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Abstract 
In this paper a methodology is proposed for the integration of IDEFI with IDEFO, 
allowing an IDEFI model to be generated easily from the corresponding IDEFO model. 
The methodology involves: l)the principle for the integration ofiDEFl with IDEFO based 
on the concepts of IDEF methods; 2)the new requirements for IDEFO diagrams at the 
relative bottom levels to meet the prerequisites for the integration of IDEF models; 3)the 
development of knowledge-based systems(KBIDEF) for the integration of the IDEFI 
model with its corresponding IDEFO model; 4)the design of two databases: object
oriented IDEFO and IDEFI databases, three libraries: Entity Class Library, Relation Class 
Library and Domain Relation Class Library, and two knowledge bases: Relation Analysis 
Knowledge Base and Domain Knowledge Base for CIM information system design. 
Finally, the paper suggests some areas for future work. 
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I INTRODUCTION 

IDEF(ICAM DEFinition) methodology was developed by the US Air Force to describe 
manufacturing organizations in a structured graphical form. Now many IDEF methods 
(IDEFO-IDEF14) are available or being developed. So far a lot of people have used, 
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developed and studied on them all over the world. There are mainly six kinds of research 
and applications related to IDEF methods as follows: 

(1) Most of the research related to IDEF methods deals with how to use IDEF methods 
in various application areas, such as modelling the structure of an organization[3], 
modelling a FMS[4], developing production schedule generation systems and so on; 

(2)Some researchers develop generic or reference IDEF models in various domains; 
(3)Some enhanced IDEF methods are developed for various applications. IDEFc is 

developed for mapping quality management systems. An enhanced IDEFO is developed for 
project risk assessment[5]; 

(4)Some companies and organizations develop CASE tools to support IDEF methods[6] 
-[7]. These tools make it easy for customers to use IDEF methods to model a system. 
Knowledge Based System Inc has developed AIO, Smarter, ProCap softwares for IDEFO, 
IDEFI, IDEF3 respectively[!]. Meta Software Corporation has developed Design!IDEF 
tool for IDEFO, IDEFI and IDEFIX. Tsinghua University developed CASE tools for 
supporting IDEFO and IDEFIX in Chinese language[6]; 

(5)Some of the research deals with the assessment ofiDEF methods[9][11] or compare 
them with other methods(SSADM, DFD and etc) [10]; 

(6)The integration ofiDEF methods is studied and its CASE tools are developed by the 
other researchers[8][12]. Godwin and etc studied the integration concept of IDEF 
descriptions[8]. System Modelling Corp tried to integrate SIMAN simulation tools with 
the IDEFO model. But most of them only develop tools for the integration of IDEFO 
model with IDEF2 model or other simulation model. Very little research has dealt with the 
methodology and CASE tools for the integration of IDEFI models with IDEFO model. 

IDEFO, IDEFI, and IDEF2 are three separate methods, which are available for 
modelling functionality, information relationship, and dynamic procedure respectively. 
Because the three methods are independent, the complete IDEF modelling process can be 
very time-consuming and involves a tremendous amount of wasteful efforts in repeated 
capturing of the same data. In addition, there is also the possible incompatibility problem 
of the three ll)EF models when they are built independently. These problems can only be 
solved by integrating the IDEFO, IDEFI and IDEF2 models with CASE tool. Additionally, 
the CASE tool with the integration of IDEF methods makes it easier, faster and more 
convenient for users to model a system. 

As decribed above, there is almost no research on the integration ofiDEFI models with 
IDEFO models. In this paper, a methodology will be proposed for the integration of 
IDEFI with IDEFO, allowing an IDEFI model to be generated easily from the 
corresponding IDEFO model. A CASE tool, KBIDEF(Knowledge-Based system for the 
integration ofiDEFl with IDEFO), will be developed. 

2 BASIS FOR THE INTEGRATION OF IDEFl WITH IDEFO 

2.1 Basic Concepts of IDEFO and IDEFl 

IDEFO is a method used to produce a function model which is a structural representation 
of the functions of a manufacturing system or enviroment, and of the information and 
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objects which interrelate those functions. As a communication tool, IDEFO enhances 
domain expert involvement and consensus decision-making through simplified graphical 
devices. As an analysis tool, IDEFO assists the modeler in identifying what functions are 
performed, what is needed to perform those functions, what the current system does right, 
and what the current system does wrong. Thus, IDEFO models are often created as one of 
the first tasks of a system development effort. 

The basic concepts of IDEFO is shown in Fig.l. A box represents a function. Arrows are 
constraints (input, output, control and mechanism) that define the boxes. "Data"(arrows) 
may be information, objects, or anything that can be described with a noun phrase. The 
input data( on the left) are transfered into output data( on the right). Controls(on the top) 
govern the way the function is done. Mechanism(on the bottom) indicate the means by 
which the function is performed. 

The primary strength of IDEFO is that the concise method has proven effective in 
detailing the system activities for function modelling. Additionally, the description of the 
activities of a system can be easily refined into greater and greater detail until the model is 
as descriptive as necessary for the decision making task at hand. 

IDEFl is a method used to establish the requirements for what information is or should 
be managed by the enterprise. It is designed to assist in discovering, organizing, and 
documenting the infomation image of physical and conceptual objects( e.g., people, places, 
things, ideas, etc.) found in the real world. IDEFl provides a set of rules and procedures 
for guiding the development of information models. 

Controls 

Mechanisms 

Fig.1. IDEFO Function 

Non-key 
Attribute 
Classes 

Fig.2. An IDEF1 Diagram 

The basic concepts ofiDEFl is shown in Fig.2. An IDEFl entity represents information 
maintained in a specific organization about physical or conceptual objects. An IDEFI 
entity class refers to a collection of entities or the class of information kept about objects 
in the real-world. Entities have characteristic attributes associated with them. The term 
attribute class refers to the set of attribute-value pairs formed by grouping the name of the 
attribute and the values of that attribute for individual entity class members( entities). A 
key class is a collection of one or more attribute classes which distinguishes one member 
of an entity class from another. A relation class can be thought of as the template for 
associations that exist between entity classes. The existence of a relation class is 
discovered or verified by noting that the attribute classes of one entity class contain the 
attribute classes of the key class of the referenced entity class member. 
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IDEF1 enforces a modularity that eliminates the incompleteness, imprec1s10n, 
inconsistencies, and inaccuracies found in the modelling process. The IDEF1 modelling 
exercise provides a foundation for database design, gives a definition of the information 
structure, and provides a requirement statement reflecting the basic information needs. 

2.2 Principle for the Integration of IDEFl with IDEFO 

IDEF family has about 14 methods, each of which is used to describe or model a system 
from its own perspective. Each type of model or description focuses on a relatively narrow 
set of relationships and system characteristics comprising a particular viewpoint of the 
overall system. They describe different information and knowledge of the same system. 
Therefore, each type of model cannot be converted or generated from another type of 
model directly and automatically. 

However, as these models are the models of the same system they should have 
consistency to a certain degree with each other. Some rules can be found to obtain 
consistency among various types of models. 

Secondly, these models share some common information or data sources although the 
models describe different charateristics or relationships of common data. 

Therefore, the integration of IDEF methods, in which various types of IDEF models are 
created, is necessary and feasible on the basis of the two points mentioned above. 

Specially for the integration of IDEFO and IDEF1, the following consistency rules exist 
between two methods. 

(1)The relation classes in IDEFl models exist between output and input entity classes, 
and between output and control entity classes of the same function in IDEFO models if the 
outputs are directly produced from the inputs and controls; 

(2)The relation class labels in IDEF1 model are associated with the corresponding 
function labels in IDEFO model to a certain degree; 

(3)The global IDEF1 model is based on the hierarchy structure of the IDEFO model. 
IDEF1 and IDEFO share the common data: the labels of entity classes. All the entity 

classes identified in the IDEF1 model must map to arrows at the relative bottom level of 
IDEFO diagram. In other words, the entity class labels of IDEF 1 models can be extracted 
from the relative bottom level ofiDEFO models. 

Therefore, the integration ofiDEF1 with IDEFO is necessary and feasible. 

3 KNOWLEDGE-BASED SYSTEM FOR THE INTEGRATION OF IDEFl 
WITH IDEFO (KBIDEF) 

The flow diagram of knowledge-based system for the integration of IDEF 1 with IDEFO is 
shown in Fig.3. The flow is theoretically based on the principle mentioned in the section 
above and is supported by the technologies of knowledge base, object-oriented database 
and window programming. The system consists of two databases: object-oriented IDEFO 
and IDEF1 databases, three libraries: Entity Class Library, Relation Class Library and 
Domain Relation Class Library, and two knowledge bases: Relation Analysis Knowledge 
Base and Domain Knowledge Base in addition to the main flow. 
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Read information from an IDEFO Diagram ~=========='91 
at relative bottom level 

Identify ent~y classes and Input their attribute classes 

Read entity classes arround box i (i=1 ,2, ... ,n) 

y 

Draw the globaiiDEF1 diagram on the hierarchy of IDEFO model 

Entity Class 
Library 

Fig.3. Knowledge-Based System for the Integration of IDEF1 with IDEFO(KBIDEF) 

The logic for the integration of IDEF 1 with IDEFO is feasible with the following seven 
premises: 

(1 )The information of IDEFO model in current IDEFO CASE tool should be in object
oriented data format and easy to be read; 
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(2)Input, control and output arrows of IDEFO diagrams at relative bottom levels should 
be entities; 

(3 )Relation classes exist only between output and input entity classes, and between 
output and control entity classes for the box currently analysed; 

( 4)1t is possible to collect the glossary of relation classes for the Relation Class Library. 
For each application domain, the glossary should be gradually standardized; 

(S)There are rules or knowledge(general and domain) which can be used to aid the 
analysis of relation classes and their types on the basis of function names and the structure 
of entity classes; 

(6)1t is possible to compile all entity classes and relation classes into a whole IDEFl 
diagram on the basis of IDEFO hierarchy structure; 

(7)1t is possible to draw IDEFl diagram automatically from object-oriented database of 
IDEFl model. 

The above seven premises will be investigated in detail in the next section. 
As shown in Fig.3., the Entity Class Library provides many generic entity classes and 

their key and attribute classes, on the basis of which the entity classes corresponding to the 
current IDEFO model will be identified and generated. The current IDEFO model and the 
related IDEFl model are stored in the Object-Oriented IDEFO Database and the Objected
Oriented IDEFl Database respectively. The Relation Class Library provides the glossary 
of generic relation classes, and the Domain Relation Class Library provides the glossary of 
special relation classes for the system design in the domain. The existence and the type of 
relation classes are analysed on the basis of the Relation Analysis Knowledge Base and the 
Domain Knowledge Base. 

4 STUDIES ON SEVEN PREMISES FOR THE KBIDEF 

(l)The information ofiDEFO model in current IDEFO CASE tools should be in object
oriented data format and easy to be read; 

Now we have an IDEF CASE tool. It can be used to aid the drawing ofiDEFO, IDEFI 
and IDEFIX models. But it hasn't integrated three models. We have original C/C++ 
source code ofiDEF CASE software and use it as the starting point of the new integrated 
IDEF CASE tool. The information of IDEFO model in the current IDEF CASE tool is in 
object-oriented data format. It has data dictionaries, can export IDEFO information in 
database format, and can creat five reports: Reference Report, Activity Report, Arrow 
Report, Consistency Report and IDEF Report. Therefore the information of IDEFO model 
in current CASE tool is easy to be read. Based on the object-oriented data format of 
current IDEFO and IDEFl models, the object-oriented IDEFO and IDEFl databases are 
built for KBIDEF. 

(2)1nput, control and output arrows of IDEFO diagrams at relative bottom levels should 
be entities; 

According to original IDEF definitions, arrows are constraints that define the boxes. 
Arrows may be information, objects, or anything that can be described with a noun phrase. 
Therefore arrows of IDEF diagrams at the relative bottom level may not be entities. In 
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order to integrate IDEFI model with IDEFO model, the following reqirements should be 
met in the IDEFO model. 

. The system currently analysed should be CIM information system . 

. Its Inputs, Controls and Outputs(ICO) can only be data elements . 

. It should be decomposed to the relative bottom level at which every 
ICO is not bigger than an entity class . 

. All entity classes should be identified and then their key and attribute 
classes should be defined by the human aid and system. 

(3)Relation classes exist only between output and input entity classes, and between 
output and control entity classes for the box currently analysed; 

According to the original IDEFI definition, a relation class is a meaningful association 
between two entity classes. In IDEFO models, there are inputs, controls, outputs and 
mechanisms arround a box( function). Mechanism is the person or device which carries out 
the function. Therefore for the function currently supported by mechanisms, there should 
be no relation classes between the mechanisms and others arround the same box. Inputs 
and controls are only related to the corresponding outputs respectively and thus there are 
no relation classes between inputs and controls for the same box. Therefore relation 
classes exist only between output and input entity classes, and between output and control 
entity classes for the box currently analysed. 

( 4)1t is possible to collect the glossary of relation classes for the Relation Class Library. 
For each application domain, the glossary should be gradually standardized; 

After investigating many cases of IDEFO and IDEFI models, it is found that sirniliar 
labels of relation classes are used in the same application domain. For example, in the 
IDEFI models of production scheduling, SATISFIES/SATISFIED, REQUIRES/ 
REQUIRED BY, BASED ON/BASES are always used as the labels of relation classes. 
Some words, like GENERATES/GENERATED BY, OUTPUTS/OUTPUTED FROM, 
CONTROLS/CONTROLED BY are common for the IDEFI models of various 
application domains. Therefore it is possible to collect the glossary of relation classes for 
the Relation Class Library. For each application domain, the glossary should be gradually 
standardized and stored in the Domain Relation Class Library. 

(5)There are rules or knowledge(general and domain) which can be used to aid the 
analysis of relation classes and their types on the basis of function names and the structure 
of entity classes; 

After studying the IDEF models of several systems and basic concepts of IDEFO and 
IDEFI, it is found that there are the following rules, for example, which are very useful to 
aid the inference of relation classes. 

Rule 101: If the control entity class at IDEFO box is something like "Requirements", 
the relation class between its output and the control may be "Satisfies/ 
Satisfied By"; 

Rule 201: If the function name at IDEFO box is something like "Produce ... "or 
"Generate ... ",the relation class between its outputs and inputs may be 
"Based On/Bases" or "Generates/Generated From"; 

Rule 3 01: If the attribute classes of one entity class contain the attribute classes 
of the key class of the referenced entity class, a relation class exists 
between the two entity classes; 
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Rule 302: If the primary key class of child entity class is the same as the one 
of parent entity class, the relation class between the two entity classes 
is "Categorization"; 

Frequently the relation classes and their types are more dependent on domain 
knowledge. For example, the type of relation class between entity classes "Operator" and 
"Machine" is determined by the factory regulations and practical situation. The type of 
relation classes may be "1: 1 ", "1 :M" or "M:N". Because of the complexity of information 
models and the differentiation of systems, some relation classes and their types should be 
determined by human interaction. 

(6)1t is possible to compile all entity classes and relation classes into a whole IDEF1 
diagram on the basis of IDEFO hierarchy structure; 

This can be done according to the following procedure: 
a. Common entity classes are searched from various IDEF1 diagrams corresponding to 

the IDEFO diagrams at relative bottom levels; 
b. Various IDEF1 diagrams are integrated into one by identifing the common entity 

classes; 
c. The whole IDEF1 diagram is drawn on the same page. 
It is difficult to draw the whole IDEF1 diagram automatically on one page by computer. 

This should be aided by some human interaction. 
(7)It is possible to draw IDEF1 diagrams automatically from the object-oriented 

database of the IDEF1 model. 
Our current IDEF CASE software is coded in C/C++ language. Some drawing functions 

have been ready in the software. These functions in C/C++ language can be called to draw 
IDEF1 diagrams by KBIDEF. 

6 CONCLUSIONS 

In this paper, a conceptual framework of KBIDEF for the integration of information 
model (IDEF1) with function model (IDEFO) is presented. On the basis of IDEFO and 
IDEFl concepts, the principle for the integration of IDEFl with IDEFO is analysed. The 
new requirements for IDEFO diagrams at the relative bottom levels are investigated to 
meet the prerequisites for the integration of IDEF models. Some knowledge and rules 
used for the integration are acquired for examples. The KBIDEF system consists of two 
databases: object-oriented IDEFO and IDEF1 databases, three libraries: Entity Class 
Library, Relation Class Library and Domain Relation Class Library, and two knowledge 
bases: Relation Analysis Knowledge Base and Domain Knowledge Base in addition to the 
main flow. 

Such a KBIDEF will overcome the major problems of manual generation of of IDEFl 
models. The IDEF1 models generated by KBIDEF are compatible and consistent with 
their corresponding IDEFO models. KBIDEF makes it easier, faster and more convenient 
for users to build the information models of CIM systems. KBIDEF will help to further 
enhance the popularity ofiDEF1 models in industrial community and therefore accelerate 
the process of CIM design and implementation. A prototype KBIDEF for CIM 
information system design has been built at the GINTIC Institute of Manufactuing 
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Technology, Singapore. The development of a prototype system and the application test 
of the system are being carried out. 

In the future the methodology of CIM information system design and implementation will 
be supported by the object-oriented technology. Hence, the authors hope to study further 
the integration of function model (IDEFO), information model (IDEF1), dynamics model 
(IDEF2) and object-oriented model (IDEF4). The process of CIM information system 
design will be further automated and accelerated by the future KBIDEF with the 
integration offour IDEF models. 
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