
FCOM coding c. More colloguialy, an arrow segment can be tunneled downward without any reference
to the “other end” of the tunnel. By contrast, al arrows that are tunneled upward are required to be

corralated with an arranas conimant that ic adiacant 0 cama anecactral haxy (Thic racniiramant 1c anfarced
COH-Erat e WA OW-SegHeRt—Hat1+SaaaceRt—t0-SBHREaREESH B0 HSHequHeret1S-entoreea

in the syntax by requiring an ICOM coding to be a total function on the class of boundary arrowsin a
model excluding those in the context diagram of the model.) For an input, control, mechanism, or
output that has been identified in some lower level activity to have no trace at a higher level would be a
modeling error.
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The definition also allows multiple references to a given arrow segment by arrow segments in lower
level diagrams because arrows may branch while tunneled. For example, input data for an activity at a
higher, coarser level of representation might on closer analysis be seen to “feed” numerous lower level
activities.

The account of ICOM coding developed here departs dightly in two ways from the traditional
approach, which defines tunneling for boundary arrows generally. First, tunneling has been defined for

B

arrow segments instead of arrows. A detall diagram for box bl in Figure 4/, for instance, can be
sensitive at most to the outputs indicated by s1 and s2; the branching of s2 into s3 and s4 indicates a
division of data/objects that occurs outside the activity indicated by the box, and hence outside the scope
of adetail diagram for the box.

An IDEFO model structure can now be defined simply to be a special sort of coded ancestral tree.

Definition 22. IDEFO0 model structure

Let D, be acoded ancestral tree. Then D is an IDEFO model structure in theléxicon L
iff

(1) D,yqt isacontext diagram,

(2) Fordl DI D- D, oot D isanoncontext diagram.

To be a full-blown IDEFO model structure, a coded ancestral ,trée’ must satisfy two simple conditions:
the root of the tree must be a context diagram, and every othex‘diagram in the tree must be a noncontext
diagram. Intuitively, every noncontext diagram representS'the decomposition of the function indicated
by some parent box. Hence, a noncontext diagram within an IDEFO model structure is usualy referred
to as a decomposition diagram.

The definition is illustrated in Figure 48, which-shows the following graphical IDEFO model structure
(albeit with only two boxes in the noncontext-diagrams for the sake of simplicity):

Obviously the pair D=ad,Pfiis a directed graph, where d is the set consisting of the IDEFO graphs { DO,
D1, D2}, and P is the set of edges {&D0,D1f @1,D2f} (indicated by the dashed lines). D is aso
clearly a tree, where DO is thexteot diagram. Given the node numbering indicated in the lower left
corners of boxes and diagrams; P satisfies the definition of the parent-of relation (Definition 16), and
hence, by Definition 18\(since in addition no two diagrams have the same node number and the
diagramsin d are pairwise disioint (Definition 17)), D is an ancestral tree. The mapping c indicated to
the right of D1 and D2 satisfies the conditions on being an ICOM coding set down in Definition 20
(e.g., the outgoingyboundary arrow s13 is mapped to an arrow segment that is outgoing with respect to
D2's parent bex; which is, therefore, an ancestral box of D28), and hence the pair &D,cii (also known as
D) is acoded ancestral tree, by Definition 21. Since the root DO of D satisfies the definition of a
contextydiagram, and since D1 and D2 do not, it follows by Definition 22 that D, is indeed an IDEFO
model-

4 Scope of this annex

been included in the formal syntax because they are theoretically dispensable. A call arrow, for instance,

8Note also that s11 is tunneled upward and, hence, that its “ other end”, s2, istunneled downward.
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could in principle be replaced by the box that it points to, together with its “descendants’ (suitably
modified, perhaps). For similar reasons, labeling conventions for arrow segments have also not been
included. Every arrow segment is simply assumed to have alabel in this annex.

The absence of higher level optional context diagrams should also be noted. It is not clear that such
diagrams should be thought of as theoretically dispensable. However, their inclusion in this standard
would add a significant degree of complexity that it was felt would best be avoided in the first version of

this standard. Future versions will be suitably modified to indicate how such diagrams can be included in
legitimate IDEFO model structures.
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Annex C
(informative)

Examples of IDEFO usage and style

This annex contains the figures cited in the body and in Annex B of this standard.

Each figure referenced in the text is presented as an FEO page in this annex. Most such FEO pages-are
accompanied by one or more text pages and some are accompanied as well by one or more glossary.pages.

C.1 Overview

These figures for the language formalization are designed to demonstrate technical/ aspects of IDEFO
models and model pages as standardized by |EEE Std 1320.1-1998 and to illustrate-Concepts devel oped by
Annex B. In addition, these figures are also designed to demonstrate preferred IDEFO style and
presentation. To support these objectives, these figures use the IDEF SDF.

Because the SDF, with identifying, message, and working informatiarn_fields, is formatted for ordinary
8%2-by-11-inch paper, the figures have been collected into their own.annex of this document. This separate
compilation avoids these problems:

a) Poor readability. The SDF claims an entire page eachMime it is used. Particularly when several
figures are referenced from locations close to onexanother in the text, the flow of reading could be
interrupred by several pages of illustrations.

b) Absence of facing text and glossary pages.“A~demonstration of good style and presentation within
a document treating IDEFO should include the use of facing text pages and glossary pages. Each
figure is designed to illustrate a specific topic addressed in the body of the standard. However,
these figures often contain features, uhrelated to that primary purpose, that should be discussed in a
nonbinding way. To include such.nonbinding commentary in the body of a binding standard would
be inappropriate. In addition,"the use of facing text and and glossary pages to accompany and
illuminate each formal figure clearly could only compound the first two problems.

c) Implication of SDF standardization. The SDF is not a subject of IEEE Std 1320.1-1998 nor has the
SDF been standardized by any other standards document. Nonetheless, competent IDEF modelers
routinely and customarily used the SDF in a standard way. Therefore, collecting the figures
separately from the body of 1EEE Std 1320.1-1998—which expresses the mandatory features and
characteristics of IDEFO models and model pages—distinguishes the nonbinding use of the SDF
for IDER modelers while alowing the presentation of conventional characteristics of IDEFO model
presentation.

C2:About the IDEF SDF

The SDF is documented in the informative annexes of FIPS PUB 183 [B2] and FIPS PUB 184 [B3],

amongother-sources—White-the-design-andtseof-the-SBFts-wet-estabttshed,netther-destgnnor-usehas
been formally standardized. It has been adapted here to the specific purpose of illustrating the language
formalization. Indeed, the IDEF community remains reluctant to standardize the SDF precisely to avoid
compromising the modeler’ s capability to adapt the SDF to special purposes such as this document.

54 Copyright © 1998 IEEE. All rights reserved.


https://standardsiso.com/api/?name=cf951a4577812664386da41436d1dd6e

ISO/IEC/IEEE 31320-1:2012(E)

C.3 How the SDF is used in this document

To adapt the SDF to this document, the conventional fields of the SDF have been treated as described in
this clause. Each field is discussed as it is found in the SDF, working from left to right and from top to
bottom, through the working information and the identification fields.

.21 11 l +
C.o.1L UoTU Al

£ o1
1"nciu

The used at field is not used.

C.3.2 Author field

The author field does not identify the individual who prepared these diagrams. Instead, the author field
identifies the “1EEE IDEFO Working Group,” which directed the creation of these figures:

C.3.3 Project field

The project field identifies “IDEFO Language Formalization” as the project-hame.

C.3.4 Model field

The language formalization introduces the requirement that @medel’ s name and model name abbreviation
be presented in the A-O context diagram of a model. Reirforcing this requirement, a field labelled Model
has been added to the working information fields to €apture the model name and its abbreviation. The
model name abbreviation is given within parentheses;following the model name. For the figures in this
annex, the model name is given as “Formalization Figures’ and “FF” is given as the model name
abbreviation.

C.3.5 Notes field

Because these figures are not presented as examples of products produced during the development or kit
cycle review of amodel, the netes field is not used.

C.3.6 Status field

The status for «€ach figure has been set to “Publication,” which is consistent with the use of the page
subfield withirrthe number field (see Number Field, below). However, in spite of this publication status,
all figures™retain their working information fields. Thus, no cutting gutter between the working
information fields and the message field is provided.

C.3.7 Reader/date field

cycle review of amodel, the reader/date field is not used.

Copyright © 1998 IEEE. Al rights reserved. 55


https://standardsiso.com/api/?name=cf951a4577812664386da41436d1dd6e

ISO/IEC/IEEE 31320-1:2012(E)

C.3.8 Context field

The language formalization does not address the notion of context represented by the context field of the
SDF. In standard practice, the context field provides some sort of thumbnail image of a diagram’s parent
diagram or contains the appropriate bounding token for a model’ s highest context diagram(s).

Within an IDEFO model, a nondiagram page has the same context as the IDEFO diagram to which it is

related. The difficulty here is that these figures are not necessarily related to specific IDEFO diagrams
because these figures do not constitute an IDEFO model. Thus, a proper source for the contents of the
context field is missing. In the absence of diagram contexts, the context fields of these figures are
generally left blank. However, when a figure does present a diagram page or a fragment of such a diagram
page, the context field will contain an appropriate context image or token.

C.3.9 Model page field

The traditional node field has been renamed. The new name, model page, deflécts the language
formalization’s refinement of the FIPS PUB 183 concept of node reference ane the introduction of new
page reference terminology (see C.4).

C.3.10 Figure field

The traditional title field has been renamed the figure field and{s used to present a figure caption rather
than a proper IDEFO diagram title. As established by the language formalization, the title of an IDEFO
diagram is (generally) the name of the box that the diagram details, and this diagram title is normally
recorded in the SDF's title field. According to the language formalization, an IDEFO diagram page is
identified by both atitle and a diagram number while-an associated nondiagram model page is separately
identified only by the page reference that links that page to its associated diagram.

The difficulty here is that these figures are\fet necessarily related to specific IDEFO diagrams because
these figures do not constitute an IDEFOQ.model. Thus, a proper source for the contents of the title field is
missing. In the absence of diagram_titles, the figure field is used to caption the contents of the SDF's
message field, using MS Word' s captioning construct.

C.3.11 Number field

The number field in these figures contains a C-number (the so-called configuration control number) and a
page subfield with the label P. This page subfield contains a document page number determined by MS
Word pagination:

C.4 Page references

White these figures illustrate features of IDEFO models and model pages, these figures are not themselves
an IDEFO model; this annex contains only FEO, text, and glossary model pages. However, the language
formalization specifies that every nondiagram page within an IDEFO model must be associated through its

page reference to one specific IDEFO diagram.

In the absence of IDEFO diagrams, semantically valid page references—in the sense of the language
formalization—cannot be constructed for these FEO, text, and glossary pages. Nonetheless, even in the
absence of a proper IDEFO model, these figures should still demonstrate proper form, i.e., a syntactically
valid page reference, in the model page field. To this end, fictitious diagram numbers have been derived
from a topical sequencing of figures used in earlier versions of this document. Should a series of FEO
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pages address a single topic, their page references will contain the same diagram numbers while their
page type sequence numbers will increment.

To emphasize that this diagram reference is a syntactic construct rather than a semantically meaningful
reference, “S’ (for “subject”) is used as the node letter instead of the customary node letter “A,” as
allowed by the language formalization. Thus, the first FEO page is identified as Figure 1 in the body of
the standard and its model page reference is given as S1F1. The second FEO page addressing the 19th

subject addressed by FEO pages in the document would be similarly given the page reference S19F2.
Likewise, a facing text page that discusses the first FEO page discussing the fifth topic for which FEQ
pages have been provided would be given the page reference SSF1T1.

The language formalization allows as many as nine boxes in an IDEFO diagram; this new flexibility
allows the digit “9” in the FEO page reference S19F2 to be syntactically correct. However, the digit “0”
would remain syntactically incorrect in these constructed diagram references; this is because the box
number 0O is allowed only to identify the box that represents the AO function in the A-0r and A-1 context
diagrams. Thus a constructed page reference such as S20F1 would be both semantically invalid and
syntactically incorrect. Therefore, the topical page references constructed for the FEQpages of this annex
do not include fictitious diagram numbers which include the digit O; in effect; the sequence of subject
numbers standing in for diagram numbers skips “10,” “20,” and “30.”

C.5 Facing text pages

The content of facing text pages in this annex describes.aad explains the FEO figures that they
accompany. The content of these text pages is informative only:

C.6 Glossary pages

The content of glossary pages in this annex define terms in the FEO figures that they accompany. The
content of these glossary pages is informativeonly, unless the definition is also given in Clause 2.

C.7 Diagram.feature references

To minimize visual clutter, IDEFO diagram.feature references are used extensively in these figures rather
than activity names and arrow labels. Refer to facing text pages for more expansive information.

C.8 Acknowledgments

These figureswere prepared using Design/IDEF, Release 3.7, from Meta Software, Inc.
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