iFederal InformationProcessing Standards Publication 1841993 December 21Announcing the Standard forINTEGRATION DEFINITION FOR INFORMATION MODELING(IDEF1X)

Federal Information Processing Standards Publications (FIPS PUBS) are issued by theNational Institute of Standards and Technology after approval by the Secretary ofCommerce pursuant to Section 111(d) of the Federal Property and AdministrativeServices Act of 1949 as amended by the Computer Security Act of 1987, Public Law100-235.

1.Name of Standard.

Integration Definition for Information Modeling (IDEF1X).

2.Category of Standard.

Software Standard, Modeling Techniques.

3.Explanation.

This publication announces the adoption of the IntegrationDefinition for Information Modeling (IDEF1X) as a Federal Information ProcessingStandard (FIPS). This standard is based on the Integration Information Support System(IISS), Volume V - Common Data Model Subsystem, Part 4 - Information ModelingManual - IDEF1 Extended, 1 (IDEF1X) November 1985.This standard describes the IDEF1X modeling language (semantics and syntax)and associated rules and techniques, for developing a logical model of data. IDEF1X isused to produce a graphical information model which represents the structure andsemantics of information within an environment or system. Use of this standard permitsthe construction of semantic data models which may serve to support the management ofdata as a resource, the integration of information systems, and the building of computerdatabases.This standard is the reference authority for use by information modelers requiredto utilize the IDEF1X modeling technique, implementors in developing tools forimplementing this technique, and other computer professionals in understanding theprecise syntactic and semantic rules of the standard.

4.Approving Authority.

Secretary of Commerce.

5.Maintenance Agency.

Department of Commerce, National Institute of Standardsand Technology, Computer Systems Laboratory.

6.Cross Index.

a.Integration Information Support System (IISS), Volume V - CommonData Model Subsystem, Part 4 - Information Modeling Manual - IDEF1 Extended.

7.Related Documents.

a.Federal Information Resources Management Regulations Subpart201.20.303, Standards, and Subpart 201.39.1002, Federal Standards.b.ICAM Architecture Part II-Volume V - Information Modeling Manual(IDEF1), AFWAL-TR-81-4023, Materials Laboratory, Air Force Wright AeronauticalLaboratories, Air Force Systems Command, Wright-Patterson Air Force Base, Ohio45433, June 1981.

iic.ICAM Architecture Part II-Volume IV - Function Modeling Manual(IDEF0), AFWAL-TR-81-4023, Materials Laboratory, Air Force Wright AeronauticalLaboratories, Air Force Systems Command, Wright-Patterson Air Force Base, Ohio45433, June 1981.d.ICAM Configuration Management, Volume II -ICAM DocumentationStandards for Systems Development Methodology (SDM), AFWAL-TR-82-4157, AirForce Systems Command, Wright-Patterson Air Force Base, Ohio 45433, October 1983.

8.Objectives.

The primary objectives of this standard are:a.To provide a means for completely understanding and analyzing an organization’sdata resources;b.To provide a common means of representing and communicating the complexityof data;c.To provide a technique for presenting an overall view of the data required to runan enterprise;d.To provide a means for defining an application- independent view of data whichcan be validated by users and transformed into a physical database design;e.To provide a technique for deriving an integrated data definition from existingdata resources.

9.Applicability.

An information modeling technique is used to model data in astandard, consistent, predictable manner in order to manage it as a resource.The use of this standard is strongly recommended for all projects requiring astandard means of defining and analyzing the data resources within an organization.Such projects include:a.incorporating a data modeling technique into a methodology;b.using a data modeling technique to manage data as a resource;c.using a data modeling technique for the integration of information systems;d.using a data modeling technique for designing computer databases.The specifications of this standard are applicable when a data modeling techniqueis applied to the following:a.projects requiring IDEF1X as the modeling technique;b.development of automated software tools implementing the IDEF1X modelingtechnique.The specification of this standard are not applicable to those projects requiringdata modeling technique other than IDEF1X.Nonstandard features of the IDEF1X technique should be used only when theneeded operation or function cannot reasonably be implemented with the standardfeatures alone. Although nonstandard features can be very useful, it should be recognizedthat the use of these or any other nonstandard elements may make the integration of datamodels more difficult and costly.

iii10.Specifications.

This standard adopts the Integration Definition Method forInformation Modeling (IDEF1X) as a Federal Information Processing Standard (FIPS).

11.Implementation.

The implementation of this standard involves two areas ofconsideration: acquisition of implementations and interpretation of the standard.

11.1 Acquisition of IDEF1X Implementations.

This publication (FIPS 184) iseffective June 30, 1994. Projects utilizing the IDEF1X data modeling technique, orsoftware implementing the IDEF1X data modeling technique, acquired for Federal useafter this date should conform to FIPS 184. Conformance to this standard should beconsidered whether the project utilizing the IDEF1X data modeling technique is acquiredas part of an ADP system procurement, acquired by separate procurement, used under anADP leasing arrangement, or specified for use in contracts for programming services.A transition period provides time for industry to develop products conforming tothis standard. The transition period begins on the effective date and continues for one (1)year thereafter. The provisions of this publication apply to orders placed after the date ofthis publication; however, utilizing an IDEF1X information modeling technique that doesnot conform to this standard may be permitted during the transition period.

11.2 Interpretation of this FIPS.

NIST provides for the resolution of questionsregarding the implementation and applicability of this FIPS. All questions concerning theinterpretation of IDEF1X should be addressed to: Director, Computer Systems Laboratory ATTN: FIPS IDEF1X Interpretation National Institute of Standards and Technology Gaithersburg, MD 20899

12.Waivers.

Under certain exceptional circumstances, the heads of Federaldepartments and agencies may approve waivers to Federal Information ProcessingStandards (FIPS). The head of such agencies may redelegate such authority only to asenior official designated pursuant to section 3506(b) of Title 44, United States Code.Requests for waivers shall be granted only when:a.Compliance with a standard would adversely affect the accomplishment of themission of an operator of a Federal computer system, orb.Compliance with a standard would cause a major adverse financial impact onthe operator which is not offset by government-wide savings.Agency heads may approve requests for waivers only by a written decision whichexplains the basis upon which the agency head made the required finding(s). A copy ofeach such decision, with procurement sensitive or classified portions clearly identified,shall be sent to:Director, Computer Systems Laboratory,ATTN: FIPS Waiver Decisions,Technology Building, Room B-154,National Institute of Standards and Technology,Gaithersburg, MD 20899.In addition, notice of each waiver granted and each delegation of authority toapprove waivers shall be sent promptly to the Committee on Government Operations ofthe House of Representatives and the Committee on Government Affairs of the Senateand shall be published promptly in the Federal Register.

ivWhen the determination on a waiver request applies to the procurement ofequipment and/or services, a notice of the waiver determination must be published in theCommerce Business Daily as a part of the notice of solicitation for offers of anacquisition or, if the waiver determination is made after that notice is published, byamendment of such notice.A copy of the waiver request, any supporting documents, the document approvingthe waiver request and any supporting and accompanying documents, with such deletionsas the agency is authorized and decides to make under 5 U.S.C. Sec. 552 (b), shall be partof the procurement documentation and retained by the agency.

13.Where to Obtain Copies.

Copies of this publication are for sale by the NationalTechnical Information Service, U.S. Department of Commerce, Springfield, VA 22161.When ordering, refer to Federal Information Processing Standards Publication 184(FIPSPUB 184) and title. Payment may be made by check, money order, or depositaccount.

iBackground:

The need for semantic data models was first recognized by the U.S. Air Force in themid-seventies as a result of the

Integrated

Computer

Aided

Manufacturing (ICAM)Program. The objective of this program was to increase manufacturing productivitythrough the systematic application of computer technology. The ICAM Programidentified a need for better analysis and communication techniques for people involved inimproving manufacturing productivity. As a result, the ICAM Program developed aseries of techniques known as the IDEF (ICAM Definition) Methods which included thefollowing:a)IDEF0 used to produce a �function model� which is a structured representation ofthe activities or processes within the environment or system.b)IDEF1 used to produce an �information model� which represents the structure andsemantics of information within the environment or system.c)IDEF2 used to produce a �dynamics model� which represents the time varyingbehavioral characteristics of the environment or system.The initial approach to IDEF information modeling (IDEF1) was published by the ICAMprogram in 1981, based on current research and industry needs. The theoretical roots forthis approach stemmed from the early work of Dr. E. F. Codd on relational theory and Dr.P. P. S. Chen on the entity-relationship model. The initial IDEF1 technique was based onthe work of Dr. R. R. Brown and Mr. T. L. Ramey of Hughes Aircraft and Mr. D. S.Coleman of D. Appleton Company, with critical review and influence by Mr. C. W.Bachman, Dr. P. P. S. Chen, Dr. M. A. Melkanoff, and Dr. G. M. Nijssen.In 1983, the U.S. Air Force initiated the

Information

Support

System (I2S2)project under the ICAM program. The objective of this project was to provide theenabling technology to logically and physically integrate a network of heterogeneouscomputer hardware and software. As a result of this project, and industry experience, theneed for an enhanced technique for information modeling was recognized.Application within industry had led to the development in 1982 of a Logical DatabaseDesign Technique (LDDT) by R. G. Brown of the Database Design Group. Thetechnique was based on the relational model of Dr. E. F. Codd, the entity-relationshipmodel of Dr. P. P. S. Chen, and the generalization concepts of J. M. Smith and D. C. P.Smith. It provided multiple levels of models and a set of graphics for representing theconceptual view of information within an enterprise. LDDT had a high degree of overlapwith IDEF1 features, introduced enhanced semantic and graphical constructs, andaddressed information modeling enhancement requirements identified under the I2S2program. Under the technical leadership of Dr. M. E. S. Loomis of D. AppletonCompany, a substantial subset of LDDT was combined with the methodology of IDEF1,and published by the ICAM program in 1985. This technique was called IDEF1Extended or, simply, IDEF1X.A principal objective of IDEF1X is to support integration. The I2S2 approach tointegration focuses on the capture, management, and use of a single semantic definitionof the data resource referred to as a �Conceptual Schema.� The �conceptual schema�provides a single integrated definition of the data within an enterprise which is unbiasedtoward any single application of data and is independent of how the data is physicallystored or accessed. The primary objective of this conceptual schema is to provide aconsistent definition of the meanings and interrelationship of data which can be used to iiintegrate, share, and manage the integrity of data. A conceptual schema must have threeimportant characteristics:a)It must be consistent with the infrastructure of the business and be true across allapplication areas.b)It must be extendible, such that, new data can be defined without alteringpreviously defined data.c)It must be transformable to both the required user views and to a variety of datastorage and access structures.

The IDEF1X approach:

IDEF1X is the semantic data modeling technique described by this document. TheIDEF1X technique was developed to meet the following requirements:1)Support the development of conceptual schemas.The IDEF1X syntax supports the semantic constructs necessary in thedevelopment of a conceptual schema. A fully developed IDEF1X model has thedesired characteristics of being consistent, extensible, and transformable.2)Be a coherent language.IDEF1X has a simple, clean consistent structure with distinct semantic concepts.The syntax and semantics of IDEF1X are relatively easy for users to grasp, yetpowerful and robust.3)Be teachable.Semantic data modeling is a new concept for many IDEF1X users. Therefore, theteachability of the language was an important consideration. The language isdesigned to be taught to and used by business professionals and system analysts aswell as data administrators and database designers. Thus, it can serve as aneffective communication tool across interdisciplinary teams.4)Be well-tested and proven.IDEF1X is based on years of experience with predecessor techniques and hasbeen thoroughly tested both in Air Force development projects and in privateindustry.5)Be automatable.IDEF1X diagrams can be generated by a variety of graphics packages. Inaddition, an active three-schema dictionary has been developed by the Air Forcewhich uses the resulting conceptual schema for an application development andtransaction processing in a distributed heterogeneous environment. Commercialsoftware is also available which supports the refinement, analysis, andconfiguration management of IDEF1X models.

iiiThe basic constructs of an IDEF1X model are:1)Things about which data is kept, e.g., people, places, ideas, events, etc.,represented by a box;2)Relationships between those things, represented by lines connecting the boxes;and3) Characteristics of those things represented by attribute names within the box.

ivTable of Contents1. Overview..................................................................................................................... 11.1 Scope............................................................................................................. 11.2 Purpose.......................................................................................................... 12. Definitions................................................................................................................... 23. IDEF1X Syntax and Semantics................................................................................... 73.1 Entities.......................................................................................................... 73.1.1 Entity Semantics............................................................................ 73.1.2 Entity Syntax.................................................................................. 83.1.3 Entity Rules.................................................................................... 93.2 Domains........................................................................................................ 93.2.1 Domain Semantics......................................................................... 93.2.2 Domain Syntax............................................................................... 113.2.3 Domain Rules................................................................................. 113.3 Views............................................................................................................ 123.3.1 View Semantics.............................................................................. 123.3.2 View Syntax................................................................................... 123.3.3 View Rules..................................................................................... 123.4 Attributes....................................................................................................... 123.4.1 Attribute Semantics........................................................................ 133.4.2 Attribute Syntax............................................................................. 133.4.3 Attribute Rules............................................................................... 143.5 Connection Relationships............................................................................. 153.5.1 Specific Connection Relationship Semantics................................ 153.5.1.1 Identifying Relationship Semantics................................ 163.5.1.2 Non-Identifying Relationship Semantics........................ 163.5.2 Specific Connection Relationship Syntax...................................... 163.5.2.1 Identifying Relationship Syntax...................................... 173.5.2.2 Non-Identifying Relationship Syntax............................. 173.5.2.3 Mandatory Non-Identifying Relationship Syntax........... 183.5.2.4 Optional Non-Identifying Relationship Syntax.............. 183.5.3 Specific Connection Relationship Label........................................ 193.5.4 Specific Connection Relationship Rules........................................ 203.6 Categorization Relationships........................................................................ 203.6.1 Categorization Relationship Semantics......................................... 203.6.2 Categorization Relationship Syntax............................................... 213.6.3 Categorization Relationship Rules................................................. 233.7 Non-Specific Relationships........................................................................... 233.7.1 Non-Specific Relationship Semantics............................................ 233.7.2 Non-Specific Relationship Syntax................................................. 243.7.3 Non-Specific Relationship Rules................................................... 253.8 Primary and Alternate Keys.......................................................................... 253.8.1 Primary and Alternate Key Semantics........................................... 263.8.2 Primary and Alternate Key Syntax................................................ 263.8.3 Primary and Alternate Key Rules.................................................. 273.9 Foreign Keys................................................................................................. 273.9.1 Foreign Key Semantics.................................................................. 273.9.1.1 Role Name Semantics..................................................... 283.9.2 Foreign Key Syntax....................................................................... 283.9.2.1 Role Name Syntax.......................................................... 293.9.3 Foreign Key Rules......................................................................... 303.10 View Levels................................................................................................ 31 v3.10.1 View Level Semantics................................................................. 313.10.2 View Level Syntax....................................................................... 323.10.3 View Level Rules......................................................................... 323.11 View Presentation....................................................................................... 333.12 Glossary...................................................................................................... 333.13 Model Notes................................................................................................ 343.13.1 Model Note Rules........................................................................ 353.14 Lexical Conventions................................................................................... 353.14.1 View, Entity, and Domain (Attribute) Names............................. 353.14.2 Entity Labels................................................................................ 363.14.3 Role Name Attribute Labels........................................................ 363.14.4 Relationship Names and Labels................................................... 373.14.5 Model Notes................................................................................. 373.14.6 Displaying Labels on More Than One Line................................. 384. Bibliography................................................................................................................ 39Annex A. Concepts and Procedures from the Original ICAM Work............................. 40A1. Definitions................................................................................................................ 40A2. Data Modeling Concepts.......................................................................................... 42A2.1 Managing Data as a Resource.................................................................... 42A2.2 The Three Schema Concept....................................................................... 43A2.3 Objectives of Data Modeling..................................................................... 45A2.4 The IDEF1X Approach.............................................................................. 46A3. Modeling Guidelines................................................................................................ 48A3.1 Phase Zero � Project Initiation................................................................. 48A3.1.1 Establish Modeling Objectives................................................... 48A3.1.2 Develop Modeling Plan............................................................... 49A3.1.3 Organize Team............................................................................ 49A3.1.4 Collect Source Material............................................................... 54A3.1.5 Adopt Author Conventions......................................................... 55A3.2 Phase One — Entity Definition.................................................................... 56A3.2.1 Identify Entities........................................................................... 56A3.2.2 Define Entities............................................................................. 58A3.3 Phase Two — Relationship Definition........................................................ 59A3.3.1 Identify Related Entities.............................................................. 60A3.3.2 Define Relationships................................................................... 61A3.3.3 Construct Entity-Level Diagrams............................................... 63A3.4 Phase Three - Key Definitions................................................................... 66A3.4.1 Resolve Non-Specific Relationships........................................... 67A3.4.2 Depict Function Views................................................................ 68A3.4.3 Identify Key Attributes............................................................... 69A3.4.4 Migrate Primary Keys................................................................. 72A3.4.5 Validate Keys and Relationships................................................ 75A3.4.6 Define Key Attributes................................................................. 80A3.4.7 Depict Phase Three Results......................................................... 81A3.5 Phase Four - Attribute Definition............................................................... 83A3.5.1 Identify Nonkey Attributes......................................................... 83A3.5.2 Establish Attribute Ownership.................................................... 83A3.5.3 Define Attributes......................................................................... 85A3.5.4 Refine Model............................................................................... 85A3.5.5 Depict Phase Four Results.......................................................... 87 viA4. Documentation and Validation................................................................................ 89A4.1 Introduction................................................................................................ 89A4.2 IDEF1X Kits.............................................................................................. 89A4.3 Standard Forms.......................................................................................... 91A4.4 The IDEF Model Walk-Through Procedure.............................................. 96Annex B Formalization................................................................................................... 100B.1 Introduction.............................................................................................................. 100B.1.1 Objectives.................................................................................................. 100B.1.2 Overview................................................................................................... 100B.1.2.1 An IDEF1X Theory.................................................................... 100B.1.2.2 An IDEF1X Meta Model............................................................ 103B.1.3 Example..................................................................................................... 103B.1.4.1 Diagram...................................................................................... 104B.1.4.2 Domains...................................................................................... 105B.1.3.3 Sample Instances........................................................................ 106B.1.4 First Order Language................................................................................. 108B.1.4.1 Truth Symbols............................................................................ 108B.1.4.2 Constant Symbols....................................................................... 108B.1.4.3 Variable Symbols....................................................................... 109B.1.4.4 Function Symbols....................................................................... 109B.1.4.5 Terms.......................................................................................... 109B.1.4.6 Predicate Symbols...................................................................... 109B.1.4.7 Equality Symbol......................................................................... 109B.1.4.8 Propositions................................................................................ 109B.1.4.9 Sentences.................................................................................... 109B.1.4.10 Incremental Definitions............................................................ 110B.2 Generating an IDEF1X Theory From an IDEF1X Model....................................... 112B.3 Vocabulary of an IDEF1X Theory........................................................................... 113B 3.1 Constant Symbols...................................................................................... 113B.3.1.1 Constants Common To All IDEF1X Theories........................... 113B.3.1.2 Constants Determined By The IDEF1X Model......................... 113B.3.2 Function Symbols...................................................................................... 113B.3.2.1 Naming....................................................................................... 113B.3.2.2 List Constructor.......................................................................... 114B.3.2.3 Addition...................................................................................... 114B3.3 Predicate Symbols...................................................................................... 114B.3.3.1 Predicate Symbols Common To All IDEF1X Theories............. 114B.3.3.2 Predicate Symbols Determined By The IDEF1X Model........... 117B.4 Axioms of an IDEF1X Theory................................................................................. 118B.4.1 Axioms Common To All IDEF1X Theories............................................. 118B.4.1.1 Non-Negative Integers............................................................... 118B.4.1.2 Lists............................................................................................ 118B.4.1.3 Equality...................................................................................... 118B.4.1.4 Unique Naming.......................................................................... 118B.4.1.5 Atoms......................................................................................... 118B.4.1.6 Entity Identity............................................................................. 118B.4.1.7 Domain Referencing................................................................... 119B.4.1.8 Domain Value............................................................................. 119B.4.1.9 Attribute Domain........................................................................ 119B.4.1.10 Category Inheritance................................................................ 120 viiB.4.2 Axioms Determined By The IDEF1X Model........................................... 120B.4.2.1 Glossary...................................................................................... 120B.4.2.2 Entity.......................................................................................... 121B.4.2.3 Domain....................................................................................... 121B.4.2.4 Attribute...................................................................................... 123B.4.2.5 Specific Connection Relationship.............................................. 124B.4.2.6 Non-Specific Relationship......................................................... 127B.4.2.7 Categorization Relationship....................................................... 127B.4.2.8 Primary and Alternate Key......................................................... 129B.4.2.9 Foreign Key................................................................................ 130B.4.2.10 Constraints as Axioms.............................................................. 132B.4.2.11 Distinct Atomic Constants........................................................ 132B.5 IDEF1X Meta Model................................................................................................ 133B.5.1 IDEF1X Diagram...................................................................................... 134B.5.2 Domains..................................................................................................... 135B.5.3 Constraints................................................................................................. 136B.5.3.1 Acyclic Generalization............................................................... 136B.5.3.2 Acyclic Domain Type and Alias................................................ 136B.5.3.3 Acyclic Entity Alias................................................................... 137B.5.3.5 An Entity in a View Can Be Known By Only One Name......... 137B.5.3.6 An Attribute in a View Can Be Known By Only OneName............................................................................... 138B.5.3.7 ER View Entity Attribute Constraints........................................ 138B.5.3.8 DiscEntity is Generic or an Ancestor of Generic....................... 138B.5.3.9 A Complete Cluster Cannot Have an OptionalDiscriminator.................................................................. 139B.5.3.10 Primary Key Constraints.......................................................... 139B.5.3.11 ER Connection Constraints...................................................... 140B.5.3.12 Connection is Specific If Level is not ER................................ 141B.5.3.13 View Entity Is Dependent........................................................ 141B.5.3.14 Migrated Attribute.................................................................... 141B.5.3.15 An Attribute is Owned Iff It Is Not Migrated.......................... 141B.5.3.16 An Attribute Can Be Owned by At Most One Entity in aView................................................................................ 142B.5.3.17 Non ER Connection Cardinality Constraints........................... 142B.5.3.18 Low Cardinality Is Less Than Or Equal To HighCardinality....................................................................... 142B.5.3.19 Child Cardinality is Z or 1 Iff Roles Contain the PrimaryKey or Any...................................................................... 143B.5.3.20 Is-Mandatory is True Iff All Roles Are Nonull........................ 143B.5.3.21 Connection with Foreign Keys is Identifying Iff theForeign Key Attributes Are a Subset of the ChildPrimary Key.................................................................... 143B.5.3.22 Foreign Key Attributes Determine ConnectionNo................... 144B.5.3.23 Connection Foreign Key Attributes Type Uniquely OntoParent Primary Key Attributes........................................ 144B.5.3.24 Category Primary Key Attributes Type Uniquely OntoGeneric Primary Key Attributes..................................... 145B.5.4 Valid IDEF1X Model................................................................................ 146B.6 Bibliography............................................................................................................. 147B.7 Acknowledgements.................................................................................................. 147

1. Overview

This standard describes the IDEF1X modeling language (semantics and syntax) andassociated rules and techniques, for developing a logical model of data. IDEF1X is usedto produce information models which represent the structure and semantics ofinformation within an enterprise.

1.1 Scope

IDEF1X is used to produce a graphical information model which represents the structureand semantics of information within an environment or system. Use of this standardpermits the construction of semantic data models which may serve to support themanagement of data as a resource, the integration of information systems, and thebuilding of computer databases.In addition to the standard specification, this document provides two informativeannexes. Annex A provides an example of a process of developing an IDEF1X modelintroduced in the original ICAM program. Annex B introduces a fomalization to theIDEF1X language written by R. G. Brown of the Database Design Group.

1.2 Purpose

This information modeling technique is used to model data in a standard, consistent,predictable manner in order to manage it as a resource. The primary objectives of thisstandard are:a)To provide a means for completely understanding and analyzing an organization�sdata resources;b)To provide a common means of representing and communicating the complexity ofdata;c)To provide a method for presenting an overall view of the data required to run anenterprise;d)To provide a means for defining an application-independent view of data whichcan be validated by users and transformed into a physical database design;e)To provide a method for deriving an integrated data definition from existing dataresources.

2. Definitions2.1 Alias:

A nonstandard name for an entity or domain (attribute).

2.2 Assertion:

A statement that specifies a condition that must be true.

2.3 Attribute:

A property or characteristic that is common to some or all of the instancesof an entity. An attribute represents the use of a domain in the context of an entity.

2.4 Attribute, Inherited:

An attribute that is a characteristic of a category entity byvirtue of being an attribute in its generic entity or a generic ancestor entity.

2.5 Attribute, Migrated:

A foreign key attribute of a child entity.

2.6 Attribute, Non-key:

An attribute that is not the primary or a part of a compositeprimary key of an entity. A non-key attribute may be a foreign key or alternate keyattribute.

2.7 Attribute, Optional:

A non-key attribute of an entity that may be null in any instanceof the entity.

2.8 Attribute, Owned:

An attribute of an entity that has not migrated into the entity.

2.9 Attribute Value:

A value given to an attribute in an entity instance.

2.10 Category Cluster:

A set of one or more mutually exclusive categorizationrelationships for the same generic entity.

2.11 Category Discriminator:

An attribute in the generic entity (or a generic ancestorentity) of a category cluster. The values of the discriminator indicate which categoryentity in the category cluster contains a specific instance of the generic entity. Allinstances of the generic entity with the same discriminator value are instances of the samecategory entity. The inverse is also true.

2.12 Conceptual Schema:

See Schema

2.13 Constraint:

A rule that specifies a valid condition of data.

2.14 Constraint, Cardinality:

A limit on the number of entity instances that can beassociated with each other in a relationship.

2.15 Constraint, Existence:

A condition where an instance of one entity cannot existunless an instance of another related entity also exists.

2.16 Database:

A collection of interrelated data, often with controlled redundancy,organized according to a schema to serve one or more applications.

2.17 Data Model:

A graphical and textual representation of analysis that identifies thedata needed by an organization to achieve its mission, functions, goals, objectives, andstrategies and to manage and rate the organization. A data model identifies the entities,domains(attributes), and relationships (or associations) with other data, and provides theconceptual view of the data and the relationships among data.

32.18 Data Type:

A categorization of an abstract set of possible values, characteristics,and set of operations for an attribute. Integers, real numbers, character strings, andenumerations are examples of data types.

2.19 Domain:

A named set of data values (fixed, or possibly infinite in number) all of thesame data type, upon which the actual value for an attribute instance is drawn. Everyattribute must be defined on exactly one underlying domain. Multiple attributes may bebased on the same underlying domain.

2.20 Enterprise:

An organization that exists to perform a specific mission and achieveassociated goals and objectives.

2.21 Entity:

The representation of a set of real or abstract things (people, objects, places,events, ideas, combination of things, etc.) that are recognized as the same type becausethey share the same characteristics and can participate in the same relationships.

2.22 Entity, Category:

An entity whose instances represent a sub-type or sub-classification of another entity (generic entity). Also known as sub-type or sub-class.

2.23 Entity, Child:

The entity in a specific connection relationship whose instances canbe related to zero or one instance of the other entity (parent entity).

2.24 Entity, Generic:

An entity whose instances are classified into one or more sub-types or sub-classifications (category entity). Also known as super-type or super-class.

2.25 Entity Instance:

One of a set of real or abstract things represented by an entity. Theinstance of an entity can be specifically identified by the value of the attribute(s)participating in its primary key.

2.26 Entity, Parent:

An entity in a specific connection relationship whose instances canbe related to a number of instances of another entity (child entity).

2.27 Existence Dependency:

A constraint between two related entities indicating that noinstance of one (child entity) can exist without being related to an instance of the other(parent entity). The following relationship types represent existence dependencies:identifying relationships, categorization relationships and mandatory non-identifyingrelationships.

2.28 External Schema:

See Schema

2.29 Functional Dependency:

A special kind of integrity constraint that applies withinthe confines of a single entity �R�, where each �X� value of �R� has associated with it atmost one �Y� value of �R� (at any one time). Attributes �X� and �Y� may be composite.

2.30 Glossary:

A set of definitions of entities and domains (attributes).

2.31 IDEF1X Diagram:

See View Diagram.

2.32 IDEF1X Model:

A set of one or more IDEF1X views, often represented as viewdiagrams which depict the underlying semantics of the views, along with definitions ofthe entities and attributes used in the views. See Data Model.

42.33 Identifier Dependency:

A constraint between two related entities that requires theprimary key in one (child entity) to contain the entire primary key of the other (parententity). The following relationship types represent identifier dependencies: Identifyingrelationships, categorization relationships.

2.34 Key, Candidate:

An attribute, or combination of attributes, of an entity whosevalues uniquely identify each entity instance.

2.35 Key, Alternate:

Any candidate key of an entity other than the primary key.

2.36 Key, Composite:

A key comprised of two or more attributes.

2.37 Key, Compound:

Same as Key, Composite.

2.38 Key, Foreign:

An attribute, or combination of attributes of a child or category entityinstance whose values match those in the primary key of a related parent or generic entityinstance. A foreign key results from the migration of the parent or generic entitiesprimary key through a specific connection or categorization relationship.

2.39 Key, Migrated:

Same as Foreign Key.

2.40 Key Migration:

The modeling process of placing the primary key of a parent orgeneric entity in its child or category entity as a foreign key.

2.41 Key, Primary:

The candidate key selected as the unique identifier of an entity.

2.42 Key, Split:

A foreign key containing two or more attributes, where at least one ofthe attributes is a part of the entities primary key and at least one of the attributes is not apart of the primary key.

2.43 Normal Form:

The condition of an entity relative to satisfaction of a set ofnormalization theory constraints on its attribution. A specific normal form is achieved bysuccessive reduction of an entity from its existing condition to some more desirable form.The procedure is reversible.a)First Normal Form (1NF) - An entity is in 1NF if and only if all underlying simpledomains contain atomic values only.b)Second Normal Form (2NF) - An entity is in 2NF if and only if it is in 1NF andevery non-key attribute is fully dependent on the primary key.c)Third Normal Form (3NF) - An entity is in 3NF if and only if it is in 2NF andevery attribute that is not a part of the primary key is non-transitively dependent(mutually independent) on the primary key. Two or more attributes are mutuallyindependent if none of them is functionally dependent on any combination of theothers.

2.44 Normalization:

the process of refining and regrouping attributes in entitiesaccording to the normal forms.

2.45 Null:

A condition where a value of an attribute is not applicable or not known for anentity instance.

52.46 Relationship:

An association between two entities or between instances of the sameentity.

2.47 Relationship Cardinality:

The number of entity instances that can be associatedwith each other in a relationship. See Constraint, Cardinality.

2.48 Relationship, Categorization (Category):

A relationship in which instances ofboth entities represent the same real or abstract thing. One entity (generic entity)represents the complete set of things the other (category entity) represents a sub-type orsub-classification of those things. The category entity may have one or morecharacteristics, or a relationship with instances of another entity not shared by all genericentity instances. Each instance of the category entity is simultaneously an instance of thegeneric entity.

2.49 Relationship, Connection:

Same as Relationship, Specific Connection.

2.50 Relationship, Identifying:

A specific connection relationship in which everyattribute in the primary key of the parent entity is contained in the primary key of thechild entity.

2.51 Relationship, Mandatory Non-identifying:

A non-identifying relationship inwhich an instance of the child entity must be related to an instance of the parent entity.

2.52 Relationship Name:

A verb or verb phrase which reflects the meaning of therelationship expressed between the two entities shown on the diagram on which the nameappears.

2.53 Relationship, Non-specific:

An relationship in which an instance of either entitycan be related to a number of instances of the other.

2.54 Relationship, Non-identifying:

A specific connection relationship in which someor all of the attributes contained in the primary key of the parent entity do not participatein the primary key of the child entity.

2.55 Relationship, Optional Non-identifying:

A non-identifying relationship in whichan instance of the child entity can exist without being related to an instance of the parententity.

2.56 Relationship, Parent-Child:

2.57 Relationship, Specific Connection:

A relationship where a number of instances ofone entity (child entity) can be related to zero or one instance of the other entity (parententity). In a specific connection relationship the primary key of the parent entity iscontributed as a foreign key to the child entity.

2.58 Role Name:

A name assigned to a foreign key attribute to represent the use of theforeign key in the entity.

2.59 Schema:

A definition of data structure:a)Conceptual Schema: A schema of the ANSI/SPARC Three Schema Architecture,in which the structure of data is represented in a form independent of any physicalstorage or external presentation format.

6b)External Schema: A schema of the ANSI/SPARC Three Schema Architecture, inwhich views of information are represented in a form convenient for the users ofinformation; a description of the structure of data as seen by the user of a system.c)Internal Schema: A schema of the ANSI/SPARC Three Schema Architecture, inwhich views of information are represented in a form specific to the data basemanagement system used to store the information: a description of the physicalstructure of data.

2.60 Semantics:

The meaning of the syntatic components of a language.

2.61 Synonym:

A word, expression, or symbol accepted as a figurative or symbolicsubstitute for another word or expression; that is, an alternative name for the same thing.(See Alias)

2.62 Syntax:

Structural components or features of a language and rules that definerelationships among them.

2.63 Verb Phrase:

A phrase used to name a relationship, which consists of a verb andwords which comprise the object of the phrase.

2.64 View:

A collection of entities and assigned attributes (domains) assembled for somepurpose.

2.65 View Diagram:

A graphic representation of the underlying semantics of a view.

73. IDEF1X Syntax and Semantics

This section will discuss the levels of IDEF1X models, their content, the rules that governthem, and the various forms in which a model may be presented. It will also discuss thesemantics (or meaning) of each component of an IDEF1X diagram, the graphical syntaxfor representing the component, and the rules governing its use. Although thecomponents are highly interrelated, each one is discussed separately without regard forthe actual sequence of construction. An IDEF1X model is comprised of one or moreviews (often presented in view diagrams representing the underlying semantics of theviews), and definitions of the entities and domains (attributes) used in the views. Theseare described in this section. Annex A discusses a procedure for building an IDEF1Xmodel which will conform to the defined syntax and semantics.Each IDEF1X model must be accompanied by a statement of purpose (describing whythe model was produced), a statement of scope (describing the general area covered bythe model), and a description of any conventions the authors have used during itsconstruction. Author conventions must not violate any of the rules governing modelsyntax or semantics.The components of an IDEF1X view are:a)Entities1)Identifier-Independent Entities2)Identifier-Dependent Entitiesb)Relationships1)Identifying Connection Relationships2)Non-Identifying Connection Relationships3)Categorization Relationships4)Non-Specific Relationshipsc)Attributes/Keys1)Attributes2)Primary Keys3)Alternate Keys4)Foreign Keysd)NotesThe section provides a general description of IDEF1X. Each modeling construct isdescribed in terms of its general semantics, syntax, and rules.

3.1 Entities

Entities represent the things of interest in an IDEF1X view. They are displayed in viewdiagrams, and defined in the glossary.

3.1.1 Entity Semantics

An entity represents a set of real or abstract things (people, objects, places, events, ideas,combinations of things, etc.) which have common attributes or characteristics. Anindividual member of the set is referred to as an �entity instance.� A real world object orthing may be represented by more than one entity within a view. For example, John Doemay be an instance of both the entity EMPLOYEE and BUYER. Furthermore, an entity

8instance may represent a combination of real world objects. For example, John and Marycould be an instance of the entity MARRIED-COUPLE.An entity is �identifier-independent� or simply �independent� if each instance of theentity can be uniquely identified without determining its relationship to another entity.An entity is �identifier-dependent� or simply �dependent� if the unique identification ofan instance of the entity depends upon its relationship to another entity.

3.1.2 Entity Syntax

An entity is represented as a box as shown in Figure 1. If the entity is identifier-dependent, then the corners of the box are rounded. Each entity is assigned a label whichis placed above the box. The label must contain a unique entity name. A positive integernumber may also be assigned to an entity as part of the label. The number would beseparated by a slash (�/�).Identifier-Independent Entity

Entity-Name/Entity-Number

Syntax

Example

Employee/32

Identifier-Dependent Entity

P-O-Item/52

Figure 1. Entity Syntax

The entity name is a noun phrase that describes the set of things the entity represents.The noun phrase is in singular form, not plural. Abbreviations and acronyms arepermitted, however, the entity name must be meaningful and consistent throughout themodel. A formal definition of the entity and a list of synonyms or aliases must be defined

9in the glossary. Although an entity may be drawn in any number of diagrams, it onlyappears once within a given diagram.

3.1.3 Entity Rules a)Each entity must have a unique name and the same meaning must always apply tothe same name. Furthermore, the same meaning cannot apply to different namesunless the names are aliases.b)In a key-based or fully-attributed view, an entity has one or more attributes whichare either owned by the entity or migrated to the entity through a relationship.(See Foreign Keys in Section 3.9.)c)In a key-based or fully-attributed view, an entity has one or more attributes whosevalues uniquely identify every instance of the entity. (See Primary and AlternateKeys in Section 3.8.)d)An entity can have any number of relationships with other entities in the view.e)If an entire foreign key is used for all or part of an entity�s primary key, then theentity is identifier-dependent. Conversely, if only a portion of a foreign key or noforeign key attribute at all is used for an entity�s primary key, then the entity isidentifier-independent. (See Foreign Key Semantics in Section 3.9.1.)f)In a view, an entity is labeled by either its entity name or one of its aliases. It maybe labeled by different names (i.e., aliases) in different views in the same model.(See Glossary in Section 3.12.)g.)No view can contain two distinctly named entities in which the names aresynonymous. Two names are synonymous if either is directly or indirectly analias for the other, or there is a third name for which both names are aliases (eitherdirectly or indirectly).

3.2 Domains

A �Domain� represents a named and defined set of values that one or more attributesdraw their values from. In IDEF1X domains are defined separately from entities andviews in order to permit their reuse and standardization throughout the enterprise.

3.2.1 Domain Semantics

A domain is considered a class for which there is a fixed, and possibly infinite, set ofinstances. For example,

State-Code would be considered a domain, where the set ofallowable values for the domain would satisfy the definition of a state-code (e.g. theunique identifier of a state) and might consist of the two-letter abbreviations of the states.Another example of a domain might be

Last-Name, which has a near-infinite set ofpossible values which must be composed of alphabetic characters [A-Z, a-z].Domains are considered immutable classes whose values do not change over time. Incontrast, entities are time-varying classes, their instance data varies over time as the datais modified and maintained. As immutable classes, domain instances always exist inprinciple. Take, for example, the domain

Date

, each instance of date did or will exist,however all instances of date might not be used as instances in an entity containing a datedomain.

10Each domain instance has a unique value in some representation--that is, unique withinthat domain. The

State-Code domain could use a number of representations: Full-Name[Alabama, Alaska, Arizona, ...], Abbreviations [AL, AK, AZ, ...] or State Number [1, 2,3, ...]. Each instance representation must be unique within the domain. Using the firstletter of the state as the representation would be invalid [A, A, A].There are two basic types of domains, base domain and typed domain.A base domain may be assigned a data type which may be one of the following:Character, Numeric or Boolean. Other data types such as dates, times, binary, etc. mayalso be used, but the IDEF1X standard includes the basic three as defaults.Base domains may also be assigned a domain rule. Domain rules are used to provide theacceptable values of a domain. The two most common domain rules are the value list,and the range rules.The value list domain rule defines the set of all acceptable instance values for a domain.Attributes of a domain with a value list domain rule are only valid if their instance valuesare a part of the value list. A common use of this rule is to define lists of coded valuessuch as orTitles

[Mr, Mrs, ...].The range domain rule defines the set of all acceptable instance values for a domainwhere the instance values are constrained by a lower and/or upper boundary. A goodexample of the range domain rule is

Azimuth which must be between -360o to +360o.Finally, for a domain, the domain rule may be left unspecified. In this case the domain isonly constrained by those rules associated with its data type or those of its super-type if ithas either.

Last-Name is an example of a domain without a domain rule, it can take onany allowable character value.An instance of a base domain is considered to exist if it is of the specified data type, ifany, and satisfies its domain rule.Typed domains are sub-types of base domains or other typed domains, which may furtherconstrain the acceptable values for the domain. A typed domain exists, if it is of the datatype, and satisfies the domain rules of its supertype domain. In this way, a hierarchy ofdomains can be defined, with increasingly tighter domain rules going down the hierarchy.A domain hierarchy is a generalization hierarchy. Note that, unlike the category structurefor entitles, there is no implication that domain sub-types are mutually exclusive.In the example shown in Figure 2, the

Frequency domain might have a data type ofnumeric with no domain rule. The

Audio-Frequency domain would have a representationof Hertz (Hz) with a range domain rule added, which constrained the valid instance datato between 1 and 250,000 Hz. The

Sonic domain would further constrain the range tothat of human hearing or 20 to 20,000 Hz with an additional range domain rule. TheRadio-Frequency domain would have a range rule of 1 to 300,000,000.0 Hz. Note that adomain instance must comply with all of the domain rules of its parent domain (if any)and with its own domain rules.

Frequency

Ultra HighFrequency(UHF)

Very HighFrequency(VHF)

HighFrequency(HF)

RadioFrequency

AudioFrequency

Ultra-Sonic

Sonic

Sub-Sonic

Base Domain

Typed Domains

Figure 2. Example of a Domain Hierarchy3.2.2 Domain Syntax

There is no current concrete syntax for domains in IDEF1X. Domain information shouldbe stored in the glossary as informal notation stating the data type for base domains, sub-typing relationships for typed domains, and the domain rules and representation for alldomains.

3.2.3 Domain Rules a)A domain must have a unique name and the same meaning must always apply tothe same name. Furthermore, the same meaning cannot apply to different namesunless the names are aliases.b)A domain is either a base domain or a typed domain.c)A base domain may have one of the following types: character, numeric, orboolean.d)A domain may have a domain rule.e)A domain rule is stated either as a range or a value list.f)The range rule constrains valid instances with a lower and/or upper value.g)The value list rule constrains valid instances to one member of a set of values.h)A typed domain is a sub-type of a base domain or another typed domain.

12i)A typed domain references the domain it is a sub-type of.j)No domain can be directly or indirectly a sub-type of itself.

3.3 Views

An IDEF1X �view� is a collection of entities and assigned domains (attributes)assembled for some purpose. A view may cover the entire area being modeled, or a partof that area. An IDEF1X model is comprised of one or more views (often presented inview diagrams representing the underlying semantics of the views), and definitions of theentities and domains (attributes) used in the views.

3.3.1 View Semantics

In IDEF1X, entities and domains are defined in a common glossary and mapped to oneanother in views. In this way an entity such as EMPLOYEE may appear in multipleviews, in multiple models, and have a somewhat different set of attributes in each. Ineach view, it is required that the entity EMPLOYEE mean the same thing. The intent isthat EMPLOYEE be the class of all employees. That is, individual things are classifiedas belonging to the class EMPLOYEE on the basis of some similarity. It is that sense ofwhat it means to be an employee that is defined in the glossary. Similarly, the domainEMPLOYEE-NAME is defined once, and used as an attribute in appropriate views.A view is given a name, and, optionally, additional descriptive information. Optionalinformation may include the name of the author, dates created and last revised, level (ER,key-based, fully-attributed, etc.), completion or review status, and so on.A textual description of the view may also be provided. This description may containnarrative statements about the relationships in the view, brief descriptions of entities andattributes, and discussions of rules or constraints that are specified.

3.3.2 View Syntax

The constructs, i.e., entities, attributes (domains), relationships, and notes depicted in aview diagram must comply with all syntax and rules governing the individual constructs.

3.3.3 View Rules a)Each view must have a unique name.b)Author conventions adopted for a model must be consistent across all viewsincluded in the model.c)Any view which contains syntax that is in conflict with any of the standards setforth in this document must be labeled �For Exposition Only� (FEO).d)A model may contain views of different levels.

3.4 Attributes

A domain associated with an entity in a view is referred to as an �attribute� of the entity.Within an IDEF1X view, attributes are associated with specific entities.

133.4.1 Attribute Semantics

In an IDEF1X view, an �attribute� represents a type of characteristic or propertyassociated with a set of real or abstract things (people, objects, places, events, ideas,combinations of things, etc.). An �attribute instance� is a specific characteristic of anindividual member of the set. An attribute instance is defined by both the type ofcharacteristic and its value, referred to as an �attribute value.� An instance of an entity,then, will usually have a single specific value for each associated attribute. For example,EMPLOYEE-NAME and BIRTH-DATE may be attributes associated with the entityEMPLOYEE. An instance of the entity EMPLOYEE could have the attribute values of�Jenny Lynne� and �February 27, 1953.� In another situation, an employee�s birth datemay be unknown when the entity instance is created, and the attribute may have no valuefor some period of time. In another case, an attribute may be applicable for one instance,but not for another. For example, a WINDOW entity might have the attribute COLOR.In one instance, COLOR may have the value �grey�. In another, there may be no value(the attribute may be null) meaning that the window has no color (the window is clear,therefore the attribute is not applicable to this instance).An entity must have an attribute or combination of attributes whose values uniquelyidentify every instance of the entity. These attributes form the �primary-key� of theentity. (See Section 3.8.) For example, the attribute EMPLOYEE-NUMBER mightserve as the primary key for the entity EMPLOYEE, while the attributes EMPLOYEE-NAME and BIRTH-DATE would be non-key attributes.In a key-based or fully-attributed view, every attribute is owned by only one entity. Theattribute MONTHLY-SALARY, for example, might apply to some instances of the entityEMPLOYEE but not all. Therefore, a separate but related category entity calledSALARIED-EMPLOYEE might be identified in order to establish ownership for theattribute MONTHLY-SALARY. Since an actual employee who was salaried wouldrepresent an instance of both the EMPLOYEE and SALARIED-EMPLOYEE entities,attributes common to all employees, such as EMPLOYEE-NAME and BIRTH-DATE,are owned attributes of the EMPLOYEE entity, not the SALARIED-EMPLOYEE entity.Such attributes are said to be �inherited� by the category entity, but are not included in itslist of attributes: they only appear in the list of attributes of the generic entity.In addition to an attribute being �owned� by an entity, an attribute may be present in anentity due to its �migration� through a specific connection relationship, or through acategorization relationship. (See Section 3.9.) For example, if every employee isassigned to a department, then the attribute DEPARTMENT-NUMBER could be anattribute of EMPLOYEE which has migrated through the relationship to the entityEMPLOYEE from the entity DEPARTMENT. The entity DEPARTMENT would be theowner of the attribute DEPARTMENT-NUMBER. Only primary key attributes may bemigrated through a relationship. The attribute DEPARTMENT-NAME, for example,would not be a migrated attribute of EMPLOYEE if it was not part of the primary key forthe entity DEPARTMENT.

3.4.2 Attribute Syntax

Each attribute is identified by the unique name of its underlying domain. The name isexpressed as a noun phrase that describes the characteristic represented by the attribute.The noun phrase is in singular form, not plural. Abbreviations and acronyms arepermitted, however, the attribute name must be meaningful and consistent throughout themodel. A formal definition and a list of synonyms or aliases must be defined in theglossary.

14Attributes are shown by listing their names, inside the associated entity box. Attributeswhich define the primary key are placed at the top of the list and separated from the otherattributes by a horizontal line. See Figure 3.Attribute And Primary Key Syntax

}Primary-KeyAttributes

Example

Employee/32

Employee-No

Employee-Name

Birth-Date

SexEntity-name/Entity-number

Attribute-Name[Attribute-Name]

[Attribute-Name]

Figure 3. Attribute and Primary Key Syntax3.4.3 Attribute Rules a)An attribute is a mapping from an entity in a view to a domain. It must have aunique name and the same meaning must always apply to the same name.Furthermore, the same meaning cannot apply to different names unless the namesare aliases.b)An entity can own any number of attributes. In a key-based or fully-attributedview, every attribute is owned by exactly one entity (referred to as the Single-Owner Rule).c)An entity can have any number of migrated attributes. However, a migratedattribute must be part of the primary key of a related parent entity or genericentity.

15d)Every instance of an entity must have a value for every attribute that is part of itsprimary key.e)No instance of an entity can have more than one value for an attribute associatedwith the entity (referred to as the No-Repeat Rule).f)Attributes that are not part of a primary key are allowed to be null (meaning notapplicable or not known) provided that they are clearly marked by the symbol�(O)� (an upper case O, for optional) following the attribute name.g)In a view, an attribute is labeled by either its attribute name or one of its aliases.If it is an owned attribute in one entity, and a migrated attribute in another, iteither has the same name in both or has a role name or an alias for a role name asthe migrated attribute. An attribute may be labeled by different names (i.e.,aliases) in different views within the same model.h)No view can contain two distinctly named attributes in which the names aresynonymous. Two names are synonymous if either is directly or indirectly analias for the other, or there is a third name for which both names are aliases (eitherdirectly or indirectly).

3.5 Connection Relationships

In an IDEF1X view, connection relationships are used to represent associations betweenentities.

3.5.1 Specific Connection Relationship Semantics

A �specific connection relationship�or simply �connection relationship� (also referred toas a �parent-child relationship�) is an association or connection between entities in whicheach instance of one entity, referred to as the parent entity, is associated with zero, one, ormore instances of the second entity, referred to as the child entity, and each instance ofthe child entity is associated with zero or one instance of the parent entity. For example,a specific connection relationship would exist between the entities BUYER andPURCHASE-ORDER, if a buyer issues zero, one, or more purchase orders and eachpurchase order must be issued by a single buyer. An IDEF1X view diagram depicts thetype or set of relationship between two entities. A specific instance of the relationshipassociates specific instances of the entities. For example, �buyer John Doe issuedPurchase Order number 123� is an instance of a relationship.The connection relationship may be further defined by specifying the cardinality of therelationship. That is, the specification of how many child entity instances may exist foreach parent instance. Within IDEF1X, the following relationship cardinalities can beexpressed from the perspective of the parent entity:a)Each parent entity instance may have zero or more associated child entityinstances.b)Each parent entity instance must have at least one associated child entity instance.c)Each parent entity instance can have zero or one associated child instance.d)Each parent entity instance is associated with some exact number of child entityinstances.

16e)Each parent entity instance is associated with a specified range of child entityinstances.Cardinality can also be described from the perspective of the child entity and will befurther enumerated in the sections that follow.

3.5.1.1 Identifying Relationship Semantics

If an instance of the child entity is identified by its association with the parent entity, thenthe relationship is referred to as an �identifying relationship�, and each instance of thechild entity must be associated with exactly one instance of the parent entity. Forexample, if one or more tasks are associated with each project and tasks are only uniquelyidentified within a project, then an identifying relationship would exist between theentities PROJECT and TASK. That is, the associated project must be known in order touniquely identify one task from all other tasks. (See Foreign Keys in Section 3.9.) Thechild in an identifying relationship is always existence-dependent on the parent, i.e., aninstance of the child entity can exist only if it is related to an instance of the parent entity.

3.5.1.2 Non-Identifying Relationship Semantics

If every instance of the child entity can be uniquely identified without knowing theassociated instance of the parent entity, then the relationship is referred to as a �non-identifying relationship.� For example, although an existence-dependency relationshipmay exist between the entities BUYER and PURCHASE-ORDER, purchase orders maybe uniquely identified by a purchase order number without identifying the associatedbuyer.

3.5.2 Specific Connection Relationship Syntax

A specific connection relationship is depicted as a line drawn between the parent entityand the child entity with a dot at the child end of the line. The default child cardinality iszero, one or many. A �P� (for positive) is placed beside the dot to indicate a cardinalityof one or more. A �Z� is placed beside the dot to indicate a cardinality of zero or one. Ifthe cardinality is an exact number, a positive integer number is placed beside the dot. Ifthe cardinality is a range, the range is placed beside the dot. See Figure 4. Othercardinalities (for example, more than 3, exactly 7 or 9), are recorded as notes placedbeside the dot.reference to note (n) wherecardinality is specified

(n)zero or one

Zn-mfrom n to m one or more

Pexactly n nzero, one or more

Figure 4. Relationship Cardinality Syntax

173.5.2.1 Identifying Relationship Syntax

A solid line depicts an identifying relationship between the parent and child entities. SeeFigure 5. If an identifying relationship exists, the child entity is always an identifier-dependent entity, represented by a rounded corner box, and the primary key attributes ofthe parent entity are also migrated primary key attributes of the child entity. (See ForeignKeys in Section 3.9.)** The Child Entity in an Identifying Relationship is always an Identifier-Dependent Entity.

* The Parent Entity in an Identifying Relationship may be an Identifier-Independent Entity (as shown) or an Identifier-Dependent Entity depending upon other relationships.

*Parent Entity

Entity-A

Key-Attribute-A

**Child Entity

Key-Attribute-B

Key-Attribute-A (FK)

Entity-B

Relationship Name

Identifying Relationship

Figure 5. Identifying Relationship Syntax

The parent entity in an identifying relationship will be identifier-independent unless theparent entity is also the child entity in some other identifying relationship, in which caseboth the parent and child entity would be identifier-dependent. An entity may have oneor more relationships with other entities. However, if the entity is a child entity in anyidentifying relationship, it is always shown as an identifier-dependent entity with roundedcorners, regardless of its role in the other relationships.

3.5.2.2 Non-Identifying Relationship Syntax

A dashed line depicts a non-identifying relationship between the parent and child entities.Both parent and child entities will be identifier-independent entities in a non-identifying

18relationship unless either or both are child entities in some other relationship which is anidentifying relationship.

3.5.2.3 Mandatory Non-Identifying Relationship Syntax

In a mandatory non-identifying relationship, each instance of the child entity is related toexactly one instance of the parent entity. See Figure 6.** The Child Entity in a Mandatory Non-Identifying Relationship will be an Identifier-Independent Entity unless the entity is also a Child Entity in some Identifying Relationship.

* The Parent Entity in a Mandatory Non-Identifying Relationship may be an Identifier-Independent Entity (as shown) or an Identifier-Dependent Entity depending upon other relationships.

*Parent Entity

Entity-A

**Child Entity

Key-Attribute-A

Key-Attribute-B

Key-Attribute-A (FK)

Entity-B

Relationship Name

Mandatory Non-IdentifyingRelationship

Figure 6. Mandatory Non-Identifying Relationship Syntax3.5.2.4 Optional Non-Identifying Relationship Syntax

A dashed line with a small diamond at the parent end depicts an optional non-identifyingrelationship between the parent and child entities. See Figure 7. In an optional non-identifying relationship, each instance of the child entity is related to zero or oneinstances of the parent entity.An optional non-identifying relationship represents a conditional existence dependency.An instance of the child in which each foreign key attribute for the relationship has a

19value must have an associated parent instance in which the primary key attributes of theparent are equal in value to the foreign key attributes of the child.** The Child Entity in a Optional Non-Identifying Relationship will be an Identifier-Independent Entity unless the entity is also a Child Entity in some Identifying Relationship.

* The Parent Entity in a Optional Non-Identifying Relationship may be an Identifier-Independent Entity (as shown) or an Identifier-Dependent Entity depending upon other relationships.

*Parent Entity

Entity-A

Key-Attribute-A

**Child Entity

Key-Attribute-B

Key-Attribute-A (FK)

Entity-B

Relationship Name

Optional Non-IdentifyingRelationship

Figure 7. Optional Non-Identifying Relationship Syntax3.5.3 Specific Connection Relationship Label

A relationship is given a name, expressed as a verb or verb phrase placed beside therelationship line. The name of each relationship between the same two entities must beunique, but the relationship names need not be unique within the model. The relationshipname for a specific connection relationship is usually expressed in the parent-to-childdirection, such that a sentence can be formed by combining the parent entity name,relationship name, cardinality expression, and child entity name. For example, thestatement �A project funds one or more tasks� could be derived from a relationshipshowing PROJECT as the parent entity, TASK as the child entity with a �P� cardinalitysymbol, and �funds� as the relationship name. When a relationship is named from boththe parent and child perspectives, the parent perspective is stated first, followed by thesymbol �/� and then the child perspective. Note that the relationship must still hold true

20when stated from the reverse direction if the child-to-parent relationship is not namedexplicitly. From the previous example, it is inferred that �a task is funded by exactly oneproject.� The child perspective here is represented as �is funded by�. The fullrelationship label for this example, including both parent and child perspectives, wouldbe �funds / is funded by�. The parent perspective should be stated for all specificconnection relationships.A second method may be used for naming the relationship from the child perspective.The direct object of the phrase may be used in place of the entire verb phrase. The verbphrase is completed when reading the relationship by inserting the implied term �has�. Apattern for reading a relationship described in this style is �A <child entity name> has<cardinality> <phrase object> <parent entity name>�. Using the previous example of therelationship between project and task, the direct object of the phrase is �funding� Thefull relationship label then becomes �funds / funding�. The reverse relationship is read�a task has exactly one funding project�.

3.5.4 Specific Connection Relationship Rules a)A specific connection relationship is always between exactly two entities, a parententity and a child entity.b)In an identifying relationship, and in a mandatory non-identifying relationship,each instance of a child entity must always be associated with exactly oneinstance of its parent entity.c)In an optional non-identifying relationship, each instance of a child entity mustalways be associated with zero or one instance of its parent entity.d)An instance of a parent entity may be associated with zero, one, or more instancesof the child entity depending on the specified cardinality.e)The child entity in an identifying relationship is always an identifier-dependententity.f)The child entity in a non-identifying relationship will be an identifier-independententity unless the entity is also a child entity in some identifying relationship.g)An entity may be associated with any number of other entities as either a child ora parent.h)Only non-identifying relationships may be recursive, i.e., may relate an instanceof an entity to another instance of the same entity.

3.6 Categorization Relationships

Categorization relationships are used to represent structures in which an entity is a �type�(category) of another entity.

3.6.1 Categorization Relationship Semantics

Entities are used to represent the notion of �things about which we need information.�Since some real world things are categories of other real world things, some entities must,in some sense, be categories of other entities. For example, suppose employees aresomething about which information is needed. Although there is some informationneeded about all employees, additional information may be needed about salaried

21employees which is different, from the additional information needed about hourlyemployees. Therefore, the entities SALARIED-EMPLOYEE and HOURLY-EMPLOYEE are categories of the entity EMPLOYEE. In an IDEF1X view, they arerelated to one another through categorization relationships.In another case, a category entity may be needed to express a relationship which is validfor only a specific category, or to document the relationship differences among thevarious categories of the entity. For example, a FULL-TIME-EMPLOYEE may qualifyfor a BENEFIT, while a PART-TIME-EMPLOYEE may not.A �categorization relationship� is a relationship between one entity, referred to as the�generic entity�, and another entity, referred to as a �category entity�. A �categorycluster� is a set of one or more categorization relationships. An instance of the genericentity can be associated with an instance of only one of the category entities in thecluster, and each instance of a category entity is associated with exactly one instance ofthe generic entity. Each instance of the category entity represents the same real-worldthing as its associated instance in the generic entity. From the previous example,EMPLOYEE is the generic entity and SALARIED-EMPLOYEE and HOURLY-EMPLOYEE are the category entities. There are two categorization relationships in thiscluster, one between EMPLOYEE and SALARIED-EMPLOYEE and one betweenEMPLOYEE and HOURLY-EMPLOYEE.Since an instance of the generic entity cannot be associated with an instance of more thanone of the category entities in the cluster, the category entities are mutually exclusive. Inthe example, this implies that an employee cannot be both salaried and hourly. However,an entity can be the generic entity in more than one category cluster, and the categoryentities in one cluster are not mutually exclusive with those in others. For example,EMPLOYEE could be the generic entity in a second category cluster with FEMALE-EMPLOYEE and MALE-EMPLOYEE as the category entities. An instance ofEMPLOYEE could be associated with an instance of either SALARIED-EMPLOYEE orHOURLY-EMPLOYEE and with an instance of either FEMALE-EMPLOYEE orMALE-EMPLOYEE.In a �complete category cluster�, every instance of the generic entity is associated with aninstance of a category entity, i.e., all the possible categories are present. For example,each employee is either male or female, so the second cluster is complete. In an�incomplete category cluster�, an instance of the generic entity can exist without beingassociated with an instance of any of the category entities, i.e., some categories areomitted. For example, if some employees are paid commissions rather than an hourlywage or salary, the first category cluster would be incomplete.An attribute in the generic entity, or in one of its ancestors, may be designated as thediscriminator for a specific category cluster of that entity. The value of the discriminatordetermines the category of an instance of the generic. In the previous example, thediscriminator for the cluster including the salaried and hourly categories might be namedEMPLOYEE-TYPE. If a cluster has a discriminator, it must be distinct from all otherdiscriminators.

3.6.2 Categorization Relationship Syntax

A category cluster is shown as a line extending from the generic entity to a circle which isunderlined. Separate lines extend from the underlined circle to each of the categoryentities in the cluster. Each line pair, from the generic entity to the circle and from thecircle to the category entity, represents one of the categorization relationships in thecluster. Cardinality is not specified for the category entity since it is always zero or one.

22Category entities are also always identifier-dependent. See Figure 8. The generic entityis independent unless its identifier has migrated through some other relationship.* The Generic Entity may be an Identifier-Independent Entity (as shown) or an Identifier-Dependent Entity depending upon other relationships.Discriminator

*Generic Entity

** Category Entities

** Category Entities will always be Identifier-Dependent Entities.Incomplete set of categoriesDiscriminator

*Generic Entity

Complete set of categories

Figure 8. Categorization Relationship Syntax

If the circle has a double underline, it indicates that the set of category entities iscomplete. A single line under the circle indicates an incomplete set of categories.The name of the attribute used as the discriminator (if any) is written with the circle.Although the categorization relationships themselves are not named explicitly, each

23generic entity to category entity relationship can be read as �can be.� For example, anEMPLOYEE can be a SALARIED-EMPLOYEE. If the complete set of categories isreferenced, the relationship may be read as �must be.� For example, an EMPLOYEEmust be a MALE-EMPLOYEE or a FEMALE-EMPLOYEE. The relationship is read as�is a/an� from the reverse direction. For example, an HOURLY-EMPLOYEE is anEMPLOYEE.The generic entity and each category entity must have the same primary key attributes.However, role names may be used in the category entities. (See Foreign Keys in Section3.9.)

3.6.3 Categorization Relationship Rules a)A category entity can have only one generic entity. That is, it can only be amember of the set of categories for one category cluster.b)A category entity in one categorization relationship may be a generic entity inanother categorization relationship.c)An entity may have any number of category clusters in which it is the genericentity. (For example, FEMALE-EMPLOYEE and MALE-EMPLOYEE may be asecond set of categories for the generic entity EMPLOYEE.)d)The primary key attribute(s) of a category entity must be the same as the primarykey attribute(s) of the generic entity. However, role names may be assigned in thecategory entity.e)All instances of a category entity have the same discriminator value and allinstances of different categories must have different discriminator values.f)No entity can be its own generic ancestor, that is, no entity can have itself as aparent in a categorization relationship, nor may it participate in any series ofcategorization relationships that specifies a cycle.g)No two category clusters of a generic entity may have the same discriminator.h)The discriminator (if any) of a complete category cluster must not be an optionalattribute.A category entity cannot be a child entity in an identifying connection relationship unlessthe primary key contributed by the identifying relationship is completely contained withinthe primary key of the category, while at the same time the category primary key satisfiesrule d above.

3.7 Non-Specific Relationships

Non-specific relationships are used in high-level Entity-Relationship views to representmany-to-many associations between entities.

3.7.1 Non-Specific Relationship Semantics

Both parent-child connection and categorization relationships are considered to bespecific relationships because they define precisely how instances of one entity relate toinstances of another entity. In a key-based or fully-attributed view, all associationsbetween entities must be expressed as specific relationships. However, in the initial

24development of a model, it is often helpful to identify �non-specific relationships�between entities. These non-specific relationships are refined in later developmentphases of the model. The procedure for resolving non-specific relationships is discussedin Annex A Section A3.4.1.A non-specific relationship, also referred to as a �many-to-many relationship,� is anassociation between two entities in which each instance of the first entity is associatedwith zero, one, or many instances of the second entity and each instance of the secondentity is associated with zero, one, or many instances of the first entity. For example, ifan employee can be assigned to many projects and a project can have many employeesassigned, then the connection between the entities EMPLOYEE and PROJECT can beexpressed as a non-specific relationship. This non-specific relationship can be replacedwith specific relationships later in the model development by introducing a third entity,such as PROJECT-ASSIGNMENT, which is a common child entity in specificconnection relationships with the EMPLOYEE and PROJECT entities. The newrelationships would specify that an employee has zero, one, or more project assignments.Each project assignment is for exactly one employee and exactly one project. Entitiesintroduced to resolve non-specific relationships are sometimes called �intersection� or�associative� entities.A non-specific relationship may be further defined by specifying the cardinality fromboth directions of the relationship. Any of the cardinalities listed in Figure 4 in Section3.5.2.1 may be used on either end of the relationship.

3.7.2 Non-Specific Relationship Syntax

A non-specific relationship is depicted as a line drawn between the two associated entitieswith a dot at each end of the line. See Figure 9. Cardinality may be expressed at bothends of the relationship as shown in Figure 4 in Section 3.4. A �P� (for positive) placedbeside a dot indicates that for each instance of the entity at the other end of therelationship there are one or more instances of the entity at the end with the �P.� A �Z�placed beside a dot indicates that for each instance of the entity at the other end of therelationship there are zero or one instances of the entity at the end with the �Z.� In asimilar fashion, a positive integer number or minimum and maximum positive integerrange may be placed beside a dot to specify an exact cardinality. The default cardinalityis zero, one, or more.A non-specific relationship may be named in both directions. The relationship label isexpressed as a pair of verb phrases placed beside the relationship line and separated by aslash, (�/.�) The order of the verb phrases depends on the relative position of the entities.The first expresses the relationship from either the left entity to the right entity, if theentities are arranged horizontally, or the top entity to the bottom entity, if they arearranged vertically. The second expresses the relationship from the other direction, thatis, either the right entity to the left entity or the bottom entity to the top entity, againdepending on the orientation. Top-to-bottom orientation takes precedence over left-to-right, so if the entities are arranged upper right and lower left, the first verb phrasedescribes the relationship from the perspective of the top entity. The relationship islabeled such that sentences can be formed by combining the entity names with thephrases. For example, the statements �A project has zero, one, or more employees� and�An employee is assigned zero, one, or more projects� can be derived from a non-specificrelationship labeled �has / is assigned� between the entities PROJECT and EMPLOYEE.(The sequence assumes the PROJECT appears above or to the left of the entityEMPLOYEE.)

25Relationship of D to C

Entity-C

Entity-D

Relationship Name /

Relationship Name

Relationship of C to D

Relationship of A to B

Entity-A

Entity-B

Relationship of B to A

Figure 9. Non-Specific Relationship Syntax3.7.3 Non-Specific Relationship Rules a)A non-specific relationship is always between exactly two entities.b)An instance of either entity may be associated with zero, one, or more instances ofthe other entity depending on the specified cardinality.c)In a key-based or fully-attributed view, all non-specific relationships must bereplaced by specific relationships.d)Non-specific relationships may be recursive, i.e., may relate an instance of anentity to another instance of the same entity.

3.8 Primary and Alternate Keys

Primary and alternate keys represent uniqueness constraints over the values of entityattributes.

263.8.1 Primary and Alternate Key Semantics

A �candidate key� of an entity is one or more attributes whose value uniquely identifiesevery instance of the entity. For example, the attribute PURCHASE-ORDER-IDENTIFIER may uniquely identify an instance of the entity PURCHASE-ORDER. Acombination of the attributes ACCOUNT-IDENTIFIER and CHECK-IDENTIFIER mayuniquely identify an instance of the entity CHECK.In key-based and fully-attributed views, every entity must have at least one candidatekey. In some cases, an entity may have more than one attribute or group of attributeswhich uniquely identify instances of the entity. For example, the attributes EMPLOYEE-IDENTIFIER and EMPLOYEE-SOCIAL-SECURITY-NUMBER may both uniquelyidentify an instance of the entity EMPLOYEE. If more than one candidate key exists,then one candidate key is designated as the �primary key� and the other candidate keysare designated as �alternate keys.� If only one candidate key exists, then it is, of course,the primary key.

3.8.2 Primary and Alternate Key Syntax

Attributes which define the primary key are placed at the top of the attribute list within anentity box and separated from the other attributes by a horizontal line. See previouslyreferenced Figure 3 in Section 3.4.Each alternate key is assigned a unique integer number and is shown by placing the note�AK" plus the alternate key number in parentheses, e.g., �(AK1),� to the right of each ofthe attributes in the key. See Figure 10. An individual attribute may be identified as partof more than one alternate key. A primary key attribute may also serve as part of analternate key.Alternate Key Syntax

Attribute-Name (AKn)[ (AKm). . . ]

Where n, m, etc., uniquely identify each Alternate Key that includes the associated attribute and where an Alternate Key consists of all the attributes with the same identifier.

Example

Alternate Key #1

Employee-No

Birth-Date (AK2)

Social-Security-No (AK1)

Name (AK2)

Primary Key

Alternate Key #2 orAttribute-Name (AKn[, AKm. . . ])

Figure 10. Alternate Key Syntax

273.8.3 Primary and Alternate Key Rules a)In a key-based or fully-attributed IDEF1X view, every entity must have a primarykey.b)An entity may have any number of alternate keys.c)A primary or alternate key may consist of a single attribute or combination ofattributes.d)An individual attribute may be part of more than one key, either primary oralternate.e)Attributes which form primary and alternate keys of an entity may either beowned by the entity or migrated through a relationship. (See Foreign Keys inSection 3.9.)f)Primary and alternate keys must contain only those attributes that contribute tounique identification (i.e., if any attribute were not included as part of the key thenevery instance of the entity could not be uniquely identified; referred to as theSmallest-Key Rule).g)If the primary key is composed of more than one attribute, the value of every non-key attribute must be functionally dependent upon the entire primary key, i.e., ifthe primary key is known, the value of each non-key attribute is known, and nonon-key attribute value can be determined by just part of the primary key (referredto as the Full-Functional-Dependency Rule).h)Every attribute that is not part of a primary or alternate key must be functionallydependent only upon the primary key and each of the alternate keys, i.e., no suchattribute�s value can be determined by another such attribute�s value (referred toas the No-Transitive-Dependency Rule).

3.9 Foreign Keys

Foreign keys are attributes in entities which designate instances of related entities.

3.9.1 Foreign Key Semantics

If a specific connection or categorization relationship exists between two entities, then theattributes which form the primary key of the parent or generic entity are migrated asattributes of the child or category entity. These migrated attributes are referred to as�foreign keys.� For example, if a connection relationship exists between the entityPROJECT as a parent and the entity TASK as a child, then the primary key attributes ofPROJECT would be migrated attributes of the entity TASK. For example, if the attributePROJECT-ID were the primary key of PROJECT, then PROJECT-ID would also be amigrated attribute or foreign key of TASK.A migrated attribute may be used as either a portion or total primary key, alternate key, ornon-key attribute within an entity. If all the primary key attributes of a parent entity aremigrated as part of the primary key of the child entity, then the relationship throughwhich the attributes were migrated is an �identifying relationship.� (See Section 3.5.1.1.)If any of the migrated attributes are not part of the primary key of the child entity, thenthe relationship is a �non-identifying relationship�. (See Section 3.5.1.2.) For example,

28if tasks were only uniquely numbered within a project, then the migrated attributePROJECT-ID would be combined with the owned attribute TASK-ID to define theprimary key of TASK. The entity PROJECT would have an identifying relationship withthe entity TASK. If on the other hand, the attribute TASK-ID is always unique, evenamong projects, then the migrated attribute PROJECT-ID would be a non-key attribute ofthe entity TASK. In this case, the entity PROJECT would have a non-identifyingrelationship with the entity TASK. When only a portion of a migrated primary keybecomes part of the primary key of the child entity, with the remainder becoming non-key attribute(s) of the child, the contributed foreign key is called a �split key�. If a key is�split�, the relationship is non-identifying.In a categorization relationship, both the generic entity and the category entities representthe same real-world thing. Therefore, the primary key for all category entities is migratedthrough the categorization relationship from the primary key of the generic entity. Forexample, if SALARIED-EMPLOYEE and HOURLY-EMPLOYEE are category entitiesand EMPLOYEE is the generic entity, then if the attribute EMPLOYEE-IDENTIFIER isthe primary key for the entity EMPLOYEE, it would also be the primary key for theentities SALARIED-EMPLOYEE and HOURLY-EMPLOYEE.In some cases, a child entity may have multiple relationships to the same parent entity.The primary key of the parent entity would appear as migrated attributes in the childentity for each relationship. For a given instance of the child entity, the value of themigrated attributes may be different for each relationship, i.e., two different instances ofthe parent entity may be referenced. A bill of material structure, for example, can berepresented by two entities PART and PART-ASSEMBLY-STRUCTURE. The entityPART has a dual relationship as a parent entity to the entity PART-ASSEMBLY-STRUCTURE. The same part sometimes acts as a component from which assemblies aremade, i.e., a part may be a component in one or more assemblies, and sometimes acts asan assembly into which components are assembled, i.e., a part may be an assembly forone or more component parts. If the primary key for the entity PART is PART-IDENT,then PART-IDENT would appear twice in the entity PART-ASSEMBLY-STRUCTUREas a migrated attribute. However, since an attribute may appear only once in any entity,the two occurrences of PART-IDENT in PART-ASSEMBLY-STRUCTURE are mergedunless a role name is assigned for one or both.

3.9.1.1 Role Name Semantics

When an attribute migrates into an entity through more than one relationship, a �rolename� may need to be assigned to each occurrence to distinguish among them. If aninstance of the entity can have one value for one occurrence, and another value foranother, then each occurrence must be given a different role name. On the other hand, ifeach instance of the entity must have the same value for two or more occurrences, theymust each have the same name. From the previous example, role names ofCOMPONENT-PART-IDENT and ASSEMBLY-PART-IDENT should be assigned todistinguish between the two migrated PART-IDENT attribute occurrences. Although notrequired, a role name may also be used with a single occurrence of a migrated attribute tomore precisely convey its meaning within the context of the child entity.

3.9.2 Foreign Key Syntax

A foreign key is shown by placing the names of the migrated attributes inside the entitybox and by following each with the letters �FK� in parentheses, i.e., �(FK).� See Figure11. If all migrated attributes belong to the primary key of the child entity, each is placedabove the horizontal line and the entity is drawn with rounded corners to indicate that theidentifier (primary key) of the entity is dependent upon an attribute migrated through a

29relationship. If any migrated attribute does not belong to the primary key of the childentity, the attribute is placed below the line, and the entity shape may be rounded orsquare-cornered depending on the presence or absence of identifying relationships to thisentity. Migrated attributes may also be part of an alternate key.Migrated Non-key Attribute Example

Migrated Primary Key Attribute Example

Employee

Employee-No

Dept-No (FK)

Foreign Key

Purchase-Order-Item

Purchase-Order-No (FK)

Item-No

Figure 11. Foreign Key Syntax3.9.2.1 Role Name Syntax

Role names, like domain (attribute) names, are noun phrases. A role name is followed bythe name of the migrated attribute, separated by a period. See Figure 12.

30Role Name Syntax

Role-name.Attribute-name (FK)

Example is component in

Role name

PartPart-No

Assembly-Structure

Comp-No.Part-No (FK)

Assy-No.Part-No (FK)

is assembled from

Migrated attribute name

Figure 12. Role Name Syntax3.9.3 Foreign Key Rules a)Every entity must contain a set of foreign key attributes for each specificconnection or categorization relationship in which it is the child or categoryentity. A given attribute can be a member of multiple such sets. Further, thenumber of attributes in the set of foreign key attributes must be the same as thenumber of attributes of the primary key of the parent or generic entity.b)The primary key of a generic entity must be migrated as the primary key for eachcategory entity.c)A child entity must not contain two entire foreign keys that identify the sameinstance of the same ancestor (parent or generic entity) for every instance of thechild unless these foreign keys are contributed via separate relationship pathscontaining one or more intervening entities between the ancestor and the child.d)Every migrated attribute of a child or category entity must represent an attribute inthe primary key of a related parent or generic entity. Conversely, every primarykey attribute of a parent or generic entity must be a migrated attribute in a relatedchild or category entity.

31e)Each role name assigned to a migrated attribute must be unique and the samemeaning must always apply to the same name. Furthermore, the same meaningcannot apply to different names unless the names are aliases.f)A migrated attribute may be part of more than one foreign key provided that theattribute always has the same value for these foreign keys in any given instance ofthe entity. A role name may be assigned for this migrated attribute.g)Every foreign key attribute must reference one and only one of the primary keyattributes of the parent. An attribute A references another attribute B if A=B or Ais a direct or indirect sub-type of B. An attribute A is considered a sub-type of Bif A is an alias for C and C is a sub-type of B, or A is a sub-type of C and C is analias for B.

3.10 View Levels

There are three conceptual schema levels of IDEF1X modeling; entity-relationship (ER),key-based (KB), and fully-attributed (FA). They differ in the syntax and semantics thateach allows. The primary differences are:a)ER views specify no keys.b)KB views specify keys and some non-key attributes.c)FA views specify keys and all non-key attributes.The conceptual schema level IDEF1X views provide the structural information needed todesign efficient databases for a physical system. The IDEF1X graphic syntax is ofteninformally used to describe the physical database structure. This can be very useful in re-engineering current systems, and provides a method for deriving an integrated datadefinition from existing data resources (see Section 1.2 - Purpose).

3.10.1 View Level Semantics

Entity-relationship views must contain entities and relationships, may contain attributes,and must not contain any primary, alternate, or foreign keys. Since ER views do notspecify any keys, their entities need not be distinguished as being identifier-dependent oridentifier-independent, and their connection relationships need not be distinguished asbeing identifying or non-identifying. ER views may contain categorization relationships,but discriminator attributes are optional. ER views may also contain non-specificrelationships.Key-based views must contain entities, relationships, primary keys, and foreign keys.The entities must be distinguished as either identifier-dependent or identifier-independent, and the connection relationships must be distinguished as either identifyingor non-identifying. The parent cardinality for each non-identifying relationship must bedesignated as either mandatory or optional. Each category cluster must have adiscriminator attribute. Non-specific relationships are prohibited. Each entity mustcontain a primary key and, if it has additional uniqueness constraints, an alternate key foreach constraint. Each entity must contain a foreign key for every connection orcategorization relationship in which it is the child or category entity. KB views may alsocontain non-key attributes.

32Fully-attributed views have the same requirements as key-based views. In addition, theymust contain all non-key attributes that are relevant to the subject of the view.

3.10.2 View Level Syntax

In entity-relationship views, connection relationships are shown as solid or dashed lines.Identification dependency is, however, left unspecified. The entity boxes do not includethe horizontal lines that normally separate the primary keys from the non-key attributes.If no discriminator attribute has been identified for a category cluster, then no nameappears with the circle.In key-based and fully-attributed views, entity boxes have square or rounded corners,depending on whether they are identifier-independent or identifier-dependent, andconnection relationships are drawn as solid or dashed lines, depending on whether theyare identifying or non-identifying. Each entity box has a horizontal line to separate itsprimary key from its non-key attributes. The name of the discriminator attribute (if any)is placed with the circle for each category discriminator.

3.10.3 View Level Rules

Some of the rules described in previous sections do not apply to all levels of views. Thefollowing exceptions are made for ER-level views.a)An entity need not have any attributes specified.b)Entities do not have primary or alternate keys specified.c)No entity has any migrated attributes (i.e., entities do not have foreign keys).d)Entities are not required to be distinguished as identifier-independent or identifier-dependent. Category entities are considered to be dependent entities.e)Parent cardinality (one, or zero or one) is unspecified in connection relationships.f)Relationships are not required to be distinguished as identifying or non-identifying.The following table provides a summary of the levels of IDEF1X viewsFeature \ View TypeER LevelKB LevelFA Level

Entitiesyesyesyes

Specific Relationships yesyesyes

Non-specific Relationshipsyesnono

Relations Categorizationhipsyesyesyes

Primary Keysnoyesyes

Alternate Keysnoyesyes

Foreign Keysnoyesyes

Non-key Attributesyes (note 1)yesyes

Notesyesyesyes

Note 1: Attributes are not distinguished as key or non-key, and are allowed but notrequired in ER-level views. Optionality is not specified.

Table 1. View Levels and Content

333.11 View Presentation

The syntactical definitions of the IDEF1X language characterize the full set of IDEF1Xconstructs and their use. This does not however, preclude �hiding� or optionally omittingcertain constructs in order to allow an alternate presentation of an IDEF1X view. Manytimes this is done to �hide� detail not needed for a certain discussion, or to abstract aview to permit a broader view. Examples of some of the possible constructs which couldbe �hidden� might be:Entity NumbersAttributesKeysMigrated KeysRole NamesRelationship NamesCardinality SpecificationsCategory DiscriminatorsAlternate Key SuffixesNote IdentifiersThis alternate form of presentation differs from a �For Exposition Only� (FEO) view, inthat all applicable syntactical and semantic rules must still be enforced. An example ofan alternate presentation might be presenting a fully attributed view, but showing only theentities and their relationships, to allow the view to be reviewed from an ER perspective.

3.12 Glossary

Each IDEF1X model must be accompanied by definitions of all views, entities, anddomains (attributes). Definitions are held in a glossary common to all models within thecontext of the stated purpose and scope.For each view, entity, and domain (attribute), the glossary contains the followingelements:NameThe name is the unique name, defined in accordance with IDEF1X lexicalconventions. The name must be meaningful, and should be descriptive in nature.Abbreviations and acronyms are permitted.DescriptionThis is a single declarative description of the common understanding of the entityor domain (attribute), or a textual description of the content of the view. Forentities and domains (attributes), the description must apply to all uses of theassociated entity or domain (attribute) name. For a typed domain, a reference tothe superclass must be included.AliasesThis is a list of other names by which an entity or domain (attribute) might beknown. The description associated with the entity or domain (attribute) mustapply exactly and precisely to each of the aliases in the list. Modified names tosupport computer automation may be listed as aliases. Aliases are not allowedfor view.

34Additional InformationOptionally, additional information regarding the view, entity, or domain(attribute) may be provided, such as the name of the author, date of creation, dateof last modification, etc.. For a view, this information might also include level(ER, key-based, fully-attributed, etc.), completion or review status, and so on. Fora domain (attribute), this information might include the data type, domain rule, orsuperclass specification.

3.13 Model Notes

Notes of a general nature, and notes that document specific constraints are an integral partof the model. These notes may accompany the view graphics.Notes that are general in nature are represented in the view graphics by the symbol �(n)�placed adjacent to the impacted object (entity, relationship, attribute, or view name). The�n� in �(n)� is the number of the note in which the text of the note is documented.Notes that document specific constraints are also represented in the view graphics by thesymbol �(n)� placed adjacent to the impacted object (entity, relationship, or attribute).The �n� in �(n)� is the number of the note in which the text of the constraint isdocumented.Several types of assertions or constraints may be documented. Path assertions are onesuch type. A path assertion involves two or more paths between an entity and one of itsancestors. Each path is a specific connection or categorization relationship or a series ofsuch relationships in which the child in one is the parent in the next. For example, if aDEPARTMENT entity has two child entities, PROJECT and EMPLOYEE, and they havea common child called PROJECT-ASSIGNMENT, then there are two paths betweenDEPARTMENT and PROJECT-ASSIGNMENT, one through PROJECT and onethrough EMPLOYEE. A path assertion describes a restriction on the instances of theancestor entity (e.g., DEPARTMENT) that each instance of the descendent entity (e.g.,PROJECT-ASSIGNMENT) can be related to. A path assertion can state that either adescendent instance must be related to the same ancestor instance through each path, orthat it must be related to a different ancestor instance through each path. In the exampleabove, a path assertion might state that �employees can only be assigned to projects thatbelong to the department for which they work�, i.e., a PROJECT-ASSIGNMENTinstance must be related to the same DEPARTMENT instance through both paths. Onthe other hand, the path assertion could say �employees cannot be assigned to projectsthat belong to the department for which they work�, i.e., a PROJECT-ASSIGNMENTinstance must be related to a different DEPARTMENT instance through each path. Thethird possibility is that �employees can be assigned to projects that belong to anydepartment.� Since there is no restriction in this situation, no path assertion is needed.If none of the paths include a non-identifying relationship, then the primary key of theancestor entity will migrate all the way to the descendent entity along all paths, resultingin multiple occurrences of the migrated attribute in the descendent. In this case, rolenames may be needed in conjunction with the path assertion. There are four possiblesituations.a)The ancestor instances are always the same. This means a descendent instancemust be related to the same ancestor instance through all paths. In this situation,either assign no role names, or assign the same role name to all occurrences of themigrated attribute in the descendent entity. Giving the same role name to all

35occurrences is sufficient to model the path assertion, so a constraint note is notneeded.b)The ancestor instances are always different. This means a descendent instancemust be related to a different ancestor instance through each path. In thissituation, assign a different role name to each occurrence of the migrated attributein the descendent, and add a path assertion stating that the values must bedifferent.c)All of the ancestor instances may be the same, or may be different. In thissituation, assign a different role name to each occurrence of the migrated attributein the descendent, but do not add path assertions. Path assertions are not neededin this case because giving the occurrences different role names allows, but doesnot require, their values to be different.d)Some of the ancestor instances may be the same, or may be different, and othersmust be the same, or must be different. In this case, state multiple path assertions,one for each of the situations described above in a), b), and c).Assertions that cannot be made using role names are stated in notes. Another type ofassertion might specify a boolean constraint between two or more relationships. Forexample, an �exclusive OR� constraint states that for a given parent entity instance if onetype of child entity instance exists, then a second type of child entity instance will notexist. However, if both the parent and child entities refer to the same real world thing,then a potential categorization relationship exists. (See Section 3.6). Boolean constraintassertions not involving a categorization relationship are recorded as notes thataccompany the diagram.Value assertions are used to specify cases in which attributes of an entity may be null.(See Section 3.4.3 - Attribute Rules.)

3.13.1 Model Note Rules a)Note numbers are unique within a view.b)The same text must apply to the same note number if that note number is usedmultiple times in a view.

3.14 Lexical Conventions

This section provides rules for constructing names and phrases for IDEF1X views

3.14.1 View, Entity, and Domain (Attribute) Names

The following lexical conventions apply to view, entity, and domain (attribute) names.a)Only upper case and lower case alphanumeric characters, dashes (�-�),underscores (�_�), and spaces (� �) are allowed.b)Names and labels are case insensitive, i.e., �A� = �a�. In addition, the separatorsymbols, space (� �), dash (�-�), and underscore (�_�) are considered equivalent.c)Names must begin with a letter.d)Terms in a name are separated by a dash, underscore, or space.

36e)A name must not exceed 120 characters in length.The following examples of an entity name represent the same entity:Purchase-Order_LinePurchase_Order_LINEpurchase order lineThe following examples of a domain (attribute) name represent the same domain:Purchase-Order-Item-QUANTITYpurchase_order_item_quantityPURCHASE ORDER ITEM QUANTITYThe following examples of a view name represent the same view:PURCHASING-PROCESSPurchasing_Processpurchasing process

3.14.2 Entity Labels

An entity label may contain both a name and identifier. In this case, the following lexicalconventions apply.a)The identifier is a positive integer.b)A slash (�/�) is used to separate the name from the identifier.c)The identifier is placed after the name.An example of an entity label with both a name and identifier is:Purchase-Order-Item/12

3.14.3 Role Name Attribute Labels

The role name attribute label contains the role name and the name of the originalattribute. The following lexical conventions apply to the role name label.a)The two attribute names are separated by a period (�.�).b)Spaces are not allowed immediately preceding or immediately following theperiod.c)The role name precedes the period.d)The original name of the attribute follows the period.e)When an attribute with a role name is migrated into another entity, only the rolename is displayed in the child entity.

37An example of a role name attribute label is:Component-Part-Identifier.Part-Identifier

3.14.4 Relationship Names and Labels

The following lexical conventions apply to a relationship name.a)Upper case and lower case alphanumeric characters are allowed.b)Characters other than alphanumeric characters are not allowed.c)Terms in a relationship name are separated by a single blank space.d)A name must not exceed 120 characters in length.e)The two direction relationship names are separated by a slash (�/�).f)The relationship label is placed with the relationship line..An example of a name for a relationship between entities Purchase-Order and Purchase-Order-Item is:Authorizes the purchase ofAn example of a two direction relationship label between an entity Employee and anentity Job is:Performs / Is assigned to

3.14.5 Model Notes

Notes must comply with the following lexical conventions.a)The note number is a positive integer.b)The note number is enclosed within parentheses.c)When multiple notes apply to the same term, one of two alternatives presentationsmust be used. Either each note number must be enclosed within parentheses, i.e.,(1) (2) ... (n), or all note numbers must be enclosed within a single set ofparentheses, i.e., (1,2, ... ,n).d)The number within the parentheses applies to a single note.e)Spaces are used to separate the note text from the note number.f)Note text may include any character symbol.g)The note number is placed after the label of the item to which it applies.h)A note number which applies to the first relationship in a two directionrelationship label is placed before the slash.

38i)A note number placed after a two direction relationship label applies to therelationship after the slash.An example of a two direction relationship label with note numbers is:Performs (5) / Is assigned to (6)

3.14.6 Displaying Labels on More Than One Line

When length constraints require a label to be shown on multiple lines, it must be clearwhich are continuation lines and which are new labels. Annotation symbols (e.g., notenumbers, foreign or alternate key suffixes) are included on the last line of the label.Examples for an entity label are:Purchase-Order-Item/12Purchase-Order-Item/12 (16)Examples for an attribute name and an attribute with a role name are:Purchase-Order-Item- Unit-Price-Amount (5)Component-Part-Identifier. Part-Identifier (FK)Examples for a relationship label are:Performs /Is assigned toPerforms / Isassigned to (5)

394. Bibliography

[B1] Brown, R. G.,

Logical Database Design Techniques, The Database Design Group, Inc.,Mountain View, California, 1982.[B2] Brown, R. G. and Parker, D. S. "LAURA, A Data Model and Her Logical DesignMethodology,"

Proc. 9th VLDB Conf., Florence, Italy, 1983.[B3] Bruce, T. A.,

Designing Quality Databases with IDEF1X Information Models, DorsetHouse, 1992.[B4] Chen, P. P.,

The Entity-Relationship Model -

- Toward a Unified View of Data, ACMTrans. on Database Systems, Vol. 1, No. 1, March 1976, pp. 9-36.[B5] Codd, E. F., "A Relational Model of Data for Large Shared Data Banks,"

Communications ACM, Vol. 13, No. 6, June 1970, pp. 377-387.[B6] Codd, E. F., "Extending the Database Relational Model to Capture More Meaning

,"ACM Trans. on Database Systems, Vol. 4, No. 4, December 1979, pp. 397-434.[B7] General Electric Company, "Integrated Information Support System (IISS), Vol V,-Commond Data Model Subsystem, Part IV-Information Modeling Manual-IDEF1 Extended",AFWAL-TR-86-4006, Materials Laboratory, Air Force Wright Aeronautical Laboratories,Air Force Systems Command, Wright-Patterson Air Force Base, Ohio 45433, November1985.[B8] Hammer, M. and McLeod, D., "The Semantic Data Model: a Modeling Mechanism forData Base Applications,"

Proc. ACM SIGMOD Int�l. Conf. on Management of Data, Austin,Texas, May 31 - June 2, 1978, pp. 26-36.[B9] Hogger, C. J.,

Introduction to Logic Programming, Acedemic Press, 1984.[B10] "Information Processing Systems - Concepts and Terminology for the ConceptualSchema and the Information Base,"

ISO Technical Report 9007, 1987.[B11] Loomis, M.E.S.,

The Database Book, Macmillan, 1987.[B12] Manna, Z. and Waldinger, R.,

The Logical Basis for Computer Programming, Volume1, Addison-Wesley, 1985.[B13] Shipman, D. W., "The Functional Data Model and the Data Language DAPLEX,"

ACM Trans. on Database Systems, Vol. 6, No.1, March 1981, pp. 140-173.[B14] Smith, J. M. and Smith, D. C. P. "Database Abstractions: Aggregation,"

Communications ACM, Vol. 20, No. 6, June 1977, pp. 405-413.[B15] Smith, J. M. and Smith, D. C. P. "Database Abstractions: Aggregation andGeneralization,"

ACM Trans. on Database Systems, Vol. 2, No. 2, June 1977, pp. 105-133.[B16] SofTech, "ICAM Architecture Part II - Volume V - Information Modeling Manual(IDEF1)," AFWAL-TR-81-4023, Materials Laboratory, Air Force Wright AeronauticalLaboratories, Air Force Systems Command, Wright-Patterson Air Force Base, Ohio 45433,June 1981.

40Annex A. Concepts and Procedures from the OriginalICAM Work

This informative annex is divided into four sections. Section A1 provides definitions ofterms used in this informative section. Section A2 discusses the importance of datamodeling. Section A3 provides an example of a process for developing an IDEF1X datamodel. Section A4 provides a discussion of a set of documentation and model validationprocedures that might be used when developing a data model in accordance with theprocess listed in A3.

A1. DefinitionsA1.1 Acceptance Review Committee:

A committee of informed experts in the areacovered by the modeling effort which provides guidance, arbitration and passes finaljudgment over the validity of the representation depicted in the completed product (i.e.model acceptance).

A1.2 Attribute Population:

That effort by which �ownership� of an attribute isdetermined.

A1.3 Author Conventions:

The special practices and standards developed by themodeler to enhance the presentation or utilization of the IDEF model. Authorconventions are not allowed to violate any method rules.

A1.4 Data Collection Plan:

The plan which identifies the functions, departments,personnel, etc. which are the sources of the material used for the development of theIDEF model.

A1.5 Entity Diagram:

A diagram which depicts a �subject� entity and all entitiesdirectly related to the �subject� entity.

A1.6 Expert Reviewer:

One of the members of the modeling team whose expertise isfocused on some particular activity within the enterprise, and whose responsibility it is toprovide critical comments on the evolving IDEF model.

A1.7 FEO (For Explanation Only):

A piece of documentation (e.g. diagrams, text, etc.)which provides supportive or explanatory information for the IDEF model. Violation ofsyntax rules are allowed in an FEO.

A1.8 Function View:

A view diagram constructed to display the data structure related tothe functional aspects of the enterprise being modeled. Function views enhancecomprehension of a large complex model by displaying only the information associatedwith a specific topic or perspective.

A1.9 IDEF Kit Cycle:

The regular interchange of portions of an IDEF model indevelopment between the modeler and readers and expert reviewers. The purpose of thekit cycle is the isolation and detection of errors, omissions, and misrepresentations.

A1.10 IDEF Model:

Any model produced using an Integration Definition modelingmethod (e.g IDEF0, IDEF1X).

A1.11 Modeler:

One of the members of the modeling team whose responsibilitiesinclude the data collection, education and training, model recording, and model control

41during the development of the IDEF model. The modeler is the expert on the IDEFmodeling method.

A1.12 Phase Zero:

The initial efforts of the modeling activity in which the contextdefinition is established i.e., project definition, data collection plan, author conventions,standards, etc.

A1.13 Phase One:

The second step in an orderly progression of modeling efforts, duringwhich data is collected and the entities are identified and defined.

A1.14 Phase Two:

The third step in an orderly progression of modeling efforts, duringwhich the relationships between entities are identified and defined.

A1.15 Phase Three:

The fourth step in an orderly progression of modeling efforts,during which non-specific relationships are resolved and primary keys are identified anddefined.

A1.16 Phase Four:

The fifth step in an orderly progression of modeling efforts, duringwhich the non-key attributes are identified and defined and the model is completed.

A1.17 Project Manager:

One of the members of a modeling team whose responsibilitiesinclude the administrative control over the modeling effort. The duties include: staff theteam, set the scope and objectives, chair the Acceptance Review Committee, etc. Themember of the project team who has final responsibility for the finished project.

A1.18 Source(s):

One of the members of the modeling team whose responsibility it is toprovide the documents, forms, procedures, knowledge, etc. on which the development ofthe IDEF model is based.

A1.19 Validation:

The process of checking data for correctness or compliance withapplicable standards, rules, and policies.

42A2. Data Modeling ConceptsA2.1 Managing Data as a Resource

Over the past decade, there has been a growing awareness among major corporations forthe need to manage data as a resource. Perhaps one of the drivers to manage data as aresource is the requirement for flexibility in order to compete in a very dynamic businessenvironment. Many companies must continually realign their organizations andprocedures to adjust for advancements in technology and shifts in the marketplaces. Inorder to realign quickly and smoothly, companies must recognize and manage theinfrastructure of the business which includes understanding the data and associatedknowledge required to run the business.Many companies have formed special groups, such as Data Administration orInformation Resource Management, in order to tackle the problem of managing data.The difficulty of their jobs, however, is compounded by the rapid and diverse growth ofdata. Furthermore, an ICAM study showed that the data that already exists is generallyinconsistent, untimely, inflexible, inaccessible, and unaligned with current businessneeds.In order to manage data, we must understand its basic characteristics. Data can bethought of as a symbolic representation of facts with meanings. A single meaning can beapplied to many different facts. For example, the meaning �zip code� could be applied tonumerous five digit numbers. A fact without a meaning is of no value and a fact with thewrong meaning can be disastrous. Therefore, the focus of data management must be onthe meaning associated with data.�Information� can be defined as an aggregation of data for a specific purpose or within aspecific context. See Figure A2.1. This implies that many different types of informationcan be created from the same data. Statistically, 400 pieces of data could be combined 10to the 869 power different ways to create various forms of information. Thus, thestrategy to manage the information resource must focus on managing the meaningsapplied to facts, rather than attempting to control or limit the creation of information.

Facts

Meanings

DataInformation

Figure A2.1. Components of Information

43A2.2 The Three Schema Concept

Over the years, the skill and interest in building information systems has growntremendously. However, for the most part, the traditional approach to building systemshas only focused on defining data from two distinct views, the user view and thecomputer view. From the user view, which will be referred to as the �external schema,�the definition of data is in the context of reports and screens designed to aid individuals indoing their specific jobs. The required structure of data from a usage view changes withthe business environment and the individual preferences of the user. From the computerview, which will be referred to as the �internal schema,� data is defined in terms of filestructures for storage and retrieval. The required structure of data for computer storagedepends upon the specific computer technology employed and the need for efficientprocessing of data.These two views of data have been defined by analysts over the years on an applicationby application basis as specific business needs were addressed. See Figure A2.2.Typically, the internal schema defined for an initial application cannot be readily used forsubsequent applications, resulting in the creation of redundant and often inconsistentdefinition of the same data. Data was defined by the layout of physical records andprocessed sequentially in early information systems. The need for flexibility, however,led to the introduction of Database Management Systems (DBMSs), which allow forrandom access of logically connected pieces of data. The logical data structures within aDBMS are typically defined as either hierarchies, networks or relations. AlthoughDBMSs have greatly improved the shareability of data, the use of a DBMS alone doesnot guarantee a consistent definition of data. Furthermore, most large companies havehad to develop multiple databases which are often under the control of different DBMSsand still have the problems of redundancy and inconsistency.External Schema

- User View -

Internal Schema

- Computer View -

Figure A2.2. Traditional View of Data

The recognition of this problem led the ANSI/X3/SPARC Study Group on DatabaseManagement Systems to conclude that in an ideal data management environment a thirdview of data is needed. This view, referred to as a �conceptual schema� is a singleintegrated definition of the data within an enterprise which is unbiased toward any single

44application of data and is independent of how the data is physically stored or accessed.See Figure A2.3. The primary objective of this conceptual schema is to provide aconsistent definition of the meanings and interrelationship of data which can be used tointegrate, share, and manage the integrity of data.Conceptual Schema

- Neutral View -

External

Schema

Internal

Figure A2.3. Three-Schema Approach

A conceptual schema must have three important characteristics:a)It must be consistent with the infrastructure of the business and be true across allapplication areas.b)It must be extendible, such that, new data can be defined without alteringpreviously defined data.c)It must be transformable to both the required user views and to a variety of datastorage and access structures.

45A2.3 Objectives of Data Modeling

The logical data structure of a DBMS, whether hierarchical, network, or relational, cannottotally satisfy the requirements for a conceptual definition of data because it is limited inscope and biased toward the implementation strategy employed by the DBMS.Therefore, the need to define data from a conceptual view has led to the development ofsemantic data modeling techniques. That is, techniques to define the meaning of datawithin the context of its interrelationships with other data. As illustrated in Figure A2.4,the real world, in terms of resources, ideas, events, etc., are symbolically defined withinphysical data stores. A semantic data model is an abstraction which defines how thestored symbols relate to the real world. Thus, the model must be a true representation ofthe real world.A semantic data model can be used to serve many purposes. Some key objectivesinclude:a)Planning of Data ResourcesA preliminary data model can be used to provide an overall view of the datarequired to run an enterprise. The model can then be analyzed to identify andscope projects to build shared data resources.b)Building of Shareable DatabasesA fully developed model can be used to define an application independent view ofdata which can be validated by users and then transformed into a physicaldatabase design for any of the various DBMS technologies. In addition togenerating databases which are consistent and shareable, development costs canbe drastically reduced through data modeling.c)Evaluation of Vendor SoftwareSince a data model actually represents the infrastructure of an organization,vendor software can be evaluated against a company�s data model in order toidentify possible inconsistencies between the infrastructure implied by thesoftware and the way the company actually does business.d)Integration of Existing DatabasesBy defining the contents of existing databases with semantic data models, anintegrated data definition can be derived. With the proper technology, theresulting conceptual schema can be used to control transaction processing in adistributed database environment. The U. S. Air Force Integrated InformationSupport System (I2S2) is an experimental development and demonstration of thistype of technology applied to a heterogeneous DBMS environment.

46Real World

Physical Data Stores

Semantic

Model

Figure A2.4. Semantic Data ModelsA2.4 The IDEF1X Approach

IDEF1X is the semantic data modeling technique described by this document. TheIDEF1X technique was developed to meet the following requirements:a)Support the development of conceptual schemas.The IDEF1X syntax supports the semantic constructs necessary in thedevelopment of a conceptual schema. A fully developed IDEF1X model has thedesired characteristics of being consistent, extensible, and transformable.b)Be a coherent language.IDEF1X has a simple, clean consistent structure with distinct semantic concepts.The syntax and semantics of IDEF1X are relatively easy for users to grasp, yetpowerful and robust.c)Be teachable.Semantic data modeling is a new concept for many IDEF1X users. Therefore, theteachability of the language was an important consideration. The language isdesigned to be taught to and used by business professionals and system analysts aswell as data administrators and database designers. Thus, it can serve as aneffective communication tool across interdisciplinary teams.d)Be well-tested and proven.IDEF1X is based on years of experience with predecessor techniques and hasbeen thoroughly tested both in Air Force development projects and in privateindustry.e)Be automatable.IDEF1X diagrams can be generated by a variety of graphics packages. Inaddition, an active three-schema dictionary has been developed by the Air Force

47which uses the resulting conceptual schema for application development andtransaction processing in a distributed heterogeneous environment. Commercialsoftware is also available which supports the refinement, analysis, andconfiguration management of IDEF1X models.The basic constructs of an IDEF1X model are:a)Things about which data is kept, e.g., people, places, ideas, events, etc.,represented by a box;b)Relationships between those things, represented by lines connecting the boxes;andc)Characteristics of those things, represented by attribute names within the box.The basic constructs are shown in Figure A2.5, and expanded upon in the normativesection of this document.Concept

Construct

"Things"

Relationships Between

Those "Things"

Characteristics of

Figure A2.5. Basic Modeling Concepts

48A3. Modeling GuidelinesA3.1 Phase Zero � Project Initiation

The IDEF1X data model must be described and defined in terms of both its limitationsand its ambitions. The modeler is one of the primary influences in the development ofthe scope of the model. Together, the modeler and the project manager unfold the planfor reaching the objectives of Phase Zero. These objectives include:a)Project definition � a general statement of what has to be done, why, and how itwill get done.b)Source material � a plan for the acquisition of source material, includingindexing and filing.c)Author conventions � a fundamental declaration of the conventions (optionalmethods) by which the author chooses to make and manage the model.The products of these objectives, coupled with other descriptive and explanatoryinformation, become the products of the Phase Zero effort.

A3.1.1 Establish Modeling Objectives

The modeling objective is comprised of two statements:a)Statement of purpose � a statement defining concerns of the model, i.e., itscontextual limits.b)Statement of scope � a statement expressing the functional boundaries of themodel.One of the primary concerns, which will be answered as a result of the establishment ofthe modeling objective, is the concern over the time-frame reference for the model. Willit be a model of the current activities (i.e., an AS-IS model) or will it be a model of whatis intended after future changes are made (i.e., a TO-BE model)? Formal description of aproblem domain for an IDEF1X modeling project may include the review, construction,modification, and/or elaboration of one or more IDEF0 (activity) models. For thisreason, both the modeler and the project manager must be versed to some degree in theauthorship and use of IDEF0 models. Typically, an IDEF0 model already exists, whichcan serve as a basis for the problem domain.Although the intent behind data modeling is to establish an unbiased view of theunderlying data infrastructure which supports the entire enterprise, it is important for eachmodel to have an established scope which helps identify the specific data of interest.This scope may be related to a type of user (e.g. a buyer or design engineer) a businessfunction (e.g. engineering drawing release or shop order scheduling) or a type of data(e.g. geometric product definition data or financial data). The statement of scopetogether with the statement of purpose defines the modeling objective. The following isan example of a modeling objective:�The purpose of this model is to define the current (AS-IS) data used by a manufacturingcell supervisor to manufacture and test composite aircraft parts.�

49Although the scope may be limited to a single type of user, other users must be involvedin the modeling process to ensure development of an unbiased view.

A3.1.2 Develop Modeling Plan

The modeling plan outlines the tasks to be accomplished and the sequence in which theyshould be accomplished. These are laid out in conformance with the overall tasks of themodeling effort:a)Project planningb)Data collectionc)Entity definitiond)Relationship definitione)Key attribute definitionf)Nonkey attribute populationg)Model validationh)Acceptance reviewThe modeling plan serves as a basis to assign tasks, schedule milestones, and estimatecost for the modeling effort.

A3.1.3 Organize Team

The value of a model is measured not against some absolute norm, but in terms of itsacceptability to experts and laymen within the community for which it is built. This isaccomplished through two mechanisms. First, a constant review by experts of theevolving model provides a measure of validity of that model within the particularenvironment of those experts. Second, a periodic review of the model by a committee ofexperts and laymen provides for a �corporate� consensus to the model. During themodeling process, it is not uncommon to discover inconsistencies in the way variousdepartments do business. These inconsistencies must be resolved in order to producedata models that represent the enterprise in an acceptable and integrated fashion.To the extent possible, the builders of a model should be held responsible for what themodel says. Nothing is assumed to have been left to the model reader�s imagination. Noris the reader at liberty to draw conclusions outside the scope of the statement of themodel. This forces a modeler to carefully consider each piece of data added to themodel, so that no imagination is required in the interpretation of the model.The team organization is constructed to support these basic principles and to providerequired project controls. The IDEF1X team organization has five primary roles:a)Project managerb)Modelerc)Sources of information

50d)Subject matter expertse)Acceptance review committeeThe purpose of a role assignment, irrespective of the assignee, is the determination ofresponsibility. Each of these roles is defined on the pages that follow.One person may serve in more than one capacity on the team, but it is wise to rememberthat if there are insufficient points of view taken into account when building the model,the model may represent a very narrow perspective. It may end up only partially servingto reach the objectives of the modeling project.In the cases of the project manager and the modeler, there must be a lead, or principal,individual who fulfills the role. Although it is the modeler�s ultimate goal to have themodel approved by the review committee, the modeler reports to the project manager, notthe review committee. In this way the otherwise conflicting interests of the modeler,review committee, and project manager are disentangled. The project manager is alwaysplaced in a position of control, but the various technical discussions and approvals areautomatically delegated to the qualified participants. Figure A3.1 illustrates thefunctional project organization, with the project manager at the nucleus of all projectactivity.

Expert

Source

ProjectManager

Modeler

AcceptanceReviewCommittee

Figure A3.1. Team Organization

51Project Manager RoleThe project manager is the person identified as having administrative control over themodeling project. The project manager performs four essential functions in the modelingeffort.First of all, the project manager selects the modeler. As a major part of this function, theproject manager and the modeler must reach an agreement on the ground rules to befollowed in the modeling effort. These include the use of this methodology, the extent ofcontrol the project manager expects to exercise over the modeler, and the scope andorientation of the model to be developed.The second function performed by the project manager is to identify the sources ofinformation on which the modeler will draw to build the model. These sources mayeither be people particularly knowledgeable in some aspect of the business area, ordocuments that record, instigate, or report aspects of that business area. From a modelingstandpoint, personnel who can interpret and explain the information they deal with aremore desirable. However, documents which record that information are usually lessexpensive to obtain. The project manager must be in a position to provide these sourcesto the modelers. Sources are initially identified in modeling Phase Zero, but the list mustbe reviewed and revised as the effort progresses, since the information required will tendto change as the model grows.Next, the project manager selects experts on whose knowledge and understanding themodeler will draw for validation of the evolving model. Validation, as discussed belowunder Expert, means concurrence that the model acceptably reflects the subject beingmodeled. The experts will be given portions of the model and asked to review andcomment based on their particular knowledge. Clearly, more of an expert�s time will beabsorbed in the modeling effort than the time we would set aside for a source of basicinformation. The initial list of experts is established during Phase Zero, but will bereviewed and revised throughout the modeling effort as the need arises.Finally, the project manager forms and convenes the acceptance review committee. Thiscommittee, under the chairmanship of the project manager, periodically meets to considerissues of substance requiring arbitration and to review portions of the model for formalacceptance. The project manager sits on the committee as its non-voting chairman,thereby providing the needed link between the modeler and the committee. Although themodeler is not a member of the committee, the project manager will frequently invite themodeler to attend a committee meeting to provide background information or to explaindifficult technical points. The first meeting of the committee is held during Phase Zero,and thereafter at the discretion of the project manager.Modeler RoleThe modeler records the model on the basis of source material he is able to gather. It isthe modeler�s function to apply modeling techniques to the problem posed by the projectmanager. The modeler performs four primary functions: source data collection,education and training, model recording, and model control. The modeler is the centralclearinghouse for both modeling methodology information and information about themodel itself.Before the modeler�s primary functions begin, the modeler and the project manager studyand establish the scope of the modeling effort. The modeler then outlines a project plan,i.e., the tasks required to reach the stated objectives. The project manager provides themodeler with a list of information sources and a list of experts on whom the modeler may

52rely. The modeler must ensure that the necessary lines of communication are establishedwith all participants.Source data are collected by the modeler from the various sources identified by theproject manager. The nature of these data will depend largely on the modeling phasebeing exercised. Both people and documents will serve as sources of informationthroughout the modeling effort. The modeler must be particularly aware that each pieceof source data represents a particular view of the data in the enterprise. Each producerand each user of data has a distinct view of that data. The modeler is striving to see,through the eyes of the sources, the underlying meaning and structure of the data. Eachsource provides a perspective, a view of the data sought. By combining these views, bycomparing and contrasting the various perspectives, the modeler develops an image of theunderlying reality. Each document may be seen as a microcosmic implementation of asystem, meeting the rules of the underlying data model. The modeler attempts to captureall of these rules and represent them in a way that can be read, understood, and agreedupon by experts and informed laymen.The modeler�s second function is to provide assistance with the modeling technique tothose who may require it. This will fall generally into three categories: generalorientation for review committee members, sources, and some experts; model readershipskills for some sources and experts; and modeling skills for some experts and modelers,as required.The third function is recording the model. The modeler records the data model by meansof textual and graphic descriptions. Standard forms for capturing and displaying modelinformation are presented in Section A4.3.The modeler also controls the development of the model. Files of derived sourceinformation are maintained to provide appropriate backup for decisions made by themodeler, and to allow a record of participation. This record of participation provides themodeler with an indication of the degree to which the anticipated scope is being covered.By knowing who has provided information in what areas, and the quality of thoseinteractions, the modeler can estimate the degree to which current modeling efforts havebeen effective in meeting the original goals.The modeler is also responsible for periodically organizing the content of the model intosome number of reader kits for distribution to reviewers. A reader kit is a collection ofinformation about the model, organized to facilitate its review and the collection ofcomments from the information experts. Kits are discussed further in Section A4.2.Source RolesSource information for an IDEF1X model comes from every quarter within theenterprise. These sources are often people who have a particular knowledge of themanagement or operation of some business process and whose contact with the modelmay be limited to a few short minutes of interview time. Yet these sources form the heartof the modeling process. Their contribution is modeled, and their perception provides themodeler with the needed insight to construct a valid, useful model. Sources must besought out and used to best advantage wherever they may be found.The project manager identifies sources of information that may be effective, based on themodeler�s statement of need. As the modeling effort progresses, needs change and thelist of sources must be revised. Whereas the modeler must be careful to account for theinformation provided by each source, both the modeler and source should be aware thatany particular contribution is necessarily biased. Each source perceives the world a little

53differently, and it is the modeler�s responsibility to sort out these varying views. This isespecially true of source documents.Documents record the state of a minute portion of the enterprise at some point in time.However, the information on a document is arranged for the convenience of its users, andseldom directly reflects the underlying data structure. Redundancy of data is the mostcommon example of this, but the occurrence of serendipitous data on a document is also asource of frequent and frustrating confusion. Documents are valuable sources ofinformation for the model, but they require a great deal of interpretation, understanding,and corroboration to be used effectively.If the data model is being developed to either integrate or replace existing databases, thenthe existing database designs should be referenced as a source document. However, likeother documents, existing database designs do not generally reflect the underlying datastructure and require interpretation.People used as sources, on the other hand, can often extend themselves beyond theirdirect use of information to tell the modeler how that information is derived, interpreted,or used. By asking appropriate questions, the modeler can use this information to assistin understanding how the perception of one source may relate to that of another source.Expert RoleAn expert is a person appointed by the project manager who has a particular knowledgeof some aspect of the manufacturing area being modeled, and whose expertise will allowvaluable critical comments of the progressing model. The impact that appropriate expertscan have on the modeling effort cannot be over emphasized. Both the modeler and theproject manager should seriously consider the selection of each expert.Experts are called on to critically review portions of the evolving model. This isaccomplished through the exercise of some number of validation cycles, and by the use ofreader kits. These kits provide the expert with a related collection of informationpresented to tell a story. In this fashion, the expert is provided the information in aneasily digestible form and is challenged to fill in the blanks or complete the story.Although the kit is largely based on modeler interpretation of information from informedsources, the comments of experts may also be expected to provide high quality sourcematerial for the refinement of the model. The particular expertise of these people makesthem uniquely qualified to assist the modeler in constructing and refining the model. Themodeler must take every opportunity to solicit such input, and this is why the kits ofinformation must present the expert with concise, clear problems to solve relative to themodeling effort.The primary job of the expert is to validate the model. Expert validation is the principalmeans of achieving an informed consensus of experts. That is, a valid model is oneagreed to by experts informed about the model. Note that it is not necessary for a modelto be �right� for it to be valid. If the majority of experts in the field agree that the modelappropriately and completely represents the area of concern, then the model is consideredto be valid. Dissenting opinions are always noted, and it is assumed by the discipline thatmodels are invalid until proved otherwise. This is why expert participation is so vital tothe modeling effort. When the modeler first constructs a portion of the model, he issaying, �I have reviewed the facts and concluded the following...� When that portion issubmitted to experts for review, he asks, �Am I right?� Expert comments are then takeninto account in revising that portion of the model with which the experts do not agree,always bearing in mind that a consensus is being sought.

54Experts, more than any other non-modeling participants, require training to be effective.In fact, one of the modeler�s responsibilities is to ensure that experts have an adequateunderstanding of the modeling methodology and process. Principally, experts requiregood model readership skills, but it may be helpful to train an expert in some of therudiments of model authorship. By providing experts with a basic understanding ofmodeling, the project is assured of useful input from those experts. Further, the stepwise,incremental nature of the modeling process presents experts with the modelingmethodology in small doses. This tends to enhance the expert�s ability to understand andcontribute to the modeling effort.Acceptance Review Committee RoleThe acceptance review committee is formed of experts and informed laymen in the areaaddressed by the modeling effort. The project manager forms the committee and sits asits chairman. It is the function of the review committee to provide guidance andarbitration in the modeling effort, and to pass final judgement over the ultimate productof the effort: an IDEF1X data model. Since this model is one part of a complex series ofevents to determine and implement systematic improvements in the productivity of theenterprise, it is important that the committee include ample representation from providers,processors, and end users of the data represented. Very often, this will mean that policyplanners and data processing experts will be included on the committee. These peopleare primarily concerned with eventual uses to which the model will be put. Further, itmay be advantageous to include experts from business areas outside of, but related to, thearea under study. These experts often can contribute valuable insight into how the datamodel will affect, or be affected by, ongoing work in other areas.It is not uncommon for those who serve as experts to also serve as members of the reviewcommittee. No conflict of interest, in fact, should be anticipated. An expert is often onlyexposed to restricted portions of the model at various intermediate stages. The reviewcommittee, by contrast, must pass judgment on the entire model. It is much less commonfor individuals who serve in the role of source to also sit on the committee, as theirknowledge is usually restricted enough in coverage to exclude them from practicalcontribution to the committee. Finally, it is ill-advised for modelers to sit on thecommittee, as a severe conflict of interest is clearly evident. Further, the role of modeleris to record the model without bias and the role of the committee is to ensure that themodel in fact represents their particular enterprise.The end product of this segment of the project definition is the documentation of specificassignments made by the project manager to fulfill each of the functional rolerequirements of the modeling technique.

A3.1.4 Collect Source Material

One of the first problems confronting the modeler is to determine what sort of materialneeds to be gathered, and from what sources it should be gathered. Not infrequently, thescope and context of the IDEF1X model will be determined based on an analysis of anIDEF0 function model. Once the analysis of the functions and pipelines betweenfunctions is completed, target functions within the enterprise represented by the functionmodel can be identified. A target function node is one that represents a concentration ofinformation in use, which is representative of the problem domain.Once the target functional areas have been identified and the primary informationcategories of interest selected, individuals within functions can be selected to participatein the data gathering process. This data gathering can be accomplished in several ways,including interviews with knowledgeable individuals; observation of activities, evaluation

55of documents, policies and procedures, and application specific information models, etc.This requires translation of the target function nodes into their equivalent, orcontributing, modeling participants. Once the groups participating in a target functionhave been identified, the project manager can proceed to identify individuals or specificobservable areas that can be used as sources of material for the model.Source material may take a variety of forms and may be fairly widespread throughout anorganization. Source materials may include:a)Interview resultsb)Observation resultsc)Policies and proceduresd)Outputs of existing systems (reports and screens)e)Inputs to existing systems (data entry forms and screens)f)Database/file specifications for existing systemsRegardless of the method used, the objective of the modeler at this point is to establish aplan for the collection of representative documentation reflecting the informationpertinent to the purpose and viewpoint of the model. Once collected, each piece of thisdocumentation should be marked in such a way that could be traced to its source. Thisdocumentation, along with the added documentation that is discovered through the courseof the modeling, will constantly be referred to in the various phases of modeldevelopment. The modeler will study and search for source material that lends credibilityto the basic structural characteristics of the model and to the meaning of the datarepresented.As discussed in Section A2, the objective of data modeling is to define a single consistententerprise view of the data resource which is referred to as the Conceptual Schema in theANSI/SPARC architecture. Source documents, for the most part, represent eitherExternal Schema or Internal Schema which must map to the Conceptual Schema but arebiased toward their particular use. User reports, for example, are an External Schemaview of the data which might serve as source documentation. File descriptions anddatabase designs represent Internal Schema views of data and may also be used as sourcedocumentation. Although the data structure will be greatly simplified through themodeling process, the resulting data model must be mappable back to the External andInternal Schema from which it was developed.A sound data collection plan is of paramount importance to accomplish the objectivesuccessfully. This data collection plan must reflect what kind of data is of importance,where that data is available, and who will supply it.

A3.1.5 Adopt Author Conventions

Author conventions are those latitudes granted to the modeler (author) to assist in thedevelopment of the model, its review kits, and other presentations. Their purpose isspecifically for the enhancement of the presentation of the material. They may be usedanywhere to facilitate a better understanding and appreciation of any portion of themodel. For example, a standard naming convention may be adopted for entity andattribute names.

56Author conventions may take on various forms and appear in various places. But themost important aspect of all of this is what author conventions are not.a)Author conventions are not formal extensions of the techniqueb)Author conventions are not violations of the techniqueAuthor conventions are developed to serve specific needs. Each convention must bedocumented as it is developed and included in the Phase Zero documentation that isdistributed for review.

A3.2 Phase One — Entity Definition

The objective of Phase One is to identify and define the entities that fall within theproblem domain being modeled. The first step in this process is the identification ofentities.

A3.2.1 Identify Entities

An �entity� within the context of an IDEF1X Model represents a set of �things� whichhave data associated with them, where, a �thing� may be an individual, a physicalsubstance, an event, a deed, an idea, a notion, a point, a place, etc. Members of the setrepresented by the entity have a common set of attributes or characteristics. For example,all members of the set of employees have an employee number, name, and other commonattributes. An individual member of an entity set is referred to as an instance of theentity. For example, the employee named Jerry with employee number 789 is an instanceof the entity EMPLOYEE. Entities are always named with a singular, generic nounphrase.Most of the entities can be directly or indirectly identified from the source materialcollected during Phase Zero. If the modeling effort is expanding or refining a previousdata model, appropriate entities should be selected from the prior model. For entities notpreviously defined, the modeler must first identify within the list of source materialnames those things which represent potentially viable entities. One way this can besimplified is to identify the occurrences of all nouns in the list. For example, terms suchas part, vehicle, machine, drawing, etc., would at this stage be considered potentiallyviable as entities. Another method is to identify those terms ending with the use of theword �code� or �number,� for example, part number, purchase order number, routingnumber, etc. The phrase or word preceding the word �code� or �number� could also beconsidered at this stage as a potentially viable entity. For the remainder of the items onthis list, the modeler must ask whether the word represents an object or thing about whichinformation is known, or is information about an object or thing. Those items that fallinto the category of being objects about which information is known may also be viableentities.Entities result from a synthesis of basic entity instances, which become members of theentity. This means that some number of entity instances, all of whose characteristics arethe same type, are represented as an entity. An example of this concept is shown inFigure A3.2. Each instance of an entity is a member of the entity, each with the samekind of identifying information.In order to help separate entities from non-entities, the modeler should ask the followingquestions about each candidate entity:a)Can it be described? (Does it have qualities?)

57b)Are there several instances of these?c)Can one instance be separated/identified from another?d)Does it refer to or describe something? (A �yes� answer implies an attributerather than an entity.)

58NumberEntity Name (User)Source MaterialLog Number

E1Backorder2

E-2Bill of Lading2

E-3Carrier2

E-4Clock Card3

E-5Commodity2

E-6Contractor4

E-7Delivery2

E-8Department2

E-9Deviation Waiver6

E-10Deviation Waiver Request6

E-11Division4

E-12Employee10

E-13Employee Assignment10

E-14Employee Skill10

E-15End Item Requirement6

E-16Group6

E-17Inspection Tag12

E-18Inventory Adjustment6

E-19Invoice11

E-20Issue From Stock12

E-21Job Card12

E-22Labor Report12

E-23Machine Queue14

E-24Master Schedule14

E-25Material14

E-26Material Availability15

E-27Material Handling Equipment15

E-28Material Inventory15

E-29Material Move Authorization15

E-30Material Requirement15

E-31Material Requisition15

E-32Material Requisition Item15

Figure A3.3. Sample Entity Pool

In all likelihood, not all names on the list will remain as entities by the end of Phase Four.In addition, a number of new entities will be added to this list and become a part of theinformation model as the modeling progresses and the understanding of the informationimproves.Entity names discovered in phases further downstream must be added to the entity pooland may be assigned a unique identification number. One of the products of the PhaseOne effort is the entity pool. It must be up to date to remain viable.

A3.2.2 Define Entities

The next product to emerge out of the Phase One efforts is the beginning of the entityglossary. During Phase One, the glossary is merely a collection of the entity definitions.

59The components of an entity definition include:a)ENTITY NAMEEntity name is the unique name by which the entity will be recognized in theIDEF1X model. It should be descriptive in nature. Although abbreviations andacronyms are permitted, the entity name must be meaningful.b)ENTITY DEFINITIONThis is a definition of the entity that is most commonly used in the enterprise. Itis not intended to be a dictionary. Since the meaning of the information reflectedin the model is specific to the viewpoint of the model and the context of the modeldefined in Phase Zero, it would be meaningless (if not totally confusing) toinclude definitions outside of the Phase Zero scope. However, there may be slightconnotative differences in the way that the entity is defined, primarily based oncontextual usage. Whenever these occur, or whenever there are alternatedefinitions (which are not necessarily the most common from the viewpoint of themodel), these should also be recorded. It is up to the reviewers to identify whatdefinition should be associated with the term used to identify the entity. ThePhase One definition process is the mechanism used to force the evolvement of acommonly accepted definition.c)ENTITY ALIASESThis is a list of other names by which the entity might be known. The only rulepertaining to this is that the definition associated with the entity name must applyexactly and precisely to each of the aliases in the list.Entity definitions are most easily organized and completed by first going after the onesthat require the least amount of research. Thus, the volume of glossary pages will surgein the shortest period of time. Then the modeler can conduct the research required tofully define the rest of the names in the pool. Good management of the time and effortrequired to gather and define the information will ensure that modeling continues at areasonable pace.

A3.3 Phase Two — Relationship Definition

The objective of Phase Two is to identify and define the basic relationships betweenentities. At this stage of modeling, some relationships may be non-specific and willrequire additional refinement in subsequent phases. The primary outputs from PhaseTwo are:a)Relationship matrixb)Relationship definitionsc)Entity-level diagrams

60A3.3.1 Identify Related Entities

A �relationship� can be defined as simply an association or connection between twoentities. More precisely, this is called a �binary relationship.� IDEF1X is restricted tobinary relationships because they are easier to define and understand than �n-ary�relationships. They also have a straightforward graphical representation. Thedisadvantage is a certain awkwardness in representing n-ary relationships. But there is noloss of power since any n-ary relationships can be expressed using n binary relationships.A relationship instance is the meaningful association or connection between two entityinstances. For example, an instance of the entity OPERATOR, whose name is John Doeand operator number is 862, is assigned to an instance of the entity MACHINE, whosetype is drill press and machine number is 12678. An IDEF1X relationship represents theset of the same type of relationship instances between two specific entities. However, thesame two entities may have more than one type of relationship.The objective of the IDEF1X model is not to depict all possible relationships but todefine the interconnection between entities in terms of existence dependency (parent-child) relationships. That is, an association between a parent entity type and a child entitytype, in which each instance of the parent is associated with zero, one, or more instancesof the child and each instance of the child is associated with exactly one instance of theparent. That is, the existence of the child entity is dependent upon the existence of theparent entity. For example, a BUYER issues zero, one or more PURCHASE-ORDERS,and a PURCHASE-ORDER is issued by one BUYER.If the parent and child entity represent the same real-world object, then the parent entity isa generic entity and the child is a category entity. For each instance of the categoryentity, there is always one instance of the generic entity. For each instance of the genericentity, there may be zero or one instances of the category. For example, a SALARIED-EMPLOYEE is an EMPLOYEE. An EMPLOYEE may or may not be a SALARIED-EMPLOYEE. Several category entities may be associated with a generic entity in acategorization cluster but only one category must apply to a given instance of the genericentity. For example, a cluster might be used to represent the fact that an EMPLOYEEmay be either a SALARIED-EMPLOYEE or an HOURLY-EMPLOYEE, but not both.In the initial development of the model, it may not be possible to represent allrelationships as parent-child or categorization relationships. Therefore, in Phase Twonon-specific relationships may be specified. Non-specific relationships take the generalform of zero, one, or more to zero, one, or more (N:M). Neither entity is dependent uponthe other for its existence.The first step in Phase Two is to identify the relationships that are observed betweenmembers of the various entities. This task may require the development of a relationshipmatrix as shown in Figure A3.4. A relationship matrix is merely a two-dimensionalarray, having a horizontal and a vertical axis. One set of predetermined factors (in thiscase all the entities) is recorded along one of the axes, and a second set of factors (in thiscase, also all the entities) is recorded along the other axis. An �X� placed in theintersecting points where any of the two axes meet is used to indicate a possiblerelationship between the entities involved. At this point, the nature of the relationship isunimportant; the fact that a relationship may exist is sufficient.

61Entity-Relationship Matrix Example

Buyer

Requester

Approver

Purchase Requisition

Purchase Req. Item

XAn Entity-Relationship Matrix only reflects that a relationship of some kind may exist.

Buyer

Requester

Approver

Purchase Req. Item

Figure A3.4. Entity Relationship Matrix

The general tendency for new modelers is to over specify the relationships betweenentities. Remember, the goal is to ultimately define the model in terms of parent-childrelationships. Avoid identifying indirect relationships. For example, if aDEPARTMENT is responsible for one or more PROJECTs and each PROJECT initiatesone or more PROJECT-TASKs, then a relationship between DEPARTMENT andPROJECT-TASK is not needed since all PROJECT-TASKs are related to a PROJECTand all PROJECTs are related to a DEPARTMENT.More experienced modelers may prefer to sketch entity-level diagrams rather thanactually construct the relationship matrix. However, it is important to definerelationships as they are identified.

A3.3.2 Define Relationships

The next step is to define the relationships which have been identified. These definitionsinclude:a)Indication of dependenciesb)Relationship namec)Narrative statements about the relationship

62As a result of defining the relationships, some relationships may be dropped and newrelationships added.In order to establish dependency, the relationship between two entities must be examinedin both directions. This is done by determining cardinality at each end of the relationship.To determine the cardinality, assume the existence of an instance of one of the entities.Then determine how many specific instances of the second entity could be related to thefirst. Repeat this analysis reversing the entities.For example, consider the relationship between the entities CLASS and STUDENT. Anindividual STUDENT may be enrolled in zero, one, or more CLASSES. Analyzing fromthe other direction, an individual CLASS may have zero, one, or more STUDENTS.Therefore, a many to many relationship exists between CLASS and STUDENT with acardinality of zero, one, or more at each end of the relationship. (Note: this relationshipis non-specific since a cardinality of �zero or one� or �exactly one� does not exist ateither end of the relationship. The non-specific relationship must be resolved later in themodeling process.)Take the relationship between the entities BUYER and PURCHASE-ORDER as anotherexample. An individual BUYER may issue zero, one, or many PURCHASE-ORDERs.An individual PURCHASE-ORDER is always issued by a single BUYER. Therefore, aone to many relationship exists between BUYER and PURCHASE-ORDER with acardinality of one at the BUYER end of the relationship and a cardinality of zero, one, ormore at the PURCHASE-ORDER end of the relationship. (Note: this is a specificrelationship since an �exactly one� cardinality exists at the BUYER end of therelationship, i.e. BUYER is a parent entity to PURCHASE-ORDER).Once the relationship dependencies have been established, the modeler must then select aname and may develop a definition for the relationship. The relationship name is a shortphrase, typically a verb phrase with a conjunction to the second entity mentioned. Thisphrase reflects the meaning of the relationship represented. Frequently, the relationshipname is simply a single verb; however, a verb phrase may also appear frequently inrelationship names. Once a relationship name is selected, the modeler should be able toread the relationships and produce a meaningful sentence defining or describing therelationship between the two entities.In the case of the specific relationship form, there is always a parent entity and a childentity; the relationship name is interpreted from the parent end first, then from the childto the parent. If a categorization relationship exists between the entities, this implies bothentities refer to the same real-world object and the cardinality at the child end (orcategory entity) is always zero, or one. The relationship name is omitted since the name�may be a� is implied. For example, EMPLOYEE may be a SALARIED-EMPLOYEE.In the case of the non-specific relationship form, there may be two relationship names,one for each entity, separated by a �/� mark. In this case, the relationship names areinterpreted from top to bottom or from left to right, depending on the relative positions ofthe entities on the diagram, and then in reverse.Relationship names must carry meaning. There must be some substance in what theyexpress. The full meaning, in fact, the modeler�s rationale in selecting a specificrelationship name, may be documented textually by a relationship definition. The

63relationship definition is a textual statement explaining the relationship meaning. Thesame rules of definition that apply to the entity definitions also apply to the relationshipdefinition:a)They must be specificb)They must be concisec)They must be meaningfulFor example, if a one to zero or one relationship was defined between two entities such asOPERATOR and WORKSTATION, then the relationship name might read �is currentlyassigned to.� This relationship could be supported by the following definition:Each operator may be assigned to some number of workstations during any shift, but thisrelationship reflects the workstation the operator is assigned to at the moment.

A3.3.3 Construct Entity-Level Diagrams

As relationships are being defined, the modeler may begin to construct entity-leveldiagrams to graphically depict the relationships. An example of an entity-level diagramis shown in Figure A3.5. At this stage of modeling, all entities are shown as square boxesand non-specific relationships are permitted. The number and scope of entity-leveldiagrams may vary depending on the size of model and the focus of individual reviewers.If feasible, a single diagram depicting all entities and their relationships is helpful forestablishing context and ensuring consistency. If multiple diagrams are generated, themodeler must take care that the diagrams are consistent with one another as well as withthe entity and relationship definitions. The combination of entity-level diagrams shoulddepict all defined relationships.supplies/is supplied by

Supplier

Part

Purchase-Order

Buyer is responsible for is source for/ deals with is procured on/ procures

Figure A3.5. Entity Level Diagram

64A special case of the entity-level diagram focuses on a single entity and is referred tosimply as an �Entity Diagram.� An example is shown in Figure A3.6. The generation ofan entity diagram for each and every entity is optional, but specific guidelines should befollowed if they are used:a)Subject entity will always appear in the approximate center of the page.b)The parent or generic entities should be placed above the subject entity.c)The child or category entities should be placed below the subject entity.d)Nonspecific relationship forms are frequently shown to the sides of the subjectentity box.e)The relationship lines radiate from the subject entity box to the related entities.The only associations shown on the diagram are those between the subject entityand the related entities.f)Every relationship line has a label consisting of one or two relationship names,separated by a slash (�/�).Requester

Approver

Purchase-Req

Purchase-Req-Item processes containsissuesBuyer

authorizes the issue of

Figure A3.6. Phase Two (Entity Level) Diagram Example

65At this point, the information available for each entity includes the following:a)The entity definitionb)The relationship names and optional definitions (for both parent and childrelationships)c)Depiction in one or more entity-level diagramsThe information about an entity can be expanded by the addition of reference diagrams,at the modeler�s discretion. Reference diagrams (diagrams for exposition only,sometimes called FEOs) are an optional feature available to the modeler, to whichindividual modeler conventions may be applied. These diagrams are platforms fordiscussion between the modeler and the reviewers. They offer a unique capability to themodeler to document rationale, discuss problems, analyze alternatives, and look into anyof the various aspects of model development. One example of a reference diagram isshown in Figure A3.7. This figure depicts the alternatives available in the selection of arelationship and is marked with the modeler�s preference.Another type of reference diagram, illustrated by Figure A3.8, depicts a problemconfronted by the modeler. In this example, the modeler has identified the problem andits complexities for the reviewer�s attention.

This appears accurate but will require refinement in Phase IIIAn "FEO" Used to Illustrate AlternativesPartPurchase-ReqPurchase-ReqPartDon’t we allow multipleparts per Purchase Req?

is requested by requests/is requested by

Figure A3.7. Reference Diagram (FEO)

66By this stage, the modeler has compiled sufficient information to begin the formalvalidation through kits and walk-throughs. (Sections A4.2 and A4.4).

A3.4 Phase Three - Key Definitions

The objectives of Phase Three are to:a)Refine the non-specific relationships from Phase Two.b)Define key attributes for each entity.c)Migrate primary keys to establish foreign keys.d)Validate relationships and keys

Real World These three parts on the manufactured robot are of the same type. Let�scall them part �A.� There is no way that we can really tell one part �A"from any other part �A.� That is, part �A�s�are not uniquely identifiable.This situation is modeled as follows:

What would happen to the model if serialized control of parts became a requirement?

Model

PartThis model shows part �types� that can accommodate any part, e.g., part �A,� and any quantity, such as three, but

Problem

Figure A3.8. Example Reference Diagram

67The results of Phase Three are depicted in one or more Phase Three (key-based level)diagrams. In addition to adding key attribute definitions, Phase Three will expand andrefine entity and relationship definitions.

A3.4.1 Resolve Non-Specific Relationships

The first step in this phase is to ensure that all non-specific relationships observed inPhase Two have been refined. Phase Three requires that only a specific relationship formbe used; either a specific connection (parent-child) relationship or categorizationrelationship. To meet this requirement, the modeler will employ the use of refinementalternatives. Refinement alternative diagrams are normally divided into two parts: theleft part deals with the subject (the non-specific relationship to be refined), and the rightpart deals with the refinement alternative. An example of a refinement alternative dealingwith a many-to-many resolution is exhibited in Figure A3.9.This

Robber

Bank experiences

Resolves To

Bank-Robbery

commits

Figure A3.9. Non-Specific Relationship Refinement

68The process of refining relationships translates or converts each non-specific relationshipinto two specific relationships. New entities evolve out of this process. The non-specificrelationship shown in Figure A3.9 indicates that a ROBBER may rob many BANKS anda BANK may be robbed by many ROBBERS. However, we cannot identify whichROBBER robbed which BANK until we introduce a third entity, BANK-ROBBERY, toresolve the non-specific relationship. Each instance of the entity BANK-ROBBERYrelates to exactly one BANK and one ROBBER.In earlier phases, we have been working with what we might informally call the �naturalentities.� A natural entity is one that we will probably see evidenced in the source datalist or in the source material log. A natural entity would include such names as thefollowing:a)Purchase Orderb)Employeec)BuyerIt is during Phase Three that we begin to see the appearance of �associative entities� orwhat may informally be called �intersection entities.� Intersection entities are used toresolve non-specific relationships and generally represent ordered pairs of things whichhave the same basic characteristics (unique identifier, attributes, etc.) as natural entities.Although the entity BANK-ROBBERY in the previous example might be considered anatural entity, it really represents the pairing of ROBBERS with BANKS. One of thesubtle differences between the natural and intersection entities is in the entity names.Typically, the entity name for natural entities is a singular common noun phrase. On theother hand, the entity name of the intersection entities may be a compound noun phrase.The intersection entity is more abstract in nature, and normally results from theapplication of rules governing the validity of entities that are first applied in Phase Three.The first of these rules is the rule requiring refinement of all non-specific relationships.This process of refinement is the first major step in stabilizing the integrated datastructure.This process of refinement involves a number of basic steps:a)The development of one or more refinement alternatives for each non-specificrelationship.b)The selection by the modeler of a preferred alternative, which will be reflected inthe Phase Three model.c)The updating of Phase One information to include new entities resulting from therefinement.d)The updating of Phase Two information to define relationships associated with thenew entities.

A3.4.2 Depict Function Views

The volume and complexity level of the data model at this point may be appreciable. Itwas quite natural during Phase One to evaluate each entity independently of the otherentities. At that juncture the entities were simply definitions of words. In Phase Two, itmay have been practical to depict all relationships in a single diagram because the total

69volume of entities and relationships was typically not too large. In Phase Three,however, the volume of entities and the complexity of relationships being reflected in themodel are normally such that an individual can no longer construct a total mental imageof the meaning of the model. For this reason, the model may be reviewed and validatedfrom multiple perspectives. These perspectives enable the evaluation of the model in afashion more directly related to the functional aspects of the enterprise being modeled.These perspectives are represented by a �function view.� Each function view is depictedin a single diagram. Its purpose is to establish limited context within which portions ofthe model can be evaluated at one sitting.Function views can be instrumental in the evaluation and validation of the data model.The modeler must exercise some care in the determination or selection of topicsillustrated in a function view. Two methods that have been used are the following:a)Select sample source material as the topic of a function view, e.g., purchase order.b)Relate the function view to job categories or specific processes, represented by theorganizational departments or functional areas identified as sources in Phase Zero.For example, in Figure A3.10 the data within the sample function view can be used toreconstruct a purchase order or to reconstruct a report about some number of purchaseorders. When constructing a function view, the author must have the topic in mind sothat it can be precisely expressed.

A3.4.3 Identify Key Attributes

Phase Three of the IDEF1X methodology deals with the identification and definition ofelements of data about entity instances referred to as candidate keys, primary keys,alternate keys, and foreign keys. The purpose of this step is to identify attribute valuesthat uniquely identify each instance of an entity.

Vendor

Purchase-Order

PartPO-Item

Ordered-Part

Purchase Order No.

ItemPart No.

Description

Purchase Orders

PartItemP.O.

To: Xxxxxxxx

Figure A3.10. Scope of a Function View

70It is important at this point that the definition and the meaning of the terms attributeinstance and attribute be emphasized. An attribute instance is a property or characteristicof an entity instance. Attribute instances are composed of a name and a value. In otherwords, an attribute instance is one element of information that is known about a particularentity instance. Attribute instances are descriptors; that is, they tend to be adjective-likein nature.An example of some attribute instances and their respective entity instances is shown inFigure A3.11. Note that the first entity instance, or individual, is identified with anemployee number of �1,� that the name associated with the entity instance is �Smith,�and that the job of the entity instance is �operator.� These attribute instances, taken alltogether, uniquely describe the entity instance and separate that entity instance from othersimilar entity instances. Every attribute instance has both a type and a value. The uniquecombination of attribute instances describes a specific entity instance.An attribute represents a collection of attribute instances of the same type that apply to allthe entity instances of the same entity. Attribute names are typically singular descriptivenoun phrases. In the example of the Employee entity, there are several attributes,including the following:a)Employee numberb)Employee namec)Employee job/positionAn example of how attribute instances are represented as attributes is also shown inFigure A3.11. The attribute instances belong to the entity instances. But the attributesthemselves belong to the entity. Thus, an ownership association is established betweenan entity and some number of attributes.An attribute has only one owner within a view. An owner is the entity in which theattribute originates. In our example, the owner of the EMPLOYEE-NUMBER attributewould be the EMPLOYEE entity. Although attributes have only one owner, the ownercan share the attribute with other entities. How this works will be discussed in detail inlater segments.An attribute example represents the use of an attribute instance to describe a specificproperty of a specific entity instance. Additionally, some attribute examples represent theuse of an attribute instance to help uniquely identify a specific entity instance. These areinformally referred to as key attributes.Phase Three focuses on the identification of the key attributes within the context of ourmodel. In Phase Four the nonkey attributes will be identified and defined.One or more key attributes form a candidate key of an entity. A candidate key is definedas one or more key attributes used to uniquely identify each instance of an entity. Anemployee number is an example of one attribute being used as a candidate key of anentity. Each employee is identified from all the other employees by an employeenumber. Therefore, the EMPLOYEE-NUMBER attribute is a candidate key, which wecan say uniquely identifies each member of the EMPLOYEE entity.

71Entity Instances

Employee

The "items" that commonly describe an Entity, e.g., Employee. In this case, the Attributes "Name, No., and Job" commonly describe each Employee.

Attribute

A set to which "Smith, Jones, and Starbuck" belong. In this case, the �Entity� is called

Attribute Instances

Entity

Smith1Operator

Name:No:Job:

Jones2Supervisor

Starbuck3Pilot

72The process of identifying keys consists of:a) Identifying the candidate key(s) for an entity.b) Selecting one as the primary key for the entity.c) Labeling the alternate key(s) for the entity.Since some candidate keys may be the result of primary migration, key identification isan iterative process. Start with all the entities that are not a child or category in anyrelationship. These are usually the ones whose candidate keys are most obvious. Theseare also the starting points for primary key migration because they do not contain anyforeign keys.

Employee

Employee-Number

Purchase-Order-NoPurchase-Order-Item-No

SimplePrimary Key

CompoundPrimary Key

Alternate(Equivalent) Key

Employee-Number

Social Security-No (AK1)

Purchase-Order-Item

Employee

Figure A3.12. Key FormsA3.4.4 Migrate Primary Keys

Primary key migration is the process of replicating one entity�s primary key in anotherrelated entity. The replica is called a foreign key. The foreign key value in each instanceof the second entity is identical to the primary key value in the related instance of the first

73entity. This is how an attribute that is owned by one entity comes to be shared byanother. Three rules govern primary key migration:a)Migration always occurs from the parent or generic entity to the child or categoryentity in a relationship.b)The entire primary key (that is, all attributes that are members of the primary key)must migrate once for each relationship shared by the entity pair.c)Nonkey attributes never migrate.Each attribute in a foreign key matches an attribute in the primary key of the parent orgeneric entity. In a category relationship the primary key of the category entity must beidentical to that of the generic entity (although a role name may be assigned). In otherrelationships the foreign key attribute may be part of the primary key of the child entity,but it does not have to be. Foreign key attributes are not considered to be owned by theentities to which they migrate, because they are reflections of attributes in the parententities. Thus, each attribute in an entity is either owned by that entity or belongs to aforeign key in that entity.In the model diagrams, foreign keys are noted much the same as alternate keys, i.e.,�(FK)� appears behind each attribute that belongs to the foreign key. If the attribute alsobelongs to the primary key, it is above the horizontal line; if not, it is below.If the primary key of a child entity contains all the attributes in a foreign key, the childentity is said to be �identifier dependent� on the parent entity, and the relationship iscalled an �identifying relationship.� If any attributes in a foreign key do not belong to thechild�s primary key, the child is not identifier dependent on the parent, and therelationship is called �non-identifying.� In Phase Three and Four diagrams, onlyidentifying relationships are shown as solid lines; non-identifying relationships are shownas dashed lines.An entity that is the child in one or more identifying relationships is called an �identifier-dependent entity.� One that is the child in only non-identifying relationships (or is notthe child in any relationships) is called an �identifier-independent entity.� In Phase Threeand Four diagrams, only identifier-independent entities are shown as boxes with squarecorners; dependent entities are shown as boxes with rounded corners.An example of primary key migration of an attribute from a parent entity to a child entityis shown in Figure A3.13.

writes Migration

Check

Check-Number

Customer-Number (FK)

Customer

Customer-Number

Parent Entity

Child Entity(Identifier Dependent)

Figure A3.13. Primary Key Migration to an Identifier-Dependent Entity

In this example the CUSTOMER-NUMBER attribute (the primary key of theCUSTOMER entity) migrates to (is a foreign key in) the CHECK entity. It is then usedin the CHECK entity as a member of its primary key in conjunction with another attributecalled CHECK-NUMBER, which is owned by CHECK. The two attributes(CUSTOMER-NUMBER and CHECK-NUMBER) together form the primary key for theCHECK.An example of migration of a primary key from an identifier-independent entity toanother identifier-independent entity is shown in Figure A3.14. In this example, theDEPARTMENT-NO attributes migrates to EMPLOYEE. However, the primary key ofEMPLOYEE is EMP-ID. Therefore, DEPT-NO appears as a foreign key below the line.The relationship line is dashed since it is a non-identifying relationship.Child Entity has its own unique identifier without the parent�s identifier.

Migration hasDepartment

Employee

Emp-Id

Dept-No (FK)

Dept-No

Figure A3.14. Migration to an Identifier-Independent Entity

75The same attribute can generate more than one foreign key in the same child entity. Thisoccurs when the attribute migrates through two or more relationships into the child entity.(See section 3.9.3.) In some cases, each child instance must have the same value for thatattribute in both foreign keys. When this is so, the attribute appears only once in theentity and is identified as a foreign key. In other cases, a child instance may (or must)have different values in each foreign key. In these cases, the attribute appears more thanonce in the entity and it becomes necessary to distinguish one occurrence from another.To do so, each is given a role name that suggests how it differs from the others. FigureA3.15 shows an example of this.Each of the migrated "Part-No" keys is given an additional "Role" name identifying its function in the child. The role name is separated from the foreign key name by a period.

is component in

PartPart-No

Assembly-Structure

Comp-No.Part-No (FK)

Assy-No.Part-No (FK)

is assembled from

Figure A3.15. Attribute Role NamesA3.4.5 Validate Keys and Relationships

Basic rules governing the identification and migration of primary keys are:a)The use of non-specific relationship syntax is prohibited.b)Primary key migration from parent (or generic) entities to child (or category)entities is mandatory.

76c)The use of an attribute that might have more than one value at a time for a givenentity instance is prohibited. (No-Repeat Rule)d)The use of a primary key attribute that could be null (i.e., have no value) in anentity instance is prohibited.e)Entities with compound primary keys cannot be split into multiple entities withsimpler primary keys (Smallest - Key Rule).f)Assertions are required for dual relationship paths between two entities.We have already discussed the first two rules in previous sections, so we will turn ourattention to the last group of rules at this point.Figure A3.16 shows a diagram dealing with the application of the �No-Repeat Rule.�Notice that the subject of the diagram shows both the PURCHASE-ORDER-NUMBERand PURCHASE-ORDER-ITEM-NUMBER as members of the primary key ofPURCHASE-ORDER. However, evaluation of the way PURCHASE-ORDER-ITEM-NUMBER is used will show that a single PURCHASE-ORDER (entity instance) can bemany PURCHASE-ORDER-ITEM-NUMBER, one for each item being ordered. Toproperly depict this in the data model, a new entity called PURCHASE-ORDER-ITEMwould have to be created, and the relationship label, syntax, and definition added. Then,the true characteristics of the association between purchase orders and purchase orderitems begin to emerge.Refinement

Purchase-Order

Purchase-Order-No

Purchase-Order-Item-No

Subject

Purchase-Order-Item

Purchase-Order-No (FK)

Purchase-Order-No authorizes the purchase of

Each Purchase-Order can have multiple Purchase-Order-Items.

Figure A3.16. No-Repeat Rule Refinement

Refinement

This structure does not provide for purchase order items that may not be for parts (e.g., services, administrative supplies, etc.).

Subject

PartPart-Number

Purchase-Order-Item

Purchase-Order-No (FK)

Purchase-Order-Item-No

Part-Number (FK) is replenished by

Other-Ordered-Item

Purchase-Order-Item-No (FK)

Other-Item-Description

Part-Indicator

Ordered-Part-Item

This structure does provide for purchase order items that may not be for parts (e.g., services, administrative supplies, etc.).

Figure A3.17 shows a refinement alternative diagram dealing with the examination of thenullability of attributes. Note that PART-NUMBER has migrated to PURCHASE-ORDER-ITEM. This association was established because purchase order items arelinked in some way with the parts. However, the diagram as shown asserts that everypurchase order item is associated with exactly one part number. Investigation (or perhapsreviewer comment) reveals that not all purchase order items are associated with parts.Some may be associated with services or other commodities that have no part numbers.This prohibits the migration of PART-NUMBER directly to the PURCHASE-ORDER-ITEM entity and requires the establishment of a new entity called ORDERED-PART-ITEM in our example.

Figure A3.17. Rule Refinement

Once a new entity is established, primary key migration must occur as mandated by themigration rule, and the modeler will once again validate the entity-relationship structurewith the application of the No-Repeat Rule.Each compound primary key should be examined to make sure it complies with theSmallest-Key Rule. This rule requires that no entity with a compound primary key can

78be split into two or more entities, with simpler primary keys (fewer components), withoutlosing some information.In Phase Two, the tendency to specify redundant relationships was mentioned. However,the Phase Two analysis was primarily judgmental on the part of the modeler. With keysestablished, the modeler can now be more rigorous in the analysis. A dual path ofrelationships exists anytime there is a child entity with two relationships which ultimatelylead back (through one or more relationships) to a common �root� parent entity. Whendual paths exist, a �path assertion� is required to define whether the paths are equal,unequal, or indeterminate. The paths are equal if, for each instance of the child entity,both relationship paths always lead to the same root parent entity instance. The paths areunequal if, for each instance of the child entity, both relationships paths always lead todifferent instances of the root parent. The paths are indeterminate if they are equal forsome child entity instances and unequal for others. If one of the paths consist of only asingle relationship and the paths are equal, then the single relationship path is redundantand should be removed.The simplest case of dual path relationship is one in which both paths consist of a singlerelationship. An example of this structure was shown in Figure A3.15. Since eachinstance of PART-USAGE may relate to two different instances of PART, no redundancyexists. The path assertion in this case would require the paths to be unequal, since aPART cannot be assembled into itself.If one of the paths consists of multiple relationships and the other consists of a singlerelationship, the structure is referred to as a �triad.� An example triad is shown in FigureA3.18. In this case, EMPLOYEE relates to DIVISION both directly and indirectlythrough DEPARTMENT. If the assertion is that the DIVISION that an EMPLOYEEbelongs to is the same DIVISION as his DEPARTMENT (i.e. equal parts) then therelationship between DIVISION and EMPLOYEE is redundant and should be removed.

Division

Div-No

Div-No (FK)

Dept-No

Department

RedundantRelationship hashashasEmployee

Dept-No (FK)

Emp-No

Figure A3.18. Example Triad

79Assertions may also be applied to dual path relationships when both paths evolve morethan one relationship. Figure A3.19 illustrates an example where two relationship pathsexist between DEPARTMENT and TASK-ASSIGNMENT. If an EMPLOYEE can onlybe assigned to a PROJECT which is managed by his DEPARTMENT, then the paths areequal. If an EMPLOYEE can only be assigned to a PROJECT which is not managed byhis DEPARTMENT, then the paths are unequal. If an EMPLOYEE can be assigned to aPROJECT regardless of the managing DEPARTMENT, then the paths are indeterminate.Indeterminate paths are generally assumed unless an assertion is specified. Assertionsthat cannot be made using role names (see section 3.9.1.1) should be attached as notes tothe Phase Three diagrams (see section 3.13).is assigned (1)Emp-No (FK)

Task-No (FK)

Proj-No (FK)

Task-Assignment

Department

Dept-No

Employee

Emp-No

Dept-No (FK)

Project

Proj-No

employs (1) manages (1)

Task

Task-No

Proj-No (FK) consists of (1) is performed by (1)

1. An employee can only be assigned to a project that is managed by his department

Figure A3.19. Path Assertions

Vendor Code

Order Code

Change Number

Ship to Location

Vendor Name

Vendor Address

Confirmation Code

Confirmation Name

Extra Copy Code

Requester Name

Department Code

Ship Via

Buyer Name

Purchase Order No.

Purchase Req Issue Date

Q.C. Att. Code

Taxable Code

Resale Code

Pattern Number

Payment Terms

MKOKOKOK34567891011121314151617181920212212

Attribute

Purchase Req. No.

Buyer Code

MKMKOKOKMEntity

Purchase Requisition

Buyer

Vendor

Purchase Order

Requester

PartPurchase Req Item

Purchase Req Line

Approver

Part Source

12346910122122Figure A3.20. Entity/Attribute Matrix

As primary key members are identified, entries are made into an attribute pool. Anentity/attribute matrix may be used to identify the distribution and use of attributesthroughout the model. The matrix has the following characteristics:a)All entity names are depicted on the side.b)All attribute names are depicted at the top.c)The use of attributes by entities is depicted in the adjoining vectors, asappropriate, using codes such as the following:1)�O� = Owner2)�K� = Primary key3)�M� = MigratedA sample of an entity/attribute matrix is shown in Figure A3.20. This matrix is aprincipal tool in maintaining model continuity.

A3.4.6 Define Key Attributes

Once the keys have been identified for the model, it is time to define the attributes thathave been used as keys. In Phase Three, definitions are developed for key attributes only.The same basic guidelines for these definitions apply: they must be precise, specific,complete, and universally understandable.

81Attribute definitions are always associated with the entity that owns the attribute. That is,they are always members of the owner entity documentation set. Therefore, it is simply amatter of identifying those attributes owned by each entity, and used in that entity�sprimary key or alternate key. In the example shown in Figure A3.20, those attributes arecoded �OK� on the entity/attribute matrix.The attribute definition consists of:a)attribute nameb)attribute definitionc)attribute aliases

A3.4.7 Depict Phase Three Results

As a result of primary key identification and migration, the Function View diagrams maynow be updated to reflect and refine relationships. The Phase Three Function Viewdiagrams should also depict:a) Primary, alternate, and foreign key attributes.b) Identifier-independent (square corner) and identifier-dependent (rounded corner)entities.c) Identifying (solid line) and non-identifying (dashed-line) relationships.An example of a Phase Three Function View is shown in Figure A3.21. Much of theinformation generated by Phase Three analysis may be reported by entity. Each entitydocumentation set consists of:a)A definition of the entityb)A list of primary, alternate, and foreign key attributesc)A definition for owned primary key attributesd)A list of relationships in which the entity is a generic entitye)A list of relationships in which the entity is a category entityf)A list of identifying relationships in which the entity is a parentg)A list of identifying relationships in which the entity is a childh)A list of non-identifying relationships in which the entity is a parenti)A list of non-identifying relationships in which the entity is a childj)A definition of dual path assertions (if appropriate)Optionally, the modeler may also wish to construct an individual diagram for the entity,following the same approach as the optional Entity Diagram in Phase Two.

82 has uses is used as has matriculates in

P teaches

Instructor-Type

Full-time

Instructor-ID (FK)

Instructor-ID

Instructor

Semester-No

Semester

Course-Code

Course

Soc-Sec-No

Student

Enrollment

Grade

Audit

Soc-Sec-No (FK)Course-Code (FK)Semester-No (FK)Section-No (FK)

Soc-Sec-No (FK)Course-Code (FK)Semester-No (FK)Section-No (FK)

Soc-Sec-No (FK)Course-Code (FK)Semester-No (FK)Section-No (FK)

Part-time

Textbook-No

Textbook

Offering

Course-Code (FK)Semester-No (FK)

Class-Text

Textbook-No (FK)Course-Code (FK)Semester-No (FK)Section-No (FK)

Instructor-ID (FK)

Class-Section implemented by

Instructor-Type

Enrollment-Type

Course-Code (FK)Semester-No (FK)Section-No

Figure A3.21. Example of Phase Three Function View Diagram

83Along with a tabular listing of relationship definitions, a cross reference back to theassociated entities is helpful. Owned and shared attributes should also be cross-referenced in the Phase Three reports.

A3.5 Phase Four - Attribute Definition

Phase Four is the final stage of model developing. The objectives of this plan are to:a)Develop an attribute poolb)Establish attribute ownershipc)Define nonkey attributesd)Validate and refine the data structureThe results of Phase Four are depicted in one or more Phase Four (attribute-level)diagrams. At the end of Phase Four, the data model is fully refined. The model issupported by a complete set of definitions and cross-references for all entities, attributes(key and nonkey), and relationships.

A3.5.1 Identify Nonkey Attributes

The construction of an attribute pool was begun in Phase Three with the identification ofkeys. The first step in Phase Four is to expand the attribute pool to include nonkeyattributes. An attribute pool is a collection of potentially viable attribute names. Eachname in the attribute pool occurs only once.The process of constructing the attribute pool is similar in nature to construction of theentity pool. For the entity pool in Phase One, we extracted names that appeared to beobject noun phrases from the Phase Zero source data list. Now we will return to thesource data list and extract those names that appear to be descriptive noun phrases.Descriptive noun phrases (noun phrases that are used to describe objects) commonlyrepresent attributes. Figure A3.22 shows an example of an attribute pool.Many of the names on the source data list from Phase Zero were entered into the entitypool in Phase One as potential entities. Some of those names, however, may have beenrecognized by Phase Three as not qualifying as entities. In all probability, these areattributes. In addition, many of those names that were not selected from the list in thefirst place are probably attributes. The list, then, in conjunction with the knowledgegained during Phase One and Phase Two, is the basis for establishment of the attributepool. The attribute pool is a list of potentially viable attributes observed within thecontext of the model. This list, in all likelihood, will be appreciably larger than the entitypool.The attribute pool is the source of attribute names that are used in the model. In the eventthat attributes are discovered in later phases of the modeling effort, the attributes areadded to the attribute pool and assigned a unique identifying number; they then progressto their intended use in the model.

A3.5.2 Establish Attribute Ownership

The next step requires that each nonkey attribute be assigned to one owner entity. Theowner entity for many of them will be obvious. For example, the modeler should be able

84to readily associate the VENDOR-NAME attribute with the VENDOR entity. However,some attributes may cause the modeler difficulty in locating their owner entities.If the modeler is not certain of the owner entity of an attribute, he may refer to the sourcematerial from which the attribute was extracted. This will aid in the determination of theowner. In Phase Zero, the source data list was established and became the foundation forthe attribute pool. The source data list points the modeler to the locations where theattribute values represented are used in the original source material. By analyzing theusage of the attribute in the source material, the modeler will be able to more easilydetermine the owner entity in the data model. The modeler should keep in mind that thegoverning factor for determining ownership of the attributes is the occurrence attributeinstances represented by the attribute values reflected in the source material. As eachattribute is assigned to its owner entity, the assignment should be recorded.

Attribute NameSource Data Number

Purchase Requisition Number1

Buyer Code2

Vendor Name3

Order Code4

Change Number5

Ship to Location6

Vendor Name 8

Vendor Address8

Configuration Code9

Configurer�s Name9

Extra Copy Code10

Requester Name11,42

Department Code12

Ship Via13

Buyer Name14

Purchase Order Number15

Purchase Requisition Issue Date16

Quality Control Approval Code17

Taxable Code19

Resale Code20

Pattern Number21

Payment Terms22

Freight on Board Delivery Location18

Purchase Requisition Item Number23

Quantity Ordered24

Quantity Unit Measure25

Part Number26

Part Description27

Unit Price28

Price Unit of Measure29

Purchase Requisition Line Code31

Requested Delivery Date32

Requested Delivery Quantity33

Commodity Code30

Figure A3.22. Sample Attribute Pool

85A3.5.3 Define Attributes

A definition must be developed for each of the attributes identified in Phase Four. Theprinciples governing other definitions used in the data model, and particularly those inPhase Three, apply here as well. The definitions developed must be precise, specific,complete, and universally understandable. These attribute definitions are produced in thesame format as the attribute definitions from Phase Three.Attribute definition includes:a)attribute nameb)attribute definitionc)attribute aliases/synonym(s)Each attribute must be given a unique name since within an IDEF1X model the �samename-same meaning rule� applies to both entities and attributes. Therefore, the modelermay wish to adopt a standard approach for the attribute names. However, userrecognizable/natural English names are encouraged for readability to support validation.Attribute names which must satisfy strict programming language rules, e.g. sevencharacter FORTRAN variable names should always be identified as aliases if included atall.Within the attribute definition, the modeler may wish to identify the attribute format, e.g.alpha-numeric code, text, money, date, etc. The domain of acceptable values may also bespecified in definition in terms of a list, e.g. Monday, Tuesday, Wednesday, Thursday, orFriday, or a range, e.g. greater than zero but less than 10. Assertions which involvemultiple attributes may also be specified in definition. For example, the attributeEMPLOYEE-SALARY must be greater than $20,000 when EMPLOYEE-JOBCODEequals twenty.

A3.5.4 Refine Model

The modeler is now ready to begin the Phase Four refinement of relationships. The samebasic rules applied in Phase Three also apply to this refinement. The No-Repeat Ruleintroduced in Phase Three is now applied to both the key and nonkey attributes. As aresult, the modeler can expect to find some new entities. As these entities are identified,the primary key migration rule must be applied, just as it was in Phase Three.The only difference in applying the No-Repeat Rule in Phase Four is that the rule isapplied primarily to the nonkey attributes. Figure A3.23 illustrates the application of theNo-Repeat Rule to a nonkey attribute.

86Many serial numbers may exist for the same part number.

Subject

Refinement is physically

PartPart-No

Serialized-Part

Part-No (FK)

Serial-No

Figure A3.23. Phase Four - Applying the No Repeat Rule

An alternative to immediately creating new entities for attributes that violate therefinement rules is to mark the violators when they are found and create new entitieslater. Violators of a Rule can be marked by placing �R� (for the No-Repeat Rule) inparentheses following their names in attribute diagrams.As new entities emerge, they must be entered in the entity pool, defined, reflected in therelationship matrix, etc. In short, they must meet all of the documentation requirementsof earlier phases in order to qualify for inclusion in Phase Four material.The ownership of each attribute should also be evaluated for compliance with the Full-Functional-Dependency Rule. This rule states that no owned nonkey attribute value of anentity instance can be identified by less than the entire primary key value for the entityinstance. This rule applies only to entities with compound primary keys and is equivalentto the second normal form in relational theory. For example, consider the diagram shownin Figure A3.19. If PROJECT-NAME was a nonkey attribute thought to be owned by theentity TASK, it would pass the No-Repeat Rule. However, since the PROJECT-NAMEcould be identified from only the PROJ-NO portion of the TASK primary key, it does notsatisfy the Full-Functional-Dependency Rule. PROJECT-NAME would obviously be anattribute of the entity PROJECT.All attributes in a Phase Four model must also satisfy the rule of No-Transitive-Dependency. This rule requires that no owned nonkey attribute value of an entityinstance can be identified by the value of another owned or inherited, nonkey attribute ofthe entity instance. This rule is equivalent to the third normal form in the relationaltheory.

87For example, consider the entity EMPLOYEE in Figure A3.19. If DEPT-NAME wasadded to the entity EMPLOYEE as a nonkey attribute, it would satisfy the No-RepeatRule. However, since DEPT-NAME could be determined from DEPT-NO which is aninherited nonkey attribute, it does not satisfy the No-Transitive-Dependency Rule andtherefore, is not an owned attribute of EMPLOYEE. DEPT-NAME would obviously be anonkey attribute of the entity DEPARTMENT.A simple way to remember the rules of Full-Functional-Dependency and No-Transitive-Dependency is that �a nonkey attribute must be dependent upon the key, the whole key,and nothing but the key.�

A3.5.5 Depict Phase Four Results

As a result of attribute population, the Function View diagrams can now be updated toreflect a refinement of the model and expanded to show nonkey attributes. Nonkeyattributes are listed below the line inside each entity box. The size of the entity box mayneed to be expanded to provide room. An example of a Phase Four Function View isshown in Figure A3.24.Supporting definitions and information for the model should be updated to reflect nonkeyattribute definition and ownership assignment. This additional information may bereported by entity along the previously defined information. Each entity documentationset will now consist of:a)A definition of each entityb)A list of primary, alternate, and foreign key attributesc)A list of owned nonkey attributesd)A definition of each owned attribute (both key and nonkey)e)A list of relationships in which the entity is the parent:1)generic entity of a categorization2)identifying parent relationships3)non-identifying parent relationshipsf)A list of relationship(s) in which the entity is the child:1)category entity of a categorization2)identifying child relationships3)non-identifying child relationshipsg)A definition of any dual path assertionsThe optional individual entity diagrams may also be expanded to show nonkey attributes.Relationship definitions may be repeated within the documentation set for each entity orlisted separately with a cross-reference to the entity. Key and nonkey attributes shouldalso be listed and cross-referenced to the entities.

has uses is used as has matriculates in

P teaches

Instructor-Type

Full-time

Instructor-ID (FK)

Instructor-ID

Instructor

Semester-No

Semester

Course-Code

Course

Soc-Sec-No

Student

Enrollment

Soc-Sec-No (FK)Course-Code (FK)Semester-No (FK)Section-No (FK)

Enrollment-Type

Grade

Audit

Soc-Sec-No (FK)Course-Code (FK)Semester-No (FK)Section-No (FK)

Part-time

Instructor-ID (FK)

Textbook-No

Textbook

Offering

Course-Code (FK)Semester-No (FK)

Class-Text

Textbook-No (FK)Course-Code (FK)Semester-No (FK)Section-No (FK)

Class-Section implemented by

Student-NameStudent-Address

Course-NameStd-Cred-Hrs

Start-DateEnd-Date

Instructor-NameInstructor-AddrDegreeInstructor-Type

Annual-Salary

Hourly-Rate

Act-Cred-Hrs

Textbook-NamePub-Co-Name

Date-EnrolledEnrollment-StatusEnrollment-Type

Soc-Sec-No (FK)Course-Code (FK)Semester-No (FK)Section-No (FK)Class-Date

Attendance

Attendance-Status has

Course-Code (FK)Semester-No (FK)Section-NO

Figure A3.24. Example of Phase Four Function View Diagram

89A4. Documentation and ValidationA4.1 Introduction

The objective of IDEF1X is to provide a consistent integrated definition of the semanticcharacteristics of data which can be used to provide data administration and control forthe design of shareable databases and integration of information systems. This meansthat the models must be well documented and thoroughly validated by both businessprofessionals and systems professionals. Once an initial model has been built andvalidated, configuration management of data models may become an importantconsideration as new models are developed and integrated with existing models.Much of the work of model documentation and configuration management can be easedthrough the use of software tools. At the simplest level of support a word processingsystem can be used to maintain the definition of entities, relationships and attributes.Standard interactive graphics packages may be used to create diagrams. These tools arelimited in their benefit, however, because they do not take the model content intoaccount. Most commercial data dictionary systems do not support the definition ofsemantic data models. However, some of the data dictionary systems have a userdefinable section which can be set up to store definitions and provide various reports.Another alternative is to construct a simple database to house the model description andto use the DBMS query facilities to generate various reports. The active three-schemadictionary of the U. S. Air Force Integrated Information Support System (I2S2) itself isimplemented with a relational database management system. Special modeling softwarehas also recently become commercially available. Important features for a modelingsoftware tool include:a)automated generation and layout of model diagrams,b)merging of data models,c)consistency-checking and automated refinement of models against the modelingrules,d)reporting capability, ande)configuration management support.Although some level of automated support is highly desirable, it is not required forIDEF1X modeling. The following sections will discuss model documentation andvalidation issues assuming a minimum level of automated support.

A4.2 IDEF1X Kits

A kit is a technical document which may contain diagrams, text, glossaries, decisionsummaries, background information, or anything packaged for review and comments.Each Phase of an IDEF1X modeling project requires the creation of one or more kits forreview by subject matter experts and approvers of the model. Figure A1 summarizes thekit review cycle. If a kit is sent out for written comments, the author must alwaysrespond to the reviewer�s comments. As an alternative to distributing kits for writtencomment, model walk-throughs may be used to gain reviewer consensus. Walk-throughsare discussed in Section A4.4.

90Author

Library

Commenter

Producesnew kit

Writesreactions to comments

New kit

Commented kit

Writes commentson kit

Reviewsauthor�s reactions

Control copy

Control copy toauthorfile

Kit toreaderfile

Kit with reactions

Discussion requestedby author orcommenter

Figure A1. Kit Cycle

Each person participating in a project may wish to maintain a file of documentationreceived. A library function, however, should be established to maintain the master andreference files for each kit. The library function also serves as a distribution mechanismfor kit review. A complete explanation of library files is given in the �ICAM ProgramLibrary Maintenance Procedures.�Although more than one kit may be used for each phase of modeling, the following is asummary of the overall kit contents which should be generated:a)Phase Zero Kit1)Kit cover sheet2)Statement of purpose and scope3)Model development and review schedule4)Team membership and roles5)Source materials (optional)6)Author conventions (optional)b)Phase One Kit1)Kit cover sheet2)Entity pool3)Entity definitionsc)Phase Two Kit1)Kit cover sheet2)Relationship matrix (optional)3)Phase Two (entity-level) diagrams

914)Entity reports (definition and relationships)5)Relationship definitions6)Relationship/entity cross-referenced)Phase Three Kit1)Kit cover sheet2)Phase Three (key-level) diagrams3)Entity reports (definition, relationships, assertions, and keys)4)Attribute pool5)Relationship definitions6)Key attribute list and definitions7)Relationship/entity cross-reference8)Key attribute/entity cross-referencee)Phase Four Kit1)Kit cover sheet2)Phase Four (attribute-level) diagrams3)Entity reports (definition, relationships, assertions, keys and attributes)4)Relationship definitions5)Attribute list and definitions (key and nonkey)6)Relationship/entity cross-reference7)Attribute/entity cross-reference (key and nonkey)

A4.3 Standard Forms

Cover SheetAn appropriate cover sheet distinguishes the material as a kit. The cover sheet has fieldsfor author, date, project, document number, title, status, and notes. Complete one CoverSheet for each kit submitted and fill in the following fields on the Cover Sheet (SeeFigure A4.2).

NODE:

TITLE:

NUMBER:

READER NOTES:

1 2 3 4 5 6 7 8 9 10

DATE:

REV:

AUTHOR:

PROJECT:

WORKING

DRAFT

PUBLICATION

READER

DATE

LOG

FILE

AUTHOR

DOCUMENT NUMBER

COPYING INSTRUCTIONS:

as soon a possible

by

RESPONSE REQUIRED: CONTENTS:

Pg

Node

Title

CV Number

Status

Total

COMMENTS: UPDATE REPLACE

SPECIAL INSTRUCTIONS

New KitTo Modeler Due Back

CommentsTo Author Due Back

no author copy

COVERSHEET

ResponseTo Reader

Received

Completed

Normal

Fast

Slow

None

READERS:

RECOMMENDED

A

B

C

D

E

F

H

I

J

L

G

Model File

with this kit

extra author copies

Copies of

Pages

K

M

N

}

ACBDFigure A4.2. Kit Cover Sheet

93a)Working Information ( Figure A4.2 note A)1)Author or team generating the model2)Project name and task number3)Date of original submission to library4)Dates of all published revisions5)Status of the model, either working, draft, recommended for acceptance, orpublication as final model6)Reader signature and date after his/her reviewb)Reviewer Information ( Figure A4.2 note B)1)Filing and copying information2)List of kit reviewers3)Schedule date for various stages of kit cyclec)Content Information ( Figure A4.2 note C)1)Table of contents for the kit2)Status of each kit section3)Comments or special instructions to librariand)Identification Information ( Figure A4.2 note D)1)Model name (�Node�) e.g. MFG-12)Title of the model3)Page numberStandard Diagram FormThe Standard Diagram Form ( Figure A4.3) has minimum structure and constraints. Thesheet supports only the functions important to the discipline of structured analysis:a)Establishment of contextb)Cross-referencing between diagrams and support pagesc)Reader Notes about the content of each sheetThe diagram form is a single standard size for ease of filing and copying. The form isdivided into three major sections:a)Working information ( Figure A4.3 note A)b)Message field ( Figure A4.3 note B)c)Identification fields ( Figure A4.3 note C)

94

NODE:

TITLE:

NUMBER:

WORKING

DRAFT

RECOMMENDED

PUBLICATION

READER

DATE

CONTEXT:

USED AT:

AUTHOR:

PROJECT:

READER NOTES: 1 2 3 4 5 6 7 8 9 10

DATE:

REV: CA

BFigure A4.3. Standard Diagram Form

95The form is designed so that the working information at the top of the form may be cutoff when a final approved-for-publication version is completed. The Standard DiagramForm should be used for everything created during the modeling efforts includingpreliminary notes.a)Working Information1)The Author/Date/Project FieldsThis tells who originally created the diagram, the date it was first drawn,and the project title under which it was created. The Date Field maycontain additional dates, written below the original date. These datesrepresent revisions to the original sheet. If a sheet is released without anychange, no revision date is added.2)The Reader Notes FieldThis provides a check-off for reader notes written on the diagram sheet.As comments are made on the page, the notes are successively crossedout. This provides a quick check for the number of comments.3)The Status FieldThe status classifications provide a ranking of approval.Working:The diagram is a major change, regardless of the previous status.New diagrams are working copy.Draft:The diagram is a minor change from the previous diagram, and hasreached some agreed-upon level of acceptance by a set of readers. Draftdiagrams are those proposed by a task leader, but not yet accepted by areview meeting of the technical committee or coalition.Recommended:Both this diagram and its supporting text have beenreviewed and approved by a meeting of the technical committee orcoalition, and this diagram is not expected to change.Publication:This page may be forwarded as is for final printing andpublication.4)The Reader/Date FieldThis is where a commenter initials and dates each form.5)The Context FieldThis field is not used when developing IDEF1X models.6)The Used At FieldThis is a list of diagrams that use this sheet in some way.

96b)Message FieldThe Message Field contains the primary message to be conveyed. In IDEF1X,this field may contain diagrams, function views, definitions, matrices, indices, etc.The author should use no paper other than diagram forms. A standard matrixdiagram as shown in Figure A4.4 can be used for a variety of purposes.c)Identification Fields1)The Title FieldThe Title Field contains the name of the material presented on theStandard Diagram Form. If the Message Field contains an entity diagram,the contents of the Title Field must precisely match the title of the subjectentity.2)The Number FieldThis field contains all numbers by which this sheet may be referenced.Which includes the following:a)C-NumberThe C-number is composed of the author�s initials followed by anumber sequentially assigned by the author. This C-number isplaced in the lower left corner of the Number Field and is theprimary means of reference to a sheet. Every diagram form usedby an author receives a unique C-number. When a model ispublished, the C-number may be replaced by a standard sequentialpage number (e.g., pg. 17).b)Page NumberA kit page number is written by the librarian at the right-hand sideof the Number Field. This is composed of the document numberfollowed by a number identifying the sheet within the document.

A4.4 The IDEF Model Walk-Through Procedure

In addition to the kit cycle, a walk-through procedure has been developed. Thisprocedure may be used when the participants in building a model can be assembled forcommenting:a)Present the model to be analyzed by using its entity pool. This is the model�stable of contents and gives the reviewers a quick overview of what is to come.b)Present a glossary of terms. This will allow each reviewer to replace personalmeanings of words with those that the presenting team has chosen. The meaningsshould not be questioned at this point. A change in meaning would require manychanges in the diagrams.c)Present function view diagrams for review.

97

USED AT:

AUTHOR:

PROJECT:

READER NOTES:

1 2 3 4 5 6 7 8 9 10

DATE:

REV:

CONTEXT

NODE:

TITLE:

NUMBER:

#

B

WORKING

DRAFT

PUBLICATION

READER

RECOMMENDED

DATE

ACFigure A4.4. Matrix Form

98The function view walk-through process is an orderly, step-by-step process wherequestions can be asked that may identify potential weaknesses in the model. Six steps ofa structured walk-through follow.Model corrections may be proposed at any step. These corrections may be noted forexecution at a later date or adopted immediately.Step 1: SCAN THE ENTITY POOLThis step allows the reader to obtain general impressions about the content of the model.Since the entity pool also lists deleted entities, the reader gets a better feel for theevolution of the model to its current state. At this point, the reader should examine thedefinitions of the entities.Criteria For Acceptance:a)The chosen entities represent the types of information necessary to support theenvironment being modeled.b)The chosen entities are, in the reviewer�s opinion, relevant based on the purposeand scope of the model.Unless a problem is very obvious, criticism should be delayed until Step 2 below.However, first impressions should not be lost. They might be put on a blackboard or flipchart pad until resolved.Step 2: READ THE FUNCTION VIEW DIAGRAMOnce the reader understands the entities, the diagram is read to determine if therelationships are accurately represented.Criteria For Acceptance:a)The relationship cardinality conforms to the refinement rules defined in theIDEF1X Manual.b)All required relationships are shown either directly or indirectly.c)The diagram is structured so it is easy to read (minimal line crossing, relatedentities are located close to each other).d)Assertions are documented.Step 3: EXAMINE THE KEY ATTRIBUTESThis step serves to verify that the specified key will in fact uniquely identify one instanceof an entity. The reader verifies that all members/attributes of the primary key arenecessary.Criteria For Acceptance:a)The values of the primary key attributes in combination uniquely identify eachinstance within the entity.

99b)The primary key attributes are not in violation of the No-Repeat Rule, and nonemay be null.Step 4: EXAMINE THE KEY ATTRIBUTE MIGRATIONThis step examines the migration of primary keys from the parent to the child entities.Criteria For Acceptance:a)The primary key migration conforms to the modeling rules.b)The owner entities of all foreign keys are present in the model.c)Primary key migration is consistent with the relationship.Step 5: EXAMINE NONKEY ATTRIBUTESThe attributes that are not members of the primary key are analyzed for each entity.Criteria For Acceptance:a)The attributes do not violate the No-Repeat Rule.b)The attributes serve to capture information that is within the scope of the model.c)Each attribute is unique within the model.Step 6: SET THE STATUS OF THE DIAGRAMa)Recommended as it stands.b)Recommended as modified.c)Draft: Too many changes made, a redraw is necessary, and future review isrequired.d)Not Accepted: A complete re-analysis is required.

100Annex B FormalizationB.1 IntroductionB.1.1 Objectives

The purpose of the formalization is to state precisely what the modeling constructs ofIDEF1X mean by providing for each construct a mapping to an equivalent set ofsentences in a formal, first order language. The graphic language can then be considereda practical, concise way to express the equivalent formal sentences.IDEF1X incorporates elements of the relational model, the ER model, and generalization.Notions of views, glossary, and levels of model are added to address the problems ofscale that are encountered in practice. The result is that IDEF1X cannot be formalizedstrictly in terms of, for example, the relational model. Instead, first-order logic is useddirectly. In order to increase the accessibility of the formalization, only a limited subsetof logic is used - essentially what is covered in an introductory course.Part of the formalization relies on a meta model for IDEF1X. The relations assigned byinterpretations in the formalism can be viewed informally as the familiar sample instancetables used in IDEF1X. The formal sentences of the modeling constructs can be viewedinformally as a rudimentary query language on the instance tables. The meta model,instance tables, and the query language points of view should be useful in their own right,independent of the detailed formalism.The formalization is intended to set a firm base for building on the meaning of theIDEF1X constructs in such areas as SQL or other code generation, transformations to andfrom other modeling styles, integration with other kinds of models, capturing dynamic aswell as static properties. Each of these requires the precisely defined semantics providedby a formalization.

B.1.2 Overview

The formalization has two phases. First, a procedure is given whereby a valid IDEF1Xmodel can be restated as a first order theory. The objective is to precisely state thesemantics of a valid IDEF1X model. The qualification �valid� is important - if theformalization procedure is applied to an invalid IDEF1X model, the result is meaningless.Second, the procedure is applied to a (valid) meta model of IDEF1X in order to formallydefine the set of valid IDEF1X models.

B.1.2.1 An IDEF1X Theory

An IDEF1X model consists of one or more views (of entities, attributes, and relationshipsexpressed for example as diagrams, language, or tables) plus a set of glossary definitionsfor at least all the entities and domains used (directly or indirectly) by those views. Theformalization procedure generates a corresponding IDEF1X theory in first order logic.First order logic can be considered a formal version of those aspects of natural languagethat are used to describe and reason about things. Individual things are referred to usingconstant, variable, and function symbols; relations between things are stated usingpredicate symbols; and sentences about the relationships of things are stated with logicalconnectives such as and, or, and not, and the quantifiers for all and for some.

101A first order theory consists of the language of first order logic in which the constant,function, and predicate symbols are restricted to a certain vocabulary, plus a set ofsentences (called axioms) in that language.The starting point for the IDEF1X theory is first order logic with equality. Thevocabulary and axioms for the theories of integers and lists are assumed. The additionalvocabulary and axioms for IDEF1X come from the following essential ideas:

Each entity class with n attributes becomes an (n+1)-ary predicate symbol.

The predicate relates an entity instance to its attribute values. If an entity classwhose first attribute is a1 and second is a2 is represented by the 3-ary predicatesymbol p, then p(I,A1,A2) means that the individual identified as

I is a member ofthe entity class and, as a member of the class, has an a1 attribute value of

A1 andhas an attribute a2 attribute value of

A2. IfA1 (or A2) isnull, it means that (theindividual identified by)

I does not have a value for a1 (or a2).Each relationship becomes a binary predicate symbol.

The predicate relates(the identity of) an instance of the parent to (the identity of) an instance of thechild. If the relationship is represented by the binary predicate symbol r, then r( I,J ) means that (the individual identified as)

I is a parent of (the individualidentified as)

J.A predicate ( exists

) is defined that says whether or not an entity or domaininstance exists.

Note that isnot the existential quantifier.

exists C: I means that

C: Iis an existing entity (or domain) class instance where if

C is anentity class,

I is an entity identifier, and if

C is a domain class,

I is a representationvalue. Note that the term

C: I merely names something that might be a classinstance.

C: I is in fact an existing class instance if and only if holds.

A predicate ( has) is defined that says whether or not an entity instance has acertain attribute value or is related to a certain other entity instance.

C: Ihas P: V means that the entity class instance

C: I has a value for property

P andthat value is

V. The property,

P, can be an attribute or a participant property. If

Pis an attribute, the value,

V, is a domain instance. Participant properties arisefrom relationships; each entity in a relationship has a participant property for theentity it is related to. If

Pis a participant property, the value,

V, is (the identifierof) the related entity instance. ( hasis also defined in a limited way for domains.)

Rules (axioms in the theory) are written using andhasthat constrainthe entity, domain, and relationship predicates.

The underlying n-ary andbinary predicates are not used directly. Instead, the formal meaning of theIDEF1X modeling constructs are expressed in terms of the existence of classinstances and the property values of those instances. Informally, the sentenceswritten with and hascan be thought of as a rudimentary query languagefor sample instance tables.What is modeled by IDEF1X are the things of concern to the enterprise, not the names ofthe things, and not the data about the things (unless the names and data are themselves ofconcern, as for example in a model for a repository). That is, an IDEF1X model isintended to be a conceptual model of the things of concern to the enterprise. This universe of discourse

(UOD) has an independent existence and reality outside any modelof it. At any point in time, the UOD is in a certain state, that is, certain entity instancesexist, have certain property values, and have certain relationships to other entity

102instances. For any state of the UOD, some sentences are true and other sentences arefalse. For example, in a given state, the sentence that the part named top has a quantityon hand of 17 is either true or false. Similarly, the sentence that every vendor has adistinct vendor number is either true or false. Some states of the UOD are possible;others are impossible. For example, it is possible that a part named top has a quantity onhand of 17. It is impossible that the quantity on hand be Tuesday. It is worth repeatingthat the UOD has an existence and reality independent of any model of it. Sentencesabout the UOD are true or false independent of any model of it.An IDEF1X model is considered correct if it matches the UOD in relevant ways. Acorrect IDEF1X model admits all possible states of the UOD and rejects all impossiblestates that are in direct conflict with the explicit assertions of the model. In other words,an IDEF1X model is correct if the sentences it insists be true (the axioms) are in fact truein all possible states of the UOD and are false in all impossible states.Truth is defined in terms of interpretations. An interpretation assigns to the symbols ofthe theory elements from the UOD. In particular, an interpretation assigns a relation toeach predicate symbol. As a result, the sentences in the theory become sentences aboutthe UOD and their truth is determined according to the reality of the UOD. In this way,each sentence is either true or false in the interpretation. (Note that the term relation isbeing used here in its mathematical sense as a set of n-tuples.)An interpretation is called a model for a theory if all axioms of the theory are true in theinterpretation. (The italicized indicates the logic usage of the term.) An IDEF1Xmodel is correct if and only if the theory corresponding to it has as models all and onlythose interpretations that assign possible states of the UOD to the symbols of the theory.In the formalization, an entity class (or relationship) becomes a predicate symbol. Inlogic, an interpretation assigns a relation to the predicate symbol. In the intendedinterpretation, the UOD for an IDEF1X model consists of views, entities, domains,domain instances, view entities, view entity instances, view relationships, viewrelationship instances, view entity attributes, and view entity attribute values. These areinformally shown in IDEF1X by sample instance tables.The informal instance table is a representation for the formal relation assigned to thepredicate symbol. This is illustrated in the following figure.

103Informal

Formal

Entity Class

Relationship

SampleInstanceTable

formalize as

Predicate Symbol

Relation

interpretationasigns showexampleswith is a representation of

In the context of the formalization, the sample instance tables present a (possible) UOD.The UOD for TcCo includes instances of parts and vendors, attribute values for theinstances, and relationships between the instances. Examples of each of these are givenbelow. Note the UOD is not a set of tables; the tables are simply used to present apossible UOD.

B.1.2.2 An IDEF1X Meta Model

After specifying the mapping of an IDEF1X model to a first order theory, an IDEF1Xmeta model is defined. Constraints on the model are expressed using the first orderlanguage. These constraints become part of the IDEF1X theory for the meta model. Avalid IDEF1X model is then defined as a model of the IDEF1X theory for the metamodel.

B.1.3 Example

The Table and Chair Company, TcCo, buys parts from vendors and assembles them intotables and chairs. Concepts such as part, vendor, quantity_on_hand, and so on are ofconcern to TcCo. This universe of discourse, or UOD, has an existence and reality inTcCo independent of any model of it. That UOD is described below using an IDEF1Xdiagram, domain structure, and sample instance tables. The terminology of theformalization is related to TcCo and the IDEF1X constructs.The sample instance tables represent the relations assigned by an interpretation to theentity predicate symbols and the relationship predicate symbols.

104part part_name qty_on_handbackup_price (O)backup_vendor_no.vendor_no (FK) structure_item comp_part_name.part_name (FK)assy_part_name.made_part_name (FK) qty_each made_part standard_cost made_part_name.part_name (FK) vendor_name vendor_no vendor brought_part standard_pricestandard_vendor_no.vendor_no (FK)(AK1)vendor_part_id (O)(AK1)reorder_point (O)reorder_qty (O) brought_part_name.part_name (FK)

is backup vendor for/backup vendor part_type goes into/ component pis made of/assembly is standardvendor for/standard-vendor

B.1.3.1 Diagram

A Production View of The Table and Chair CompanyThe diagram above is a production view of the entities, attributes, and relationships ofconcern to TcCo.

A marketing view might include part with a different set of attributes,omit the other entities, and add an entity for customer. The entity classes labeled

�part� in the production and marketing views are distinct entity classes. It is the entity in aview, or view entity, that constitutes the entity class. For that reason, the terms viewentity and entity class will be used synonymously. Above, the entity class productionpart is denoted formally by production: part

. That is, the function application denotes (evaluates to) the entity class. Relationships exists betweenentity classes. Above, production part is related to production vendor.

It is view entities that have attributes. Above, the view entity has fiveattributes, among them part_name, qty_on_hand

. This means that eachinstance of potentially has a part_name value

, a qty_on_hand value,and so on for each of its attributes. Because is the primary key, it isconstrained to have a value for every instance of part. The value of the attribute of is an instance of the domain. The value of the qty_on_hand domain.

105reorder_point

qty_on_hand assy_part_name qty_each reorder_qty bought_part_name comp_part_name quantity numeric made_part_name part_name standard_price standard_cost backup_price backup_vendor_no standard_vendor_no vendor_name money vendor_part_id character part_type name vendor_no

The diagram shows domains, such as andquantity

, shows datatypes, suchas

, and shows relationships between them, such as every instance of is an instance of

, and the representation of is a number.(In other contexts, the term type is used to refer to what is called here domain.)In the context of the formalization, the domains and their relationships are in the UOD forTcCo. They have an existence and reality outside any model of them.Note that the attribute is named by the domain. Saying that a view entity has an attributeX is just a way of saying that the view entity is related to the domain X.In the context of the formalization, the view production, the entity part, the view entity production part

, the relationships, and the attributes are all in the UOD for TcCo. Theyhave an existence and reality outside any model of them.

B.1.4.2 Domains

The domain hierarchy for TcCo is illustrated below. (The diagram syntax is not part ofIDEF1X.)

106partpart_nameqty_on_handbackup_vendor_nopart_typebackup_price

(i1)table2000nullmnull

(i2)top1717m800

(i3)leg310m10

(i4)shaft710b8

(i5)foot340b6

(i6)screw10040b2

(i7)plank0nullbnull

(i8)seat2nullmnull

B.1.3.3 Sample Instances

The UOD for TcCo includes instances of parts and vendors, attribute values for the instances,and relationships between the instances. These are shown below as sample instance tables.made_partmade_part_namestandard_cost

(i1)table300

(i3)leg5

(i2)top100

(i8)seat50 vendorvendor_novendor_name

(i101)10Acme

(i201)17Babcock

(i301)30Cockburn

(i401)40Dow

(i501)50Eisenhower

(i601)60Fum bought_partbought_part_namestandard_pricestandard_vendor_novendor_part_idreorder_pointreorder_qty

(i4)shaft617571015

(i5)foot310nullnull7

(i6)screw13010ab-333040

(i7)plank430nullnullnull structure_namecomp_part_nameassy_part_nameqty_each

(i17)screwtable4

(i27)toptable1

(i37)legtable4

(i47)screwleg4

(i57)shaftleg1

(i67)footleg1

(i77)planktop1

(i97)plankseat1

107(production:part): i1 has qty_on_hand: (qty_on_hand: 2000) view entity instanceidentity attribute domain view entityaka entity class domain instance=value of attribute instance view entity instanceaka entity class instance attribute instance representation=value of domain instance

The (iN) at the left of the tables above represent the identity of a �thing� that, in the TcCoUOD, is classified as being a member of the entity class corresponding to the table. Inthis case, the individual identified as i1 is classified as both a production part and a production made part.

A individual considered as an instance of a view entity is called a view entity instance.The instance tables above show view entity instances, such as production part i1 andproduction made_part i1

, denoted formally as

( production: part ): i1 and

(production: made_part ): i1 respectively. The instance tables show all the instances ofan entity class. Formally, existence is indicated by propositions such as exists (production: part ): i1, exists ( production: made_part ): i1

, and exists ( production:part ): i101

. According to the sample instance tables, the first two of these propositionsare true and the last is false.The values of the attributes of a view entity instance are aligned in rows and columns,one row for each view entity instance and one column for each attribute.The value of an attribute is an instance of a domain, so each cell in fact specifies adomain instance, such as qty_on_hand 2000 qty_on_hand: 2000

.The value shown, such as

2000

, is the representation portion; the domain is given by thecolumn heading. Note that the column heading is both the name of the attribute and thename of the domain.The special symbol null indicates that a view entity instance has no value for an attribute;

null is not a member of any domain.The part table shows that has a qty_on_hand value of

.Axioms in the formal theory allow this to be stated formally by a has proposition. Thefigure below shows the has proposition and the terminology used.

108standard_vendoris standard vendor forvendorbought_part

(i201)(i4)

(i101)(i5)

(i301)(i6)

(i301)(i7) backup_vendoris backup vendor forvendorpart

(i201)(i2)

(i101)(i3)

(i101)(i4)

(i401)(i5)

(i401)(i6) componentgoes intopartstructure_item

(i2)(i27)

(i3)(i37)

(i4)(i57)

(i5)(i67)

(i6)(i47)

(i6)(i17)

(i7)(i77)

(i7)(i97) assemblyis made ofmade_partstructure_item

(i1)(i17)

(i1)(i27)

(i1)(i37)

(i3)(i47)

(i3)(i57)

(i3)(i67)

(i2)(i77)

(i8)(i97)

Sample instances of relationships for the TcCo production view are shown below. Thereis one table for each relationship, named for the relationship. Each table has twocolumns, named for the participating entities. Each row of a table is an ordered pairconsisting of the identities of the participating instances.The first table indicates that production bought part i4 has standard vendor i201. Axiomsin the formal theory allow this to be stated by the has proposition

( production: bought_part ): i4 has �standard vendor�: i201.

Here, � standard vendor�: i201 is called a participant instance, and i201 is an entity classinstance, referred to as the value of the participant instance.

B.1.4 First Order Language

The formalization is done using the language of first order logic with equality. Thissection describes the notation used.

B.1.4.1 Truth Symbols

The truth symbols are true and false.

B.1.4.2 Constant Symbols

A constant symbol denotes an individual. The constant symbols are any positive integer,any character string bounded by single quotes, or any alphanumeric character stringbeginning with a lowercase letter. In addition, the special symbol [ ] is considered aconstant. The underscore (_) is considered an uppercase letter. For example,

3, part,�standard vendor�, [ ]

, and qty_on_hand are constants.

109B.1.4.3 Variable Symbols

A variable symbol denotes an individual, just which individual being unknown. Avariable is any alphanumeric character string beginning with an uppercase letter, possiblysubscripted. The underscore (_) is considered an uppercase letter. For example,

PartName, Part_Type

, and

X2 are variables.

B.1.4.4 Function Symbols

A function symbol denotes a function. Each function symbol has an associated arity

; apositive integer specifying the number of arguments it takes. The only functions used arethose for integer arithmetic, naming, and list construction. They are described in theVocabulary section.

B.1.4.5 Terms

A term denotes an individual. A term consists of a constant, or a variable, or a functionapplication where each argument to the function is a term.

B.1.4.6 Predicate Symbols

A predicate symbol denotes a relation. Each predicate symbol has an associated arity, apositive integer specifying the number of arguments it takes. The predicate symbols arethe usual special symbols for less than, equal to or less than

, and so on, plus anyalphanumeric character string beginning with a lowercase letter. The underscore (_) isconsidered an uppercase letter.

B.1.4.7 Equality Symbol

The equality symbol

= is written in infix form. The proposition

T1 = T2 means that terms

T1 and

T2 denote the same individual.

B.1.4.8 Propositions

A proposition proposes that a certain relation holds between individuals. A proposition iseither true or false. A proposition consists of a truth symbol (e.g., true), or an equalityproposition (e.g.,

X = Y

), or a predicate symbol applied to its arguments in prefix form(e.g., entity( part )

), infix form (e.g.,

X < Y

), or prefix operator form (e.g., existsqty_on_hand: 2000

). Each argument to a proposition is a term.

B.1.4.9 Sentences

Every proposition is a sentence. More complex sentences are composed (recursively)from simpler sentences using the logical connectives and quantifiers. The notation usedfor the logical connectives is given below in the order of precedence, from tight to loose.(Precedence is used to avoid parenthesis.) In the table,

FandG are arbitrary sentences inthe language.

110ConnectiveSymbolComposed SentenceComposed Sentence istrue if ...

negation notnot

FF is false conjunction

,F, GF is true and

G is true disjunction orF orGF is true or implication if thenif

F then

GF is false or equivalence iffF iffGF and

G are both trueor both false

The notation used for the quantifiers is given in the table below.

F is an arbitrarysentence in the language.

QuantifierSymbolComposedSentenceComposed Sentence istrue if ...

universal for all( for all X ) (

F )F is true of everyindividual in the UOD existential for some( for some X ) (

F )F is true for someindividual in the UOD

The informal abbreviation

( for all X1, X2, ..., Xn ) (

F )means the same as

( for all X1 ) ( for all X2 ) ... ( for all Xn ) (

F ).A variable which is not within the scope of any quantifier is said to be free.

The informalabbreviation

( for all * ) (

F)means the same as

F )where

X1, X2, ..., Xn are the free variables in

F.Existential quantification

( for some ) is abbreviated in the analogous way.A closed sentence is a sentence which does not contain any free variables.

B.1.4.10 Incremental Definitions

A definition for a predicate gives its necessary and sufficient conditions. The usual wayto state a definition is with a closed sentence

( for all X1, X2, ..., Xn ) ( p( X1, X2, ..., Xn ) iff

F)In the formalization, it is convenient to develop definitions incrementally by stating sufficientconditions � the if-part � as they arise. This is done by a closed sentence such as

( for all X1, X2, ..., Xn ) ( p( X1, X2, ..., Xn ) if defF).This is an abbreviation for

( for all X1, X2, ..., Xn ) ( if

F then p( X1, X2, ..., Xn ) )

111but with the added meaning that it is part of a definition. Note that each increment

(ifdef )of a definition gives just a sufficient condition � an if-part. It is therefore not possiblefor the increments to contradict one another. A rule such as p( k1, k2, ..., kn ) where each ki is a constant is treated as

( for all X1, X2, ..., Xn ) ( p( X1, X2, ..., Xn ) if defX1 = k1, X2 = k2, ..., Xn = kn )

Mixtures of variables and constants are treated in the analogous way.The definition is completed by stating the necessary condition � the only if � in acompletion axiom. The necessary condition is that one or more of the sufficientconditions hold.Let defF1 )( for all X1, X2, ..., Xn ) ( p( X1, X2, ..., Xn ) if defF2 )...( for all X1, X2, ..., Xn ) ( p( X1, X2, ..., Xn ) if defFm )be closed sentences stating each of the sufficient conditions for p. (Where the variableshave been renamed as necessary.) Then the completion axiom for p is( for all X1, X2, ..., Xn )( if p( X1, X2, ..., Xn ) then

F1 orF2 or ... or

Fm ).Incremental definitions allow stating what is known to be true about a predicate, one truthat a time. The completion axiom says that nothing else is true. Incremental definitionsintroduce no new expressive power; they are simply a convenient abbreviation. Thecombination of the incremental definitions and the completion axiom is equivalent to theclassical definition

( for all X1, X2, ..., Xn )( p( X1, X2, ..., Xn ) iff

Fm ).For example, suppose the following represent everything to be known about wine andlikes.wine( port ).wine( burgundy ).likes( carol, port ).( for all * ) ( likes( alice, X ) if def wine( X ) ).( for all * ) ( likes( bob, X ) if def likes( X, Y ), wine( Y ) ).

These sentences are equivalent to the following universally quantified sentences.

( for all X1 ) ( wine( X1 ) if def X1 = port ).( for all X1 ) ( wine( X1 ) if def X1 = burgundy ).( for all X1, X2 ) ( likes( X1, X2 ) if def X1 = carol, X2 = port ).( for all X1, X2 ) ( likes( X1, X2 ) if def X1 = alice, wine( X2 ) ).( for all X1, X2 ) ( likes( X1, X2 ) if def X1 = bob,( for some Y ) ( likes( X2, Y ), wine( Y ) ) ).

(The last sentence distributes quantification based on the following identity.

112If the variable

Y does not occur free in

G, then

( for all Y ) ( if

F then

G )if and only ifif ( for some Y ) (

F ) then

G )The completion axioms below ensure that in any interpretation which is a model, nothingwill be true of wine and likes except what is stated above or is derivable from it.

( for all X1 ) ( if wine( X1 ) then( X1 = port )or ( X1 = burgundy ) ).( for all X1, X2 ) ( if likes( X1, X2 ) then( X1 = carol, X2 = port )or ( X1 = alice, wine( X2 ) )or ( X1 = bob, ( for some Y ) ( likes( X2, Y ), wine( Y ) ) ).likes( bob, alice) and likes( carol, port ) hold in any model

. Without the completionaxiom, likes( carol, burgundy ) likes( alice, carol ) could also hold. With thecompletion axiom they cannot.

B.2 Generating an IDEF1X Theory From an IDEF1X Model

An IDEF1X model consists of one or more views (of entities, attributes, and relationshipsexpressed for example as diagrams) plus a set of glossary definitions for at least all theentities and domains used (directly or indirectly) by those views. The formalizationprocedure generates a corresponding IDEF1X theory in first order logic.In order to simplify the formalization, all alias entities and domains (attributes) in viewsare replaced by their corresponding real entities and domains (attributes) prior to applyingthe formalization procedure. If necessary, this step is applied repeatedly, until no aliasesremain. In effect, the formalization is done on models in which views do not contain anyaliases.A view is formalized by formalizing a model containing only that view.The formalization procedure for a model is:1. Include the constant, function, and predicate symbols common to all IDEF1X theories.2. Include the axioms common to all IDEF1X theories.3. Add the predicate symbols for view entities and relationships.4. Add the glossary, entity, domain, attribute, specific connection relationship, non-specific connection relationship, categorization relationship, primary and alternate key,foreign key, and constraint axioms.5. Add completion axioms for view, entity, domain, viewEntity, viewEntityAttribute,viewEntityParticipant, exists, has

, and isa to the theory.6. Add as constant symbols all constants used in any axiom.7. Add the distinct, atomic constants axioms.

113B.3 Vocabulary of an IDEF1X Theory

In this section, the constants, functions, and predicates of an IDEF1X theory are statedtogether with an informal description of their intended meaning and use.

B 3.1 Constant SymbolsB.3.1.1 Constants Common To All IDEF1X Theories

Every IDEF1X theory includes the constant symbols null and

[ ] (meaning the empty list).The constant null means no-value. An entity instance may or may not have a value for anattribute. An attribute �value� of null is interpreted to mean that the attribute has novalue for that entity instance. That is, if the underlying predicate symbol for an entityclass is assigned by an interpretation a relation containing (the individual assigned to) null in a row and column position, it means that the entity instance corresponding to therow does not have a value for the attribute corresponding to the column.

B.3.1.2 Constants Determined By The IDEF1X Model

Any constant symbol that occurs in any axiom of the theory is considered a constant inthe vocabulary of the theory.

B.3.2 Function Symbols

The function symbols for naming, list construction, and addition are common to allIDEF1X theories.

B.3.2.1 Naming

A unique naming function, written

X: Y

, is used to name an object by other objects.Here,

X, and

Y are each elements in the UOD. The function application evaluates toanother, distinct element of the UOD, analogous to 2 + 3 evaluating to 5. The term names the element it evaluates to in the same sense that 2 + 3 names 5. (Unlike theaddition function, where 1 + 4 also denotes 5, the naming function is constrained by anaxiom to be unique.) Note that names an element in the sense of denoting it, not inany lexical sense.In IDEF1X, all entity classes occur within a view. It is therefore convenient to name anentity class by the combination of the view and entity. For example, the entity class forthe partentity in the TcCo production view is named production: part

.The unique naming function is also used to name entity class instances. For example, if is an entity class and

I is an instance, then

( production: part ): I namesthe class instance - what might be thought of as

Ias a production: part

. The sameinstance,

I, might also be an instance of the class production: made_part.

The namingfunction allows class instances to be named in a natural way.As another example, if qty_on_hand is an attribute and QOH is an instance of itsdomain, then qty_on_hand: QOH names an attribute instance. That is, isan attribute, is a domain instance, and is the �intersection� �the domain instance as an attribute instance.

Given an attribute instance such as

114qty_on_hand: QOH, QOH is called the value of the attribute instance or simply thevalue of the attribute.As a final example, if standard_price is a domain and

3 is a representation for the valueof an instance of the domain, then standard_price: 3 names an instance of the domain.

B.3.2.2 List Constructor

The list constructor function is written as

[ X | Y ].

In the intended interpretation,

[ X | Y] is a list with

X as the first element and

Y the rest of the list, where

Y is itself a list.

[ X ]is written for

[ X | [ ] ]

, and

[ X, Y ] is written for

[ X, [ Y | [ ] ] ]

, and so on.

B.3.2.3 Addition

Addition is written as

X + Y

.B3.3 Predicate SymbolsB.3.3.1 Predicate Symbols Common To All IDEF1X TheoriesComparison

Comparison operators are written

X < Y, X £Y

ListsThe proposition list( L ) means

L is a list.The proposition member( List, Member )

Member is a member of the list

List.For example, member( [ 1, 2, 3 ], 2 ) is true;

member( [ 1, 2, 3 ], 4 ) is false.The proposition count( List, Count )

List hasCount elements in it. For example, count( [ a, b, b ], 3 ) is true.The proposition nodup( List )

List has no duplicates. For example, nodup( [ 1,2, 3 ] ) is true.

nodup( [ a, b, b ] ) is false.

atomThe proposition atom( X )

X is neither a non-empty list nor a individual named bythe naming function.

view view( X ) means that

X is a view. For TcCo, view( production ) holds.

entity entity( X )

X is an entity. For TcCo, entity( part )

115viewEntity

In the intended interpretation, viewEntity( X ) means that

X is a view entity. For TcCo, viewEntity( production: part ) holds.

domain domain( X )

X is a domain. For TcCo, domain( qty_on_hand ) aliasIn the intended interpretation, alias( A, R )

A is an alias for

R. For TcCo,there are no aliases.

isaIn the intended interpretation,

X isa Y means that entity (or domain)

X is a subclass ofentity (or domain)

Y. In TcCo, production: made_part isa production: part meansthat in the production view, made_part is a subclass of part.Domain Reference

Xfi Y means that

X references

Y.The domain reference predicate is used to reconcile the conflicting needs of semantictyping, where for example qty_on_hand: 17 is not interpreted as equal to standard_cost: 17

, but a foreign key attribute value such as backup_vendor_no: 101 must reference a primary key attribute value such as vendor_no: 101.

These needs arereconciled by including axioms that ensure that

fivendor_no: 101

is true. The fundamental requirement on role names is that

FKfi PK,where

FK is the foreign key attribute value and

PK the primary key attribute value.

Primitive Datatype

The unary predicate symbols character, numeric

, and boolean are, in the intendedinterpretation, assigned to relations such that character( X ) is true if

X is a characterstring, numeric( X )

X is a number, and boolean( X )

X is true or false.These predicates are not constrained by any axioms; they are undefined primitives. In theTcCo example, it is assumed that is true for alphabetic constants such as top.exists

The unary predicate exists is written as a prefix operator, e.g., exists Term

. Note that is not the existential quantifier.In the intended interpretation, exists C: I means that the entity (or domain) class instance

C: I exists. If

C is an entity class,

I is an entity identifier. If

C is a domain class,

I is arepresentation value. Note that the term

C: I merely names something that might be aclass instance.

C: I is in fact a class instance if and only if

116The exists predicate is defined for a particular IDEF1X model by a series of explicitrules. In this way, exists C: I is true only for certain values of

C and

I - just whichvalues depending on the IDEF1X model.For the TcCo example, the proposition exists ( production: part ): i1 will be true if production is a view, part is an entity, production: part is the view entity productionpart

, and i1 is an instance of production part.

With the TcCo interpretation in thesample instances, the proposition is true. In contrast, exists ( production: part ): i101 isfalse.The predicate is used for two reasons. First, a view entity instance predicate suchas production_part( I ) does not allow quantification over part. Second, an instancepredicate such as instance( production, part, I ) does not use the notions of view entityor view entity instance.

viewEntityAttribute

In the intended interpretation, viewEntityAttribute( X ) means that

Xis a view entityattribute. For TcCo, viewEntityAttribute( ( production: part ): qty_on_hand ) holds.

viewEntityParticipant viewEntityParticipant( X )

X is a view entityparticipant. For TcCo, viewEntityParticipant( ( production: bought_part ): �standardvendor� ) hasThe binary predicate has is written as an infix operator, eg

Term1 has Term2

, where

Term2 is typically of the form

P: V.In the intended interpretation, this means that the entity or domain instance

Term1 has avalue for property

P of the entity or domain class and that value is

V. (Note that null isinterpreted to mean no-value, so if does not have a value for P (i.e., it�s null), the has proposition fails.)For example,

( production: part ): I has qty_on_hand: QOH,( production: bought_part ): I has �standard vendor�: J, andqty_on_hand: 2000 has value: V mean, respectively, thatthe entity instance production part

I has a value for attribute qty_on_hand andthat value is QOH ,the entity instance production bought_part I has a value for participant� standard vendor� and that value is

J,andthe domain instance qty_on_hand: 2000 has a value for the value property andthat value is V.

117The has predicate is defined for a particular IDEF1X model by a series of explicit rules.In this way,

C: Ihas P: V is true only for certain values of

C, I, P

, and

V - just whichvalues depending on the IDEF1X model.The has predicate provides a uniform means of referring to entity or domain instancesand their property values, independent of the relative position of the property in theunderlying predicate for the view entity, independent of whether the property is inherited,and so on.

B.3.3.2 Predicate Symbols Determined By The IDEF1X ModelView Entities

Each entity in a view, where the entity has n attributes, adds an (n+1)-ary predicatesymbol to the vocabulary.In IDEF1X, an entity has attributes only within a view. A view is represented graphicallyby a diagram showing the entities in the view and, for each entity, the attributes it hasaccording to that view. It is the entity in a view, or view entity, that constitutes an entityclass in IDEF1X. Given a set of views (e.g. a set of diagrams), the following proceduregenerates the predicate symbols in the theory that correspond to the entities in the views.For every view, v, in the set of views and for every entity, e, inv, where e has nattributes according to the view v, add an (n+1)-ary predicate symbol v_eto the vocabulary.In the intended interpretation, v_e( I, X1, X2, ..., Xn ) means that the individualidentified as

I is a member of entity class v_e and, as a member of the entity class, mayhave a value for each of its attributes. If

Xk isnull then the individual identified as

I doesnot have a value for attribute k. IfXk is not null, then the individual identified as

I doeshave a value for attribute k. That value is a domain instance and

Xk is the representationportion of the domain instance.For the part entity in TcCo, the result is to add the 6-ary predicate symbol production_part to the vocabulary of the IDEF1X theory for TcCo.

Connection Relationships

Each connection relationship in a view adds a binary predicate symbol to the vocabulary.In IDEF1X, an entity has relationships only within a view. A view is representedgraphically by a diagram showing the entities in the view and their relationships. Given aset of views (e.g. a set of diagrams), the following procedure generates the rules in thetheory that correspond to the connection relationships in the views. For a non-specificrelationship, one entity is consistently treated as the parent.For every view, e1, and an entity, e2, (notnecessarily distinct) in v with a connection between e1 and e2 where e1 is the parent e2 is the child

118n1 is the relationship name from e1 toe2 (and is e2 if there is no name) n2 is the relationship name from e2 toe1 (and is e1 if there is no name)add the binary predicate symbol v_e1_n1_n2_e2 to the vocabulary. (This creates an awkard predicate symbol, but guarentees it to be unique.)In the intended interpretation, v_e1_n1_n2_e2( I, J ) means that the individualidentified as

I is the parent in the relationship of the individual identified as

J.For the TcCo relationship between part and structure_item

, the result is to add thebinary predicate symbol production_part_goes_into_component_structure_item

.B.4 Axioms of an IDEF1X TheoryB.4.1 Axioms Common To All IDEF1X TheoriesB.4.1.1 Non-Negative Integers

The necessary functions, predicates, and axioms are assumed.

B.4.1.2 Lists

B.4.1.3 Equality

The standard equality axioms of transitivity, antisymmetry, and reflexivity are assumed.The standard predicate and function substitutivity axioms for each predicate and functionsymbol are assumed.

B.4.1.4 Unique Naming

Distinct naming and list terms denote distinct individuals.No individual is named by two distinct naming terms.

( for all * ) ( if X1: X2 = Y1: Y2 then X1 = Y1, X2 = Y2 )

.No list is a named object.

( for all * ) ( not X1: X2 = [ Y1 | Y2 ] )

.B.4.1.5 Atoms

An element of the UOD is an atom if and only if it is not in the range of the naming or listconstructor functions.

( for all * ) ( atom( X ) iff not X = Y: Z, not X = [ Y | Z ] ).

B.4.1.6 Entity Identity

To ensure that the entity identities are distinct from the constants, named objects, andlists, add the rule

119( for all * )( if viewEntity( VE ),exists VE: Ithenatom( I ),not I = null,not I = [ ] ) to the theory.To ensure that the identities of entity instances having no generic parent are disjoint, addthe rule

( for all * ) ( if viewEntity( VE1 ),viewEntity( VE2 ),not ( for some X ) ( VE1 isa X ),not ( for some X ) ( VE2 isa X ),exists VE1: I1,exists VE2: I2,not VE1 = VE2then not I1 = I2 ) to the theory. The disjoint instances rule applies to all views and entities.

B.4.1.7 Domain Referencing

An instance of one domain,

D: R

, is said to reference an instance of another domain,

T:R, written

D: Rfi T: R

, ifD either is

Tor is a subtype of

T, directly or indirectly. Addthe axiom

( for all * ) ( D: R

fi T: R iffdomain( D ),exists D: R,( D = T or D isa T or ( for some S ) ( D isa S, S: R fi T: R ) ) )

to the theory.

B.4.1.8 Domain Value

With domain defined as it is here, the value of a domain instance is just its representation.Add the value rule

( for all * ) ( D: R has value: R if def domain( D ), exists D: R )

B.4.1.9 Attribute Domain

To ensure that every attribute is constrained to its domain, add the rule

( for all * )( if viewEntityAttribute(( VE: A ),VE: I has A: ( D: R )then exists D: R ) to the theory. Note that only non-null values are constrained to their domains.

120B.4.1.10 Category Inheritance

A category inherits the properties of its generic parent. Add the inheritance rule

( for all * ) ( VE: I has P: DI if defviewEntity( VE ),exists VE: I,not viewEntityAttribute( VE: P ),not viewEntityParticipant( VE: P ),VE isa VG,VG: I has P: DI ) to the theory. The inheritance rule applies to all views, entities, attributes, andrelationship participants.

B.4.2 Axioms Determined By The IDEF1X ModelB.4.2.1 Glossary

In IDEF1X, entities and domains are defined in a glossary and mapped to one another inviews. In this way an entity such as part may appear in multiple views and have asomewhat different set of attributes in each. In each view, it is required that the entitypart mean the same thing. The intent is that part be the class of all parts. That is,individual things are classified as belonging to the class part on the basis of somesimilarity. It is that sense of what it means to be a part that is defined in the glossary.Given a set of views, entities, and domains, the following procedure generates the rules inthe theory that correspond to the glossary entries.G1. For each view, v, in the set of views, add the rule view( v ) to the theory.G2. For each entity, e, in the set of entities, add the rule entity( e ) to the theory.G3. For each domain, d, in the set of domains, add the rule domain( d ).

to the theory.G4. For each alias, a, for a real entity or domain, r, add the rule alias( a, r ) to the theory.

121Example

For TcCo, the rules for the glossary would include, among others:

view( production )entity( part ) anddomain( part_name ).

B.4.2.2 Entity

In IDEF1X, an entity has attributes only within a view. A view is represented graphicallyby a diagram showing the entities in the view and, for each entity, the attributes it hasaccording to that view. Given a set of views (e.g., a set of diagrams), the followingprocedure generates the axioms in the theory that correspond to the entities in the views.E1. For every view, v, in the set of views and for every entity, e, inv, where e has nattributes according to the view v, do the following.E1.1. Declare the view entity by adding viewEntity( v: e ) to the theory.E1.2. Define the sufficient condition for the existence of an instance of the view entity byadding an instance rule

( for all * ) ( exists ( v: e ): I if def v_e( I, X1, X2, ..., Xn ) ) to the theory.In the intended interpretation, exists ( v: e ): I and v_e( I, X1, X2, ..., Xn ) both meanthat the individual identified as

I is a member of the entity class. This axiom states the if-part of their equivalence. The completion axiom for exists establishes the only-if part ofthe equivalence.

Example

For the part entity in TcCo, the result is to add the following rules to the theory.

viewEntity( production: part ).( for all * ) ( exists ( production: part ): I if defproduction_part( I, X1, X2, X3, X4, X5 ) ).

In the TcCo example, the sample instance table labeled part corresponds to the relationassigned to production_part. The following are true for the sample instances in theexample.

exists ( production: part ): i1.exists ( production: part ): i2.

And so on.

B.4.2.3 Domain

It is the combination of the domain and representation that constitutes the domaininstance. This is formalized by considering the domain element to be that element of the

122UOD mapped to by the function application

D: R where

D is the domain and

R is therepresentation. For example, qty_on_hand: 3 is an instance of the qty_on_hand domain. Given a set of domains, the following procedure generates the rules in thetheory that correspond to the domains.

Base Domain

D1. A domain which is not a subtype of any other domain is called a base domain. Foreach base domain, d, in the set of domains, add the instance rule

( for all * )( exists d: R if defnot R = null,DataType,DomainRule ) to the theory. The

DataType can be omitted. If specified it must be one of character

( R ), numeric

( R ), or boolean

( R ).The

DomainRule can be omitted. If specified it can give a list of valid values by member( [ v1, v2, ..., vn ], R ) or specify a low value by lowValue £ R, or specify a high value by

R £ highValue

or specify a range by lowValue £ R, R £ highValue.

Typed Domain

D2. A domain which is a subtype of another domain is called a typed domain. For eachtyped domain, d, in the set of domains, where d is a subtype of domain, t, do thefollowing.D2.1. Declare the subtype relationship by adding the rule d isa t to the theory. In the intended interpretation, is true if every instance of d is aninstance of t.D2.2. Add the instance rule

( for all * ) ( exists d: R if def exists t: R, DomainRule ) exists d: R is true if d: R is an instance ofdomain d.As with a base domain, the DomainRule can be omitted.

Example

In TcCo, the resulting rules include the following.

exists name: R if def not R = null, character( R ).

123exists part_name: R if def exists name: R.exists make_part_name: R if def exists part_name: R.exists part_type: R if def not R = null, character( R ), [ m, b ] has member: R.exists quantity: R if def not R = null, numeric( R ), 0 £ R.part_name isa name.make_part_name isa part_name.

With the rules for TcCo, the following are true for the sample instances.

exists part_type: m.exists name: top.exists part_name: top.make_part_name: top

fi part_name: top.make_part_name: top fi name: top.not exists part_type: s.not name: top fi part_name: top.not qty_on_hand: 3 = standard_price: 3.

B.4.2.4 Attribute

In IDEF1X, an entity has attributes only within a view. A view is represented graphicallyby a diagram showing the entities in the view and, for each entity, the attributes it hasaccording to that view. Given a set of views (e.g. a set of diagrams), the followingprocedure generates the rules in the theory that correspond to the attributes of the entitiesin the views.A1. For every view, v, in the set of views, and for every entity, e, inv, where e hasdistinct attributes a1, a2, ..., an

, do the following for 1 =< i =< n.A1.1 Declare the view entity attribute by adding the rule viewEntityAttribute( ( v: e ): ai ) to the theory.A1.2. Add the property rule for ai( for all * ) ( ( v: e ): I has ai: ( ai: Ai ) if defv_e( I, A1, A2, ..., An ),not Ai = null ) to the theory. In the intended interpretation, v: e is a view entity,

( v: e ): I is a viewentity instance, ai is an attribute of the view entity, and ai: Ai is a domain instance.

( v:e):I hasai: ( ai: Ai ) means that the view entity instance has an attribute ai value of ai: Ai.

Note that null is not treated as a value; it is treated as the absence of any value. Ifthe relation assigned by the interpretation to v_e has (the individual assigned to) null asthe �value� of attribute aifor instance

I, then hasai: X is false for all X.

124The view entity predicate, v_e, is over domain representation values, not domaininstances, in deference to the usual way of showing sample instance tables. The propertyrule constructs a domain instance from the domain, ai, and the representation value,

Ai.The attribute domain axiom ensures the resulting ai: Ai is indeed a domain instance.A1.3. If ai does not permit nulls, add the no-null rule

( for all * ) ( if exists ( v: e ): Ithen ( for some A ) ( ( v: e ): I has ai: A ) ) to the theory.A2. Add a rule that the entity identity be 1:1 with the combined value of the otherpositions

( for all * ) ( if exists ( v: e ): I1, exists ( v: e ): I2then I1 = I2iff( ( v: e ): I1 has a1: A iff ( v: e ): I2 has a1: A ),( ( v: e ): I1 has a2: A iff ( v: e ): I2 has a2: A ),...( ( v: e ): I1 has an: A iff ( v: e ): I2 has an: A ) ) to the theory. The 1:1 rule captures the modeling idea that two entity instances aredistinct if and only if they differ in some attribute value.

Example

In TcCo, the resulting rules include the following.

viewEntityAttribute( ( production: part ): part_name ).( for all * ) ( ( production: part ): I has part_name: ( part_name: A1 ) if defproduction_ part( I, A1, A2, A3, A4, A5 ),not A1 = null )( for all * ) ( if exists ( production: part ): Ithen ( for some A ) ( ( production: part ): I has part_name: A ) ).

With the rules for TcCo, the following are true for the sample instances.

( for some PN ) ( ( production: part ): i2 has part_name: PN,PN has value: top ).not ( for some BP ) ( ( production: part ): i1 has backup_price: BP ).

B.4.2.5 Specific Connection Relationship

In IDEF1X, an entity has relationships only within a view. A view is representedgraphically by a diagram showing the entities in the view and their relationships. Given aset of views (e.g. a set of diagrams), the following procedure generates the rules in thetheory that correspond to the specific connection relationships in the views.S1. For every view, v, in the set of views and for every entity, e1, and an entity, e2, (notnecessarily distinct) in v with a specific connection between e1 and e2 where e1 is the parent e2 is the child n1 is the relationship name from e1 toe2 (and is e2if there is no name)

125n2 is the relationship name from e2 toe1 (and is e1 if there is no name)do the following.S1.1. Add domain constraint rules for the relationship predicate

( for all * ) ( if v_e1_n1_n2_e2( I, J )then exists ( v: e1 ): I, exists ( v: e2 ): J ) to the theory. The rule constrains the first position of the relation to be an instance of theparent and constrains the second position to be an instance of the child.S1.2. Declare the participant properties of the entities by adding the rules viewEntityParticipant( ( v: e1 ): n1) andviewEntityParticipant( ( v: e2 ): n2 ) to the theory. Each participant instance in a relationship (parent instance or child instance) has a participant property the value of which identifies the other participant (childinstance or parent instance).S1.3. Add the participant property rules

( for all * ) ( ( v: e1 ): I has n1: J if def v_e1_n1_n2_e2( I, J ) )

.and( for all * ) ( ( v: e2 ): J has n2: I if def v_e1_n1_n2_e2( I, J ) ).

to the theory. In the intended interpretation,

( v: e1 ): I has n1: J is true if the view entityinstance

( v: e1 ): I has as its participant property n1 value the identity

Jof the otherparticipant.S1.4. Constrain each child to have at most one parent by adding the rule

( for all * ) ( if ( v:e2 ): J has n2: I1, ( v:e2 ): J has n2: I2 then I1 = I2 ) to the theory.S1.5. If the relationship is mandatory, constrain the child to have a parent by adding therule

( for all * ) ( if exists ( v: e2 ): Jthen ( for some I ) ( ( v: e2 ): J has n2: I ) ) to the theory.S1.6. If the relationship is positive ( P ) or one ( 1 ), constrain the parent to have a childby adding the rule

( for all * ) ( if exists ( v: e1 ): Ithen ( for some J ) ( ( v: e1 ): I has n1: J ) ).

to the theory.S1.7. If the relationship is zero or one ( Z ) or one ( 1 ), constrain the parent to have atmost one child by adding the rule

( for all * ) ( if ( v:e1 ): I has n1: J1, ( v:e1 ): I has n1: J2 then J1 = J2 ) to the theory.

126S1.8. If the relationship is an exact positive integer, n, where n is not 1, constrain theparent to have exactly n child instances by adding the rule

( for all I ) ( if exists ( v: e1 ): Ithen ( for some L )( list( L ),( for all J ) ( member( L, J ) iff ( v: e1 ): I has n1: J ),nodup( L ),count( L, n ) ) ) to the theory.S1.9. If the relationship is a range from n to m inclusive, other than 0 to 1, add the rule

( for all I ) ( if exists ( v: e1 ): Ithen ( for some L )( list( L ),( for all J ) ( member( L, J ) iff ( v: e1 ): I has n1: J ),nodup( L ),count( L, N ),n £ N, N £ m ) ) ) to the theory.Note that whether a connection is identifying or not does not affect what predicates orrules are defined. The specification by the modeler is accounted for in the meta model,and is there subject to certain rules.

Example

For the TcCo relationship between part and structure_item

, the result is to add thefollowing axioms.

( for all * )( if production_part_goes_into_component_structure_item( I, J )then exists ( production: part ): I,exists ( production: structure_item ): J ).viewEntityParticipant( ( production: part ): �Goes into� ).viewEntityParticipant( ( production: structure_item ): component ).( for all * ) ( ( production: part ): I has �Goes into�: J if def production_part_goes_into_component_structure_item( I, J ) ).( for all * ) ( ( production: structure_item ): J has component: I if def production_part_goes_into_component_structure_item( I, J ) ).( for all * )( if ( production: structure_item ): J has component: I1,( production: structure_item ): J has component: I2then I1 = I2 ).( for all * )( if exists ( production: structure_item ): J

127then ( for some I )( ( production: structure_item ): J has component: I ) ).

B.4.2.6 Non-Specific Relationship

A non-specific connection relationship is formalized like a specific connectionrelationship with the following changes:Choose the same entity as the parent as chosen for the definition of the relationshippredicate symbol.Skip rules S1.4 and S1.5.Apply rules S1.6, S1.7, S1.8, and S1.9 in both directions.

B.4.2.7 Categorization Relationship

In IDEF1X, an entity may have category relationships only within a view. A view isrepresented graphically by a diagram showing the entities in the view and, for each entity,the categories it has according to that view. Given a set of views (e.g. a set of diagrams),the following procedure generates the rules in the theory that correspond to the categoryrelationships in the views.C1. For each view, v, in the set of views and for each generic entity, e, in view v, where e has a category cluster consisting of the entities e1, e2, ..., en

, do the following.C1.1 For 1 =< i =< n do the following.C1.1.1. Declare the category relationship by adding the rule v: ei isa v: e to the theory.C1.1.2. Constrain each instance of the category to be an instance of the generic byadding the rule

( for all * ) ( if exists ( v: ei): I then exists ( v: e ): I ) to the theory.C1.2. The categories within a cluster are mutually exclusive. For 1 £ i < j £ n, add a rule

( for all * ) ( not ( exists ( v: ei): I, exists ( v: ej ): I ) ) to the theory.C1.3. If the categorization is complete, ensure a category instance for every genericinstance by adding the rule

( for all * )( if exists ( v: e ): Ithen exists ( v: e1 ): I or exists ( v: e2 ): I ... or exists ( v: en ): I ) to the theory.C1.4. If a discriminator, d, is specified for the cluster, the discriminator value must be1:1 with the category within the cluster.

128C1.4.1. Ensure that every category instance has a discriminator value and that everyinstance of a given category has the same discriminator value by adding the rule

( for all * )( if member( [ e1, e2, ..., en ], E ),exists ( v: E ): I1,exists ( v: E ): I2then ( for some D )( ( v: e ): I1 has d: D,( v: e ): I2 has d: D ) ) to the theory. Note that C1.3 and C1.4.1 imply that a discriminator for a completecategorization must have a value for every instance of the generic.C1.4.2. Ensure that every instance of the generic with a given discriminator value has thesame category by adding the rule

( for all * )( if ( v: e ): I1 has d: D,( v: e ): I2 has d: D,member( [ e1, e2, ..., en ], E ),exists ( v: E ): I1thenexists ( v: E ): I2 ) to the theory.Note that axioms C1.4.1 and C1.4.2 do not preclude an incomplete categorization inwhich a generic has a discriminator value but no category, so long as no generic with thatdiscriminator value has a category.

Example production: made_part isa production: part.production: bought_part isa production: part.( for all * )( if exists ( production: made_part ): Ithen exists ( production: part ): I ).( for all * )( if exists ( production: bought_part ): Ithen exists ( production: part ): I ).( for all * )( not (exists ( production: made_part ): I,exists ( production: bought_part ): I ) ).( for all * )( if exists ( production: part ): Ithen exists ( production: made_part ): Ior exists ( production: bought_part ): I ).( for all * )( if member( [ made_part, bought_part ], E ),

129exists ( production: E ): I1,exists ( production: E ): I2then ( for some D )( ( production: part ): I1 has part_type: D,( production: part ): I2 has part_type: D ) ).( for all * )( if ( production: part ): I1 has part_type: D,( production: part ): I2 has part_type: D,member( [ made_part, bought_part ], E ),exists ( production: E ): I1thenexists ( production: E ): I2 ).

B.4.2.8 Primary and Alternate Key

In IDEF1X, an entity has attributes only within a view. A view is represented graphicallyby a diagram in which the primary and alternate key attributes of entities are shown.Given a set of views (e.g. a set of diagrams), the following procedure generates the rulesin the theory that correspond to the primary and alternate key attributes of the entities inthe views.K1. For every view, v, in the set of views, and for every entity, e, inv, where e hasprimary key attributes p1, p2, ..., pn and alternate keys 1 to m consisting of attributes a11, a12, ..., a1n1a21, a22, ..., a2n2...am1, am2, ..., amnm do the following.K1.1. Add a uniqueness rule for the primary key

( for all * )( if ( v: e ): I1 has p1: P1,( v: e ): I1 has p2: P2,...( v: e ): I1 has pn: Pn,( v: e ): I2 has p1: P1,( v: e ): I2 has p2: P2,...( v: e ): I2 has pn: Pnthen I1 = I2 ) to the theory. (The rule that primary keys cannot be null is stated as a rule on the meta model.)K1.2. Add a uniqueness rule for each alternate key. For 1 =< i =< m, add the rule

( for all * )( if ( v: e ): I1 has ai1: A1,( v: e ): I1 has ai2: A2,...( v: e ): I1 has aini: Ani,

130( v: e ): I2 has ai1: A1,( v: e ): I2 has ai2: A2,...( v: e ): I2 has aini: Anithen I1 = I2 ) to the theory.

Example

For the TcCo bought_part entity, the result is the following axioms.

( for all * )( if ( production: bought_part ): I1 has bought_part_name: P1,( production: bought_part ): I2 has bought_part_name: P1,then I1 = I2 ).( for all * )( if ( production: bought_part ): I1 has standard_vendor_no: A1,( production: bought_part ): I1 has vendor_part_id: A2,( production: bought_part ): I2 has standard_vendor_no: A1,( production: bought_part ): I2 has vendor_part_id: A2,then I1 = I2 ).

B.4.2.9 Foreign Key

In IDEF1X, an entity has relationships and foreign keys only within a view. A view isrepresented graphically by a diagram showing the entities in the view and theirrelationships. For each relationship, the foreign keys and role names, if any, are indicated.Given a set of views (e.g., a set of diagrams), the following procedure generates the rulesin the theory that correspond to the specific connection relationships, foreign keys, androle names in the views.F1. For every view, v, in the set of views and for every entity, e1, and an entity, e2, (notnecessarily distinct) in v with a specific connection between e1 and e2 where e1 is the parent e2 is the child n1 is the relationship name from e1toe2 (and is e2 if there is no name) n2 is the relationship name from e2 toe1 (and is e1 if there is no name) p1, p2, ..., pn are the primary key attributes of e1f1, f2, ..., fn are the foreign key attributes in e2and for 1 =< i =< n, fi is pi or a role name for pi, do the following.F1.1. Add the rule that the child has values for the foreign key attributes if and only if thechild is related to a parent

( for all * ) ( ( for some I ) ( ( v: e2 ): J has n2: I )iff( for some F1, F2, ..., Fn )( ( v: e2 ): J has f1: F1,

131( v: e2 ): J has f2: F2,...( v: e2 ): J has fn: Fn ) ) to the theory.F1.2. Add the rule that if the child has values for all its foreign keys and has a parent,then the parent has primary key values and the foreign key values reference the primarykey values

( for all * ) ( if ( v: e2 ): J has n2: I,( v: e2 ): J has f1: F1,( v: e2 ): J has f2: F2,...( v: e2 ): J has fn: Fnthen ( for some P1, P2, ..., Pn )( ( v: e1 ): I has p1: P1,F1

fi P1,( ( v: e1 ): I has p2: P2,F2 fi P2,...( ( v: e1 ): I has pn: Pn,Fn fi Pn ) )

to the theory.F2. In IDEF1X, an entity has category relationships only within a view. A view isrepresented graphically by a diagram showing the entities in the view and, for each entity,the categories it has according to that view. Given a set of views (e.g., a set of diagrams),the following procedure generates the rules in the theory that correspond to the foreignkeys for the category relationships in the views.For each view, v, in the set of views and for each pair of entities e1 and e2 inv where e1 is a generic entity e2 is a category of e1p1, p2, ..., pn are the primary key attributes of e1f1, f2, ..., fn e2and for 1 =< i =< n, fi is pi or a role name for pi, add the rule

( for all * ) ( if exists ( v: e2 ): I,( v: e2 ): I has f1: F1,( v: e1 ): I has p1: P1,( v: e2 ): I has f2: F2,( v: e1 ): I has p2: P2,...( v: e2 ): I has fn: Fn,( v: e1 ): I has pn: PnthenF1

fi P1,F2 fi P2,...

132Fnfi Pn )to the theory.

Example

For the TcCo relationship between part and structure_item

, the result for F1 is to addthe following axioms.

( for all * )( ( for some I ) ( ( production: structure_item ): J has component: I )iff( for some F1 )( ( production: structure_item ): J has comp_part_name: F1 ) ).( for all * )( if ( production: structure_item ): J has component: I,( production: structure_item ): J has comp_part_name: F1then ( for some P1 )( ( production: part ): I has part_name: P1,F1

fi P1 ) ).

For the TcCo relationship between part and made_part, the result for F2 is to add thefollowing axioms.

( for all * ) ( if exists ( production: made_part ): I,( production: made_part ): I has made_part_name: F1,( production: part ): I has part_name: P1,thenF1

fi P1 ).B.4.2.10 Constraints as Axioms

For any constraint or definition that is a closed sentence,

S, in the language for themodel, add the rule,

Sto the theory.

B.4.2.11 Distinct Atomic Constants

Distinctly named constants are distinct and atomic. Let the set of constants be c1, c2,...,cn.

For 1 =< i =< n, add the rule atom( ci ) to the theory.For 1 =< i < j =< n, add the rule not ci = cj.

to the theory.

133B.5 IDEF1X Meta Model

IDEF1X can be used to model IDEF1X itself. Such meta models can be used for variouspurposes, such as repository design, tool design, or in order to specify the set of validIDEF1X models. Depending on the purpose, somewhat different models result. There isno �one right model.� For example, a model for a tool that supports building modelsincrementally must allow incomplete or even inconsistent models. The meta model forformalization emphasizes alignment with the concepts of the formalization. Incompleteor inconsistent models are not provided for.There are two important limitations on meta models. First, they specify syntax, notsemantics. Second, a meta model must be supplemented with constraints in natural orformal language. The formal theory of IDEF1X provides both the semantics and a meansto precisely express the necessary constraints.A meta model for IDEF1X is given below. The name of the view is mm. The domainhierarchy and constraints are also given. The constraints are expressed as sentences inthe formal theory of the meta model.

134domain domain_id.id (FK)domainRule (O) entity entity_id.id (FK) viewview_id.id (FK)levelpurposescopeauthor_conventions idef1xObject idname (AK1)description (O) aliasEntity entity_id (FK)realEntity_id.entity_id (FK) aliasDomain domain_id (FK)realDomain_id.domain_id (FK) baseDomain domain_id (FK)dataType (O) viewEntity view_id (FK)entity_id (FK)is_dependent (O) typedDomain domain_id (FK)superType_id.domain_id (FK) cluster view_id (FK) (AK1)clusterNogeneric_id.entity_id (FK) (AK1)discEntity_id.entity_id (O) (FK)is_competedisc_id .attribute_id (O) (FK) (AK1) connectionRelationship parent_id.entity_id (FK) (AK1)connectionNochild_id.entity_id (FK) (AK1)view_id (FK) (AK1)name1 (O) (AK1)name2 (O) (AK1)childLowchildHigh (O)parentLow (O)parentHigh (O)is-mandatory (O)is-specificis-identifying category view_id (FK)category_id.entity_id (FK)clusterNo (FK)generic_id (FK) connectionForeignKeyAttribute parent_id (FK)view_id (FK)role_id.attribute_id (FK)child_id.entity_id (FK)connectionNo (FK) alternateKeyAttribute entity_id (FK)view_id (FK)attribute_id (FK)alternateKeyNo (FK)

/supertype aka / real appears in contains is parent in / parent is child in / child is generic in / generic

Pis used as isdiscriminatorfor primaryKeyAttribute attribute_id (FK)view_id (FK)entity_id (FK) viewEntityAttribute attribute_id.domain_id (FK)view_id (FK)entity_id (FK)is_nonull (O)is_owned (O)is_migrated (O) alternateKey alternateKeyNoview_id (FK)entity_id (FK)

PB.5.1 IDEF1X Diagram

135B.5.2 Domains

The domain hierarchy is shown in the diagram below.

parent_id child_id category_id generic_id discEntity_id realEntity_id

realDomain_id superType_id attribute_id connectionNo clusterNo childLow childHigh parentHigh parentLow positive_number idview_id entity_id domain_id role_id disc_id

No datatype is specified for the base domain id.The character base domains are name, description, dataType, level, purpose,scope, author-convention, name1, name2, anddomainRule.

The base domain is datatype numeric

. The domain rule is that therepresentation value be greater than 0.

136The boolean base domains are is-mandatory, is-specific, is-identifying, is-total, is-dependent, is-nonull, is-owned, and is-migrated.

The valid values are

�True� and�False�

.B.5.3 Constraints

Rules for valid construction of an IDEF1X model are stated as constraints on the metamodel. The constraints are expressed using the vocabulary of the formal theory of themeta model. (The constraints could be greatly simplified by enhancing the language.)

B.5.3.1 Acyclic Generalization

No category can generalize to itself.A category, I, has a generic parent, J, if I is in cluster K, and K has a generic viewEntity J.

( for all * )( ( mm: category ): I has genericParent: J if def( mm: category ): I has cluster: K,( mm: cluster ): K has generic: J ).

A category, I, has a generic ancestor, J, if I has a generic parent J, or I has a genericparent K, and K has a generic ancestor J.

( for all * )( ( mm: category ): I has genericAncestor: J if def( mm: category ): I has genericParent: Jor( mm: category ): I has genericParent: K,( mm: category ): K has genericAncestor: J ).

No category can have itself as a generic ancestor.

( for all * ) ( not ( ( mm: category ): I has genericAncestor: I ) ).

B.5.3.2 Acyclic Domain Type and Alias

No domain can have itself as an ancestor, where an ancestor is a parent or a parent of aparent, and so on. A domain, I, has a parent, J, if I is an alias domain and J is its realdomain, or I is a typed domain and J is its supertype.A domain, I, has a parent, J, if I is an alias domain and its real domain is J, or I is a typeddomain and its supertype is J.

( for all * )( ( mm: domain ): I has parent: J if def( mm: aliasDomain ): I has real: Jor ( mm: typedDomain ): I has supertype: J ).

A domain, I, has an ancestor, J, if I has a parent J, or I has a parent K and K has anancestor J.

( for all * )( ( mm: domain ): I has ancestor: J if def( mm: domain ): I has parent: Jor

137( mm: domain ): I has parent: K,( mm: domain ): K has ancestor: J ).

No domain can have itself as an ancestor.

( for all * ) ( not ( ( mm: domain ): I has ancestor: I ) ).

B.5.3.3 Acyclic Entity Alias

No alias entity can have itself as an alias ancestor, where an alias ancestor is its real entityor the real entity of its real entity, and so on.An alias entity, I, has an alias ancestor, J, if the real entity for I is J or the real entity for Iis K and J is an alias ancestor of K.

( for all * )( ( mm: aliasEntity ): I has aliasAncestor: J if def( mm: aliasEntity ): I has real: Jor( mm: aliasEntity ): I has real: K,( mm: aliasEntity ): K has aliasAncestor: J ).

No alias entity can have itself as an alias ancestor.

( for all * ) ( not ( ( mm: aliasEntity ): I has aliasAncestor: I ) ).

B.5.3.4 An Alias Domain Cannot Have a Domain Rule

For base and typed domains, the domain rule is optional, but an alias domain cannot havea domain rule.

( for all * ) ( not ( ( mm: aliasDomain ): I has domainRule: X ) ).

B.5.3.5 An Entity in a View Can Be Known By Only One Name

No pair of distinct view entities in the same view can be synonyms. Two entities aresynonyms if either is an alias for the other or both are alias for any entity.Two entities are synonomous if they are the same entity, or either has a real entity that is a synonym ofthe other.

( for all * )( ( mm: entity ): E1 has synonym: E2 if defE1 = E2or ( for some E )( ( mm: aliasEntity ): E1 has real: E, ( mm: entity ): E2 has synonym: E )or ( for some E )( ( mm: aliasEntity ): E2 has real: E, ( mm: entity ): E1 has synonym: E ) ).

No pair of distinct view entities in the same view can be synonyms.

( for all * )( if ( mm: viewEntity ): I1 has view: V,( mm: viewEntity ): I2 has view: V,( mm: viewEntity ): I1 has entity: E1,( mm: viewEntity ): I2 has entity: E2,not E1 = E2

138thennot ( ( mm: entity ): E1 has synonym: E2 ) ).

B.5.3.6 An Attribute in a View Can Be Known By Only One Name

No pair of distinct view entity attributes in the same view can be synonyms. Twodomains are synonyms if either is an alias for the other or both are alias for any domain.Two domains are synonomous if they are the same domain, or either has a real domainthat is a synonym of the other.

( for all * )( ( mm: domain ): D1 has synonym: D2 if defD1 = D2or ( for some D )( ( mm: aliasDomain ): D1 has real: D,( mm: domain ): D2 has synonym: D )or ( for some D )( ( mm: aliasDomain ): D2 has real: D,( mm: domain ): D1 has synonym: D )

No pair of distinct view entity attributes in the same view can be synonyms.

( for all * )( if ( mm: viewEntityAttribute ): I1 has view_id: V,( mm: viewEntityAttribute ): I2 has view_id: V,( mm: viewEntityAttribute ): I1 has domain: D1,( mm: viewEntityAttribute ): I2 has domain: D2,not D1 = D2thennot ( ( mm: domain ): D1 has synonym: D2 ) ).

B.5.3.7 ER View Entity Attribute Constraints

At the ER level only, whether an attribute is optional, migrated, or owned are notspecified.

( for all * )( if( mm: viewEntityAttribute ): I has viewEntity: J,( mm: viewEntity ): J has view: K,( mm: view ): K has level: L,thenL has value: �ER�iffnot ( for some X ) ( ( mm: viewEntityAttribute ): I has is_nonull: X ),not ( for some X ) ( ( mm: viewEntityAttribute ): I has is_owned: X ),not ( for some X ) ( ( mm: viewEntityAttribute ):I has is_migrated: X)).

B.5.3.8 DiscEntity is Generic or an Ancestor of Generic

( for all * )( if ( mm: cluster ): I has discEntity_id: Eidthen( mm: cluster ): I has generic_id: Eid

139or ( for some K, J )( ( mm: cluster ): I has generic: K,( mm: category ): K has genericAncestor: J,( mm: viewEntity ): J has entity_id: Eid ) ) ).

B.5.3.9 A Complete Cluster Cannot Have an Optional Discriminator

If a category is complete and it has a discriminator, then the discriminator cannot beoptional. At the ER level, the optionality of the discriminator is not specified.

( for all * )( if ( mm: cluster ): I has is_complete: �True�,( mm: cluster ): I has viewEntityAttribute: J,( mm: viewEntityAttribute ): J has is_nonull: X )thenX = �True� ).

B.5.3.10 Primary Key Constraints

A view entity has primary key attributes, which cannot be null, if and only if the level isnot ER.Each view entity may have a list of primary key attributes.

( for all * )( ( mm: viewEntity ): I has pkeys: L if deflist( L ),nodup( L ),( for all D )( ifmember( L, D )then ( for some J )( ( mm: viewEntity ): I has contains: J,( mm: primaryKeyAttribute ): J has domain: D ) ),( for all J, D )( if( ( mm: viewEntity ): I has contains: J,( mm: primaryKeyAttribute ): J has domain: D ) )thenmember( L, D ) ) ).

A view entity has primary key attributes if and only if the level is not ER.

( for all * )( if( mm: viewEntity ): I has view: J,( mm: view ): J has level: Lthennot L has value: �ER�iff( for some X ) ( ( mm: viewEntity ): I has pkeys: X ) ).

Every primary key attribute must be no-null.

( for all * )( if exists ( mm: primaryKeyAttribute ): Ithen

140( mm: primaryKeyAttribute ): I has is_nonull: �True� ).

B.5.3.11 ER Connection Constraints

Each connection relationship may have a list of connection foreign key attributes. Non specificconnection relationships and specific connection relationships at the ER level have no foreign keys.

( for all * )( ( mm: connectionRelationship ): I has fkeys: L if deflist( L ),nodup( L ),( for all D )( ifmember( L, D )then ( for some J, K )( ( mm: connectionRelationship):I hasconnectionForeignKeyAttribute:K,( mm: connectionForeignKeyAttribute ): K has viewEntityAttribute: J,( mm: viewEntityAttribute ): J has domain: D ) ),( for all J, K, D )( if( mm: connectionRelationship):I has connectionForeignKeyAttribute:K,( mm: connectionForeignKeyAttribute ): K has viewEntityAttribute: J,( mm: viewEntityAttribute ): J has domain: D )thenmember( L, D ) ) ).

If the level is ER, and only if it is ER, the following must hold for a connectionrelationship:specific connection parent low cardinality is null,specific connection parent high cardinality is null,is-mandatory is null, andthere are no foreign keys.

( for all * )( if( mm: connectionRelationship ): H has parent: I,( mm: viewEntity ): I has view: J,( mm: view ): J has level: LthenL has value: �ER�iffnot ( for some X )( ( mm: connectionRelationship ): H has is_specific: �True�, ( mm: connectionRelationship ): H has parentLow: X ),not ( for some X )( ( mm: connectionRelationship ): H has is_specific: �True�, ( mm: connectionRelationship ): H has parentHigh: X ),not ( for some X )( ( mm: connectionRelationship ): H has is_mandatory: X ),not ( for some X )( ( mm: connectionRelationship ): H has fkeys: X ) ).

141B.5.3.12 Connection is Specific If Level is not ER

( for all * )( if( mm: connectionRelationship ): H has parent: I,( mm: viewEntity ): I has view: J,( mm: view ): J has level: Lnot L has value: �ER�then( mm: connectionRelationship ): H has is_specific: �True� ).

B.5.3.13 View Entity Is Dependent

Categories are dependent.

( for all * )( ifexists ( mm: category ): Ithen( mm: category ): I has is_dependent: �True� ).

For non ER level, is-dependent is not null and it is true if and only if the view entity is achild in an identifying connection relationship.

( for all * )( if( mm: viewEntity ): I has view: J,( mm: view ): J has level: Lnot L has value: �ER�then( mm: viewEntity ): I has is_dependent: TF,( ( for some K )( ( mm: viewEntity ): I has �is child in�: K,( mm: connectionRelationship ): K has is_identifying: �True� )iffTF = �True� ) ).

B.5.3.14 Migrated Attribute

An attribute of an entity is migrated if and only if the attribute is a foreign key attribute ofa connection relationship, or the attribute is in a primary key of a category.

( for all * )( ( mm: viewEntityAttribute ): I has is_migrated: �True�iff ( for some FK, C )( mm: viewEntityAttribute ): I has �is used as�: FKor( mm: primaryKeyAttribute ): I has viewEntity: C,exists ( mm: category ): C ).

B.5.3.15 An Attribute is Owned Iff It Is Not Migrated

At the ER level an attribute is neither owned nor migrated; both is_owned andis_migrated are null. If either is non null then one is true and the other false.

( for all * )( if ( for some X ) ( ( mm: viewEntityAttribute ): I has is_migrated: X )then

142( mm: viewEntityAttribute ): I has is_migrated: �False� )iff( mm: viewEntityAttribute ): I has is_owned: �True� ).

B.5.3.16 An Attribute Can Be Owned by At Most One Entity in a View

( for all * )( if ( mm: viewEntityAttribute ): I1 has view_id: V, ( mm: viewEntityAttribute ): I2 has view_id: V, ( mm: viewEntityAttribute ): I1 has entity_id: E1, ( mm: viewEntityAttribute ): I2 has entity_id: E2, ( mm: viewEntityAttribute ): I1 has attribute_id: A, ( mm: viewEntityAttribute ): I2 has attribute_id: A, ( mm: viewEntityAttribute ): I1 has is_owned: �True�, ( mm: viewEntityAttribute ): I2 has is_owned: �True�thenE1 = E2 ).

B.5.3.17 Non ER Connection Cardinality Constraints

Parent low cardinality is less than or equal to 1 and parent high equal to 1. Theconnection is mandatory if and only if the parent low cardinality is 1.

( for all * )( if( mm: connectionRelationship ): H has parent: I,( mm: viewEntity ): I has view: J,( mm: view ): J has level: L,not L has value: �ER�,( mm: connectionRelationship ): H has parentLow: PL,( mm: connectionRelationship ): H has parentHigh: PH,( mm: connectionRelationship ): H has is_mandatory: TFthenPL £1,PH = 1,( PL = 1 iff TF = �True� ) ).

B.5.3.18 Low Cardinality Is Less Than Or Equal To High Cardinality

For any level of model, if both the low and high cardinalities are non null, then the lowmust be less that or equal to the high.

( for all * )( ( if( mm: connectionRelationship ): H has parentLow: PL,( mm: connectionRelationship ): H has parentHigh: PHthenPL =< PH ),( if( mm: connectionRelationship ): H has childLow: CL,( mm: connectionRelationship ): H has childHigh: CHthenCL £ CH ) ).

143B.5.3.19 Child Cardinality is Z or 1 Iff Roles Contain the Primary Key or AnyAlternate Key

If the connection relationship has a child high cardinality value, has foreign key attributes, and the child in therelationship has a primary key, then the child high cardinality is 1 if and only if every primary key attribute is aforeign key attribute or for some alternate key, every alternate key attribute is a foreign key attribute.

( for all * )( if( mm: connectionRelationship ): I has childHigh: CH,( mm: connectionRelationship ): I has fkeys: Fkeys,( mm: connectionRelationship ): I has child: J,( ( mm: viewEntity ): J has pkeys: PkeysthenCH = 1iff( for all X )( if member( Pkeys, X )thenmember( Fkeys, X ) ) or( for some K )( ( mm: viewEntity ): J has alternateKey: K,( for all L, M, X )( if ( mm: alternateKey ): K has contains: L,( mm: alternateKeyAttribute ): L has viewEntityAttribute: M,( mm: viewEntityAttribute ): M has domain: Xthenmember( Fkeys, X ) ) ) ).

B.5.3.20 Is-Mandatory is True Iff All Roles Are Nonull

A relationship is mandatory if and only if the relationship has foreign key attributes and they are allnon-null.

( for all * )( if( mm: connectionRelationship ): I has is_mandatory: TF,( mm: connectionRelationship ): I has fkeys: Fkeys,( mm: connectionRelationship ): I has child: J,thenFK = �True�iff( for all X )( if member( Fkeys, X )then ( for some K )( ( mm: viewEntity ): J has contains: K,( mm: viewEntityAttribute ): K has domain: X,( mm: viewEntityAttribute ): K has is_nonull: �True� ) ) ).

B.5.3.21 Connection with Foreign Keys is Identifying Iff the Foreign Key AttributesAre a Subset of the Child Primary Key

( for all * )( if( mm: connectionRelationship ): I has is_identifying: TF,

144( mm: connectionRelationship ): I has fkeys: Fkeys,( mm: connectionRelationship ): I has child: J,( mm: viewEntity ): J has pkeys: PkeysthenFK = �True�iff( for all X )( if member( Fkeys, X )then member( Pkeys, X ) ) ).

B.5.3.22 Foreign Key Attributes Determine ConnectionNo

( for all * )( if( mm: connectionRelationship ): I1 has connectionNo: CN1,( mm: connectionRelationship ): I1 has fkeys: Fkeys1,( mm: connectionRelationship ): I1 has child: C,( mm: connectionRelationship ): I1 has parent: P,( mm: connectionRelationship ): I2 has connectionNo: CN2,( mm: connectionRelationship ): I2 has fkeys: Fkeys2,( mm: connectionRelationship ): I2 has child: C,( mm: connectionRelationship ): I2 has parent: P,( for all X ) ( if member( Fkeys1, X ) then member( Fkeys2, X ) ),( for all X ) ( if member( Fkeys2, X ) then member( Fkeys1, X ) )thenCN1 = CN2 ).

B.5.3.23 Connection Foreign Key Attributes Type Uniquely Onto Parent PrimaryKey Attributes

In a connection relationship, there are the same number of foreign key attributes asprimary key attributes and every foreign key attribute in the child references exactly oneprimary key attribute in the parent.The number of connection foreign key attributes equals the number of parent primary keyattributes.

( for all * )( if ( mm: connectionRelationship ): I has fkeys: L1,( mm: connectionRelationship ): I has parent: J,( mm: viewEntity ): J has pkeys: L2,count( L1, C )thencount( L2, C ) ).

A domain D1 references another domain, D2, if D1 = D2 or if D2 is an ancestor of D1.

( for all * )( ( mm: domain ): I has references: J. if defI = Jor( mm: domain ): I has ancestor: J ).

Each connection foreign key attribute references a parent primary key attribute.

145( for all * )( if ( mm: connectionRelationship ): I has fkeys: L1,( mm: connectionRelationship ): I has parent: K,( mm: viewEntity ): K has pkeys: L2,member( L1, Fk )then ( for some Pk )( member( L2, Pk ),( mm: domain ): Fk has references: Pk ) ).

Each connection foreign key attribute references at most one parent primary key attribute.

( for all * )( if ( mm: connectionRelationship ): I has fkeys: L1,( mm: connectionRelationship ): I has parent: K,( mm: viewEntity ): K has pkeys: L2,member( L1, Fk ),member( L2, Pk1 ),member( L2, Pk2 ),( mm: domain ): Fk has references: Pk1( mm: domain ): Fk has references: Pk2thenPk1 = Pk2 ).

B.5.3.24 Category Primary Key Attributes Type Uniquely Onto Generic PrimaryKey Attributes

The number of category primary key attributes equals the number of generic primary keyattributes and every category primary key attribute references exactly one genericprimary key attribute.The number of category primary key attributes equals the number of generic primary keyattributes.

( for all * )( if ( mm: category ): I has pkeys: L1,( mm: category ): I has cluster: K,( mm: cluster ): K has generic: J,( mm: viewEntity ): J has pkeys: L2,count( L1, C )thencount( L2, C ) ).

Each category primary key attribute references a generic primary key attribute.

( for all * )( if ( mm: category ): I has pkeys: L1,( mm: category ): I has cluster: K,( mm: cluster ): K has generic: J,( mm: viewEntity ): J has pkeys: L2,member( L1, Fk )then ( for some Pk )( member( L2, Pk ),( mm: domain ): Fk has references: Pk ) ).

146Each category primary key attribute references at most one generic primary key attribute.

( for all * )( if ( mm: category ): I has pkeys: L1,( mm: category ): I has cluster: K,( mm: cluster ): K has generic: J,( mm: viewEntity ): J has pkeys: L2,member( L1, Fk ),member( L2, Pk1 ),member( L2, Pk2 ),( mm: domain ): Fk has references: Pk1( mm: domain ): Fk has references: Pk2thenPk1 = Pk2 ).

B.5.4 Valid IDEF1X Model

The meta model informally defines the set of valid IDEF1X models in the usual way.The meta model also formally defines the set of valid IDEF1X models in the followingway. The meta model, as an IDEF1X model, has a corresponding formal theory. Thesemantics of the theory are defined in the standard way. That is, an interpretaion of atheory consists of a domain of individuals and a set of assignments:To each constant in the theory, an individual in the domain is assigned.To each n-ary function symbol in the theory, an n-ary function over the domain isassigned.To each n-ary predicate symbol in the theory, an n-ary relation over the domain isassigned.In the intended interpretation, the domain of individuals consists of views, such asproduction; entities, such as part and vendor; domains, such as qty_on_hand

; connectionrelationships; category clusters; and so on.If every axiom in the theory is true in the interpretation, then the interpretation is called a model for the theory. Every for the IDEF1X theory corresponding to the IDEF1Xmeta model and its constraints is a valid IDEF1X model.

147B.6 Bibliography

[B1] Brown, R. G.,

Logical Database Design Techniques,

The Database Design Group,Inc., Mountain View, California, 1982.[B2] Brown, R. G. and Parker, D. S. "LAURA, A Data Model and Her Logical DesignMethodology,"

Proc. 9th VLDB Conf.

, Florence, Italy, 1983.[B3] Bruce, T. A.,

Designing Quality Databases with IDEF1X Information Models

,Dorset House, 1992.[B4] Hogger, C. J.,

Introduction to Logic Programming

, Acedemic Press, 1984.[B5] Loomis, M.E.S.,

The Database Book

, Macmillan, 1987.[B6] Manna, Z. and Waldinger, R.,

The Logical Basis for Computer Programming,Volume 1,

Addison-Wesley, 1985.[B7]

Information processing systems - Concepts and terminology for the conceptualschema and the information base,

ISO Technical Report 9007, 1987.

B.7 Acknowledgements

The January 1993 IDEF1X Formalization was written by Robert G. Brown (TheDatabase Design Group) helped by reviews of several drafts. Reviewers included TomBruce (Bank of America), Ben Cohen (Logic Works), Dave Brown (McDonell Douglas),Twyla Courtot (Mitre), Chris Dabrowski (NIST), Jack Boudreaux (NIST), Dan Spar(SRA), and Mary Loomis (Versant Object Technology).