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ABSTRACT 

Conceptual data schema is constructed from the 

analysis of the business forms which are used in an 

enterprise. In order to perform the analysis a data model, 

a forms model, and heuristics to map from the forms model to 

the data model are developed. 

The data model we use is an extended version of the 

Entity-Relationship Model. Extensions include the addition 

of the min-max cardinalities and generalization hierarchy. 

By extending the min-max cardinalities to attributes we 

capture a number of significant characteristics of the 

entities in a concise manner. 

We introduce a hierarchical model of forms. The 

model specifies various properties of each form field within 

the form such as their oriqin, hierarchical structure, and 

cardinalities. The inter-connection of the forms is 

expressed by specifying which form fields flow from one form 

to another. 

The Expert Database Design System creates a 

conceptual schema by incrementally integrating related 

xiii 



collections of forms. The rules of the expert system are 

divided into six groups: 1) Form Selection, 2) Entity 

Identification, 3) Attribute Attachment, 4) Relationship 

Identification, 5) Cardinality Identification, and 

6)Integrity Constraints. The rules of the first group use 

knowledge about the form flow to determine the order in 

which forms are analyzed. The rules in other groups are 

used in conjunction with a designer dialogue to identify 

entities, relationships, and attributes of a schema that 

represents the collection of forms. 
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CHAPTER 1 

INTRODUCTION 

The research reported in this dissertation deals 

with modeling data objects and their relationships from the 

forms enterprises use to conduct their everyday business. 

We will develop models for both data and forms aspects of 

organizations. We then will construct rules and procedures 

to map from the form schemas to a data schema. 

~ Overview of the Database Design Process 

A rlatabase is a collection of inter-related facts to 

support the information needs of a particular user 

community. Date [DATE 82] defines a database system as 

"nothing more than a computer-based record-keeping system". 

With the recent growth in multi-application data sharing and 

information resource management the database can be viewed 

as an important cornerstone and the core of many automated 

information systems. Therefore, to design an information 

system we must be able to effectively design a database. 

The subject of database design embodies a wide range 

of activities, each of which requires a particular tyne of 

expertise. A widely accented design architecture is the one 

1 



2 

suggested in [ANSI 75] and [ANSI 78]. Figure 1 is a 

simplified hierarchical representation of such architecture. 

External view is the individual user, or application 

programs' view of data. Examples of such applications are 

order entry, personnel, and accounts receivable. As is 

implied by Figure 1, there may be several external views and 

they may differ in their interface to the data base system. 

Conceptual view is the global representation of the 

data. It is a single unified model of the universe of 

discourse, independent of the internal view and machine 

considerations. 

Internal view is the representation of the 

conceptual view in terms of the internal data and file 

structures. It is the coded form of data. For instance it 

describes the number of bytes and their offsets for each 

piece of data. This view is the closest to the stored data 

base. 

The design of data base systems falls into two 

general tasks: logical and physical design. We are 

concerned with the logical design in this dissertation. In 

[YAO 82] the process of logical data base design is 

classified into five phases. Figure 2 depicts these five 

phases. These phases are actually an elaboration of the 

[ANSI 75] and [ANSI 78] architecture at the logical level. 

Data and processing requirements of the system are 

captured at the requirements analysis phase. User's needs 



External 
Views 

EV 1 EV 2 EV n 

~l/ 
1----------------------1 

. I----~~~~:~:~::-~~:~---I 

Internal View 

Figure 1. Architecture of a Database System 

External View Individual users and/or applications 
programs view of data 

conceptual View: Unified model of data 

Internal View Internal data and file structures 

3 



1----------------------- 1 

I-~:~~~::~:~~:-~~::::~:-I 

1 1-----------------------1 
I-----~~:~-~~~::~~~-----I 

1 
----;~~:-~~~~~~~~i~~---I 

----------1------------
1 

1-----------------------1 
I---~~:~-~::~:~::~:~~~--I 

1 __________ 1 ___________ _ 
Schema analysis & 

Mapping 

Figure 2 Phases of Logical Database Design 
(Adopted From [YAO 82] ) 
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5 

are analyzed and data and processes are formalized. The 

objective of this phase is to formally and explicitly define 

the user's requirements. 

At the next phase, indiv.idual users' views are 

abstracted in an appropriate model. At the view integration 

phase, views are integrated into a comprehensive model. 

Some of the views may have conflicting requirements. These 

conflicts are resolved so that the conceptual model will not 

contain any logical inconsistencies. The output of the view 

integration phase is the conceptual view of the [ANSI 78] 

proposal. 

The last two phases are data base management system 

dependent. View re-structuring is the process of extracting 

users' views from the conceptual view, and translating it 

into the Database Management System (DBMS) schema. This 

schema is often in one of either hierarchical, network, or 

relational models. This model is then translated into 

storage representation of the DBMS. 

1.2. Database Design as Practiced Today 

Logical database design is generally practiced as an 

art. It requires human expertise which is expensive. It is 

time consuming and manual. Errors occur which later will 

show up and will require the tedious, expensive, and 

cumbersome operations of redesign. 



6 

Input to the design process is commonly gathered 

from interviews, questionaires, and other informal channels. 

The natural language database requirements collection often 

leads to incompleteness and inconsistencies. 

1.3. Scope of the Dissertation 

Figure 3 depicts the scope of this dissertation. 

Each business form is considered to be one user's view. The 

integration of data models which are derived from forms 

constitutes the view integration phase. 

of the system are embedded in the forms. 

Most requirements 

The schema can 

later be augmented in order to capture additional 

requirements. 

No attempt will be made to address the 

DBMS-dependent problems of the design. It is assumed that a 

DBMS is available which frees the designer from the details 

of physical design. This assumption is valid since there is 

a general trend in implementing general purpose DBMS rather 

than in-house ones. 

1.4. Beneficiaries and Users 

The main beneficiaries and users of this research 

will be the systems analysts and database designers. Their 

more productive work will ultimately benefit the 

organization for which they work. 
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1----------------------- 1 
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1-----------------------1 
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1 1-----------------------1 
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Figure 3 Scope of this Dissertation 
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A front end to this research is a form definition 

system with the novice as the target user. Novice users are 

engaged in a friendly dialogue with the system to describe 

the properties of the business forms they use. Later, they 

can access and manipulate data through the forms they have 

defined. The database schema is designed from the defined 

forms by the methods described in this manuscript. 

~ Advantages of Using Forms for Database Design 

Workers in organizations are quite experienced in 

the handling and manipulation of forms. Forms are the most 

widely used formal communications objects in most 

organizations. We define a form as any standardized set of 

data variables. This definition, hence, will include office 

forms, worksheets, reports, etc. The CODASYL End User 

Facility Committee (EUFC) has recognized the importance of 

forms and recommends the forms-oriented approach as the main 

vehicle for user interface [LEFTKOVITZ 79]. 

Figure 4 depicts a sample form. It is & blank 

"Sales Order" form of a hypothetical enterprise which will 

be filled out by the users with data. Most of the fields on 

the form are self-explanatory. In the later chapters and 

Appendices we will extensively describe and analyze this and 

some other forms. 



SALES ORDER 

TODAY'S DATE ---------- SALES ORDER 
NUMBER 

-----1 

BILL TO 

NAME 

ADDRESS 

CUSTOMER 
ORDER # 

-:~:-I 
SHIP TO 

------------------- NAME -------------------

------------------- ADDRESS -------------------

ORDER 
bATE 

----------1 
----------1 

PRODUCT NAME PRICE/UNIT QUANTITY AMOUNT 

TOTAL BEFORE TAX -----------> 
TAX ( %) -----------> 

TOTAL -----------> 

CUSTOMER TYPE 
RETAIL 

INSTITUTIONAL 

WHOLESALE 

INDIVIDUAL 

9 

------------------------------------------------------------

SALESMAN 
--------------------1 
-------------~------I 

------------------------------------------------------------

Figure 4. A Sample Form 
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We have identified the following advantages of forms 

in deriving the data model for an enterprise: 

1. Forms are formal models themselves. By studyinq and 

analyzing a form and its relationship to other forms 

many data object dependencies and mappings can be 

discovered. 

2. Forms are stable over time. Once designed they will 

be used over an extended period of time and as such 

are representative of organizations' policies. 

3. Usually the most widely used data are gathered or 

reported in a form and therefore important 

information can be obtained by analyzing the forms. 

4. Forms are the most popular means of gathering data. 

Most everyone has filled out a form and is familiar 

with the process. 

5. Forms are easy to read and understand. Consequently 

their analysis will be straightforward. 

6. Normally forms are accompanied by instructions. The 

instructions provide additional information on an 

orqanization's data. 

1.6. Methodoloqy 

Figure 5 depicts the analysis and design methodology 

in derivation of the enterprises' conceptual model. Double 

rectangular boxes represent meta models~ one for forms and 
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one for data. The forms model is similar to a hierarchical 

data model. The data model is an extended version of the 

Entity-Relationship Model (ERM). Forms represent the 

enterprise and hence the enterprise is abstracted by our 

form model. The "Mapping Rules and Heuristics" are applied 

to form schemas in order to derive an ERM for the 

enterprise. This is what we refer to as the Conceptual 

Schema. The broken line in Figure 5' represents additional 

information input to the design process which can not be 

captured from the enterprise's forms. 

Figure 6 depicts the procedure for deriving the 

enterprise Entity-Relationship Diagram (ERD). The schema 

for each form is first constructed. An ERD is then derived 

for each of the forms by analyzing its schema. By 

integrating the individual ERDs we develop the global ERD 

which corre~ponds to the Conceptual Schema of Figure 5. 

An automated software tool will be developed to aid 

the designer in mapping from the form schemas to a 

conceptual data schema. The Expert Systems paradigm will be 

utilized to implement this tool. The rules of the knowledge 

base component of this expert system are the mappings from 

the form schema to the ERM. 



Forms 
Model 

------------ -------------1 
Enterprise 

Enterprise - - - -) Forms 
Schemas 

***************** 
* Mapping * 
* Rules * > 
* and * 
* Heuristics * 
***************** 

Data 
Model 

-----) conceptual 
Schema 

---------------------------------------
Figure 5. Overview of the Methodology 

(Double boxes represent meta models) 
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FORM 1 
SCHEMA 

1-----1----- FORM 2 SO FAR SCHEMA 
EVOLVED ERD 1 
-----------~ 

-------------1 
SO FAR 

EVOLVED ERD 

G LOB A L 
E R D 

Figure 6. Synthesis Procedure 

13 
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1.7. Organization of this research 

This research is organized into seven chapters and 

five appendices. In present chapter we have attempted to 

place the work reported here in perspective. We have 

outlined the database design process and delineated the 

scope of our work as well as specifying the target 

beneficiaries. We also discussed and gave the rationale for 

choosing Ilforms" as input to the data design process. The 

overall methodology was also introduced. 

In Chapter two we extensively study the prior 

research on data modeling from forms and form models per see 

The forms models are drawn principally from electronic form 

processing and management research. We also study research 

on database modeling from natural lanquage input. 

In Chapter three we develop a data model based on 

the Entity-Relationship Model (ERM). The basic ERM is 

extensively augmented to capture the min-max cardinalities 

and generalization hierarchies. This model is one level 

higher than a database model and therefore can be mapped to 

any particular lower level database model. 

In Chapter four we have developed a model for forms. 

We classify the forms and identify their components. We 

then define and describe properties of the form fields and 

their relationships to each other. The model is independent 



of the physical characteristics of the media on which the 

form is displayed. 
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In Chapter five we will describe the architecture of 

the Expert Data Design System (EDDS). We will discuss the 

various components of this tool as well as the type of the 

functionality of its Inference Engine. This architecture 

uses multiple knowledge bases for its inferencing 

procedures. 

Chapter six is the detailed explanation of the rules 

employed to map from the form schemas to a conceptual 

schema. The rules are subdivided into appropriate 

categories. Examples of rules, their formalization, and 

their application to sample forms will be given for each 

category. 

Chapter seven concludes this dissertation. We will 

summarize the models which were developed and the approach 

we took to solving the problem. The highlights of the 

contributions will be brought into focus. We will also 

sketch some preliminary ideas on extending the work reported 

here. 

Appendix A describes a representative case from 

which we draw examples throughout this dissertation. It 

will also include the form schemas for the forms in the 

case. In Appendix B the components of the rules of the 

expert system will be listed in detail. They are the lists 

of variables, predicates, actions, and the rules themselves. 
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Some of the rules which are more difficult to comprehend 

will be illustrated in the last part of this appendix. In 

Appendix C we apply the rules to the case and summarize the 

results in tabular forms. Appendix D is a meta ERM model in 

that our extended ERM is modeled in itself. A subset of 

this meta model is used as the underlying schema of one of 

the knowledge bases of the expert system. The user manual 

for the Expert Data Design System will be presented in 

Appendix E. 



CHAPTER 2 

SCOPE OF RELATED AND PRIOR RESEARCH 

Prior research on form-driven database modeling is 

very limited. However, the broader subject of database 

modeling has been extensively covered in the literature. A 

database model is normally derived from the specifications 

given by, or derived from, the user. Production and/or 

acquisition of these specifications can be achieved through 

a number of different arproaches, and it is the aim of this 

chapter to review and discuss the relevant work in this 

area. To achieve this goal, we have divided this chapter 

into five sections. Section 2.1 reviews the prior work on 

the core of the subject of this dissertation, that is, 

document-driven database modeling. In section 2.2 modeling 

techniques based on limited natural language input are 

investigated. Section 2.3 investigates form models, that is 

the modeling of the form itself. Due to its important 

relevance to this dissertation a hroader coverage of this 

topic will be presented in Chapter 4. Section 2.4 

summarizes the chapter. 

17 
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2.1. Document-Driven Database Modeling 

The most directly related work in this area is that 

of [BATINI 84] who describe an extended Entity-Relationship 

Model as the model of the database. Their approach is to 

analyze each form, draw the ERD for it, and then synthesize 

the ERDs to form a comprehensive schema. For purposes of 

analysis a data glossary is compiled for each form. It 

contains information on data fields such as name, areas, 

description, instances, synonyms, aggregation of, 

generalization of, and a unique identifying code. 

Derivation of the global data schema is performed in 

a hierarchical fashion. The glossary of a form is used to 

convert from an area to a corresponding conceptual schema. 

An area is an identifiable sub-part of a form. The 

conceptual schemas of areas are then inteqrated to compose a 

form schema. Integration of form schemas will then result 

in a draft data schema. The draft data schema in 

co~junction with operations requirements are analyzed and 

explored to form the global data schema. Figure 7 depicts 

this hierarchical design. 

An area is defined as a logical sub-part of a form. 

They do not specify how to formally identify these logical 

sub-parts. The identification of them is a SUbjective 

assessment based on the designer's point of view. The work 

also suffers from the lack of formal specification for 



area 

I 
conceptual 
schema of 
area 1 

.\ . 1ntrratlOn 

area 2 

I 
conceptual 
schema of 
area 2 

form 1 schema •••.••••• 

~ 
intngration 

I 
draft data schemas 

area n 

I 
conceptual 
schema of 

arefl n 
~ 

form m schema 

Figure 7. Interpretation of the Hierarchical 
Design of [RATINI 84] 
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mapping from an area to a data schema. In addition, 

integration of the schemas into the global schema is not 

algorithmically derived. The decisions to be made in 

deriving the global schema is subjective, not automated, and 

dependent on the analysts experience and judgment. 

Holsapple, Shen, and Whinston implemented an expert 

system to design a database schema [HOLSAPPLE 82). The 

model of the schema is an extended version of the network 

model which includes many-to-many and recursive sets in 

addition to the traditional network model features. 

They introduce the concept of Report Schema. A 

report schema is a formalization of a report and consists of 

two sets~ a set of record types and a set of binary 

relations between the record types denoted X and Y, 

respectively. A report schema, RPT can be formulated as: 

RPT = 

X = 

Y = 

R 

B 

X , Y , where 

and, 

R[i), R[j) (R[i), R[j) ) EX 1 

Where R is a record type, B is a binary relation, [i) means 

subscript i, and E is read as "an element of". They do not 

specify how to identify a record within a report. 

Knowledge about DB design is represented as 

production rules. Productions can be added or deleted from 

the set of the rules. There are three sets of rules 

corresponding to three stages of design. Stage one 

production rules are used to transform report schemata into 
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binary schemata. Binary schemata is the traditional 1-1, 

1-m, m-n relationships between data items with the addition 

of INSAMER (A,B) which means that data items A and B are in 

the same record. In stage two, rules are utilized to find 

the maximal members and reduce the number of data item 

relations if possible. The maximal member of a report is a 

record within the report which covers all other records 

within the same report. The third set of rules actually 

create the database schema. 

The major contribution of this work is the 

application of expert systems to the area of database 

design. The major limitation is that the record types are 

already identified. Another limitation is the reliance on 

managerial reports only. Many of these reports contain 

aggregates \vith their underlying data items not appearing in 

any other report. The translation rules are very simplistic 

and not realistic. Forms are much more complex objects than 

the reports which are used in this work. More importantly, 

some structural properties of data can not be readily 

visible from these reports. Examples are relationships 

between data items and specification of keys. 

[GERRITSEN 75] and [GERRITSEN 82] use queries to 

drive the database schema. It is assumed that the queries 

are known in advance and hence by analyzing them one can 

drive good database schema. He uses a two phase procedure 

to automatically derive the database design. In phase one, 



for each anticipated query, one or more assertions are 

generated. The set of assertions over all anticipated 

queries is the output of phase one. In phase two, record 

relationships, record contents, and database keys are 

computed. The output of phase two is a CODASYL conceptual 

schema. 

There are two automated tools to aid in achieving 

the transformation from queries into database schemata; 

DESIGNER which automates much of the logical design, and 

DBD-DSS (Data Base Design-Decision Support System) which 

assists in the physical database design and database 

restructuring. The system is dependent on the HI-IQ 

(HIerarchical Interactive Query) which is a hierarchically 

structured non-procedural language. 
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The major limitation of this work is that all data 

items and queries must be known in advance. Identifying the 

universal relation (i.e. all data items) is a major 

analysis effort by itself which is assumed away in this 

work. In addition the dependency of the DESIGNER on the 

HI-IQ language is a major restricting factor on the wide 

usability of it. The major contribution of this work is the 

automatic derivation of relationships between data items 

from queries. 

In [ROUSSOPOULOS 84] a four phase comprehensive 

database design is proposed. It is comprehensive in that it 

starts the database design from the analysis of the 



environment which has to be modeled. The design stops at 

the physical level. 
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Phase one, called environment and requirements 

analysis is mainly concerned with information collection. 

The enterprise is modeled as an information processing 

system. The model is developed from interviews, document 

reviews, questionnaire analyses, reports, forms, charts, 

software documentations, etc. The output of phase one is an 

information flow model. This model contains main activities 

of the business, data processing functions, and documents. 

These components are interconnected by directed arrows to 

show the movement of data in the model. 

In phase two, systems analysis and specification, 

activities which were identified in phase one are divided 

into tasks. The characteristics of each task such as its 

input/output documents, frequency of the execution of the 

task, and operations which must be accomplished by it are 

specified. The documents which the tasks use are defined in 

terms of their data elements. The specification is similar 

to hierarchy of levels in the COBOL's data division but 

without the picture clauses. The outputs of phase two are 

task flow diagrams, one for each activity. This diagram is 

actually a detailed version of the information flow diagram 

of phase one. It shows the control and data flow among the 

tasks in the system. In addition, two usage matrices are 

derived. One is document/task usage and the other is the 



task/data element usage. They show what tasks use what 

documents and what tasks use what data elements, 

respectively. 
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The objective of phase three, conceptual data 

modeling, is to map from the outputs of phase two into a 

conceptual schema that is a data model only. A two level 

language is used to describe the conceptual model. Each 

level has a graphic interface. The first and higher level 

language is similar to Chen's Entity-Relationship model 

[CHEN 76] with the addition of a variation of the min-max 

cardinalities (see Chapter 3). It defines the entities, 

relationships, and their properties (EPR). There is no 

algorithm to identify EPRs other than basic heuristics such 

as: names are entities, verbs are relationships, and 

adjectives are properties. Some heuristics which are used 

to identify EPRs are stated in Table 1. The second level 

language is more detailed and formal. It describes the data 

types, ranges, domains, and sizes of the attributes as well 

as the specification of the primary key for each entity. 

User defined types can also be defined. 

In phase four, derivation of a logical access path 

schema, the conceptual schema developed in phase three is 

mapped into the target DBMS's logical schema. Each task 

(identified in phase two) is evaluated to obtain a logical 

access path (LAP) to the database. The LAPs of tasks are 

then integrated to form a global logical access path. 
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Table 1. Heuristic Rules to Identify EPRs 
(Adopted from [ROUSSOPOULOS 84]) 

CLUES 

Unique code 
identifier 

Does A 
characterize B 

Is D a 
component of C 

A is a B 

Events 

Numerical 
dependencies 

EPR 

entities 

A is a property 
B is an entity 

C is an entity 
D is either an 
entity or a 
property of C 

both A and B 
are entities 

inter-relation
ship among 
entities 

1- 1 , I-m , m-m 
relationships 

EXAMPLE 

PROJ-NO identifies 
PROJECT entity 

.... 

ADDRESS characterizes 
PROJECT 

ORDER-LINE is-part
of ORDER 
PRODUCT-NO is-part
of ORDER-LINE 

DATE-ORDERED 
is-a DATE 

event ORDER-PLACEMENT 
indicates a relationship 
between PROJECT and ORDER 

ORDER may have multiple 
LINES but each LINE has 
one PROD-NO and one 
QTY-ORD 
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No formal model of a form exists in this work. They 

define a document as a general information recording medium 

such as messages, forms, files, inquiries, and reports. The 

formalism is sacrificed for the benefit of comprehensibility 

and generality. Derivation of entities, relationships and 

properties is similar to [CHEN 83] but less elaborate. 

2.2. Natural Language Input 

In some systems natural language constructs are used 

as input to a database modeling tool. Although they all use 

natural language as input, the degree of automation and the 

architectural approaches vary widely among these systems. 

We will report three such systems here. 

In [BOUZEGHOUB 83] the design and implementation of 

an expert system for database design is reported. From the 

facts which are in a quasi-natural language in French, a 

conceptual relational schema in third normal form or an 

internal relational schema optimized for query processing is 

produced. The system is called SEeSI. 

Like other expert systems (see, for example [DUDA 

81] and [DAVIS 77]) SECS! consists of a fact base, a rule 

base, and an inference engine. The rule base contains 

normalization rules as well as some system dependent rules, 

and may even contain application dependent rules. The fact 

base contains description of the application. Each fact (as 
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a sentence in quasi-natural language) is parsed and 

interpreted. If the sentence can be understood, it will be 

stored in the fact base, otherwise one of the two courses of 

actions will be taken. If a minimum number of interpretable 

elements are not present, the sentence will be rejected, or 

if there exists the possibility of interpretation of the 

sentence a complimentary dialogue will be started 

The inference engine, driven by the rule base, 

performs the deduction process and generates the 3rd normal 

form relations and optionally an internal schema with an 

indication of indexes to be created. The inference engine 

runs in an interactive mode, that is, it may ask questions 

from the database administrator while making deductions. 

The quasi-natural language input is very 

unstructured as compared to a form which is a more 

structured object. For a small design this implies many 

sentences and the possibility of redundancy and overlapping 

of sentences. For a large design, the volume of sentences 

to input to the system may become un-manageable. Describing 

a system with these sentences could easily become cumbersome 

and impractical. 

In [EICK 84] different user groups express their 

requirements in natural language. The intentional knowledge 

of the users, represented in S-diagrams, is developed from 

these expressions. An S-diagram is one of the variations of 

semantic networks. The system engaqes the user in a 



conversation in order to derive the syntactical properties 

of a word, if it does not understand the word ( does not 

have the word in its dictionary). After understanding the 

word it can add it to its dictionary. 
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An integration tool constructs, from the individual 

user's views expressed as S-diagrams, a comprehensive 

conceptual schema. After going through some refinements, 

the final S-diagram is augmented by existence and functional 

dependencies of the universe of discourse. It then can be 

used as input to produce a DBTG or a relational schema. 

The system, being conversational, bridges the gap 

between database experts and application experts. Like 

other natural language processing systems, it may ask a 

number of irrelevant questions, especially when the 

dictionary is almost empty. The major contribution, 

however, is its comprehensibility in that it covers the 

design from requirements specification down to the 

conceptual schema. The natural language input is less 

restricted than the one of [BOUZEGHOUB 83] and is similar to 

[GERRITSEN 75] and [GERRITSEN 82] in that queries are the 

initial input to the system. 

In [CHEN 83] the correspondence between English 

sentences and the Entity-Relationship Diagram (ERD) is 

investigated. The English sentences are translated into ERD 

according to eleven mapping rules. These rules with some 

examples are presented in Table 2. 
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Table 2. Mapping from English to ERD Adapted from [CHEN 83] 

English 
construct 

l.common noun 

2.transitive verb 

3.adjective 

4.adverb 

5.there are 
x in y 

6.the x of ~ is z 
(where Z 1S a 
proper noun) 

7.the x of y is z 
where z is not 
a proper noun) 

8.the object of 
algebraic or 
numeric operations 

9.gerund (noun 
converted to 

a verb) 

10.clause 

II.sentence 

ER 
construct 

entity type 

relationship type 

attribute of an 
entity 

attribute of a 
relationship 

HAS is a relationship 
type between x and y 

x is a relationship 
between y and z, where 
y and z are entities 

x is an attribute of 
z, where y is an 
entity and z is a value 

attribute 

relationship 
converted 
entity type 

an entity type which 
is an abstraction of 
lower level entities 
and relationships 

one or more entity 
types connected by 
a relationship type 

example 

a person 

owns in "person owns 
a car" 

project no. in " Joe 
works for project no. 

, 2341" 

% of time in "a person 
works on a project a 
certain % of his time 

department has 200 
employees 

the father of J. Smith 
is R. Smi th 

the color of the desk 
is blue 

credit limit in 
"maximum credit is 

$2000" 

shipping in "products 
are shipped to 
customers, and the 
shipping is performed 

by clerks" 

assignment entity 
abstracts which 
machine is assigned 
to which employee in 

"manager decides 
assignments" 

sentences can be 
decomposed into 
clauses (see clause) 
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The ERD derived in [TEOREY 80] was also composed 

from these eleven rules for comparison purposes. It was 

concluded that the ERD of [CHEN 83] is a more faithful 

description of the English representation of the same case. 

However, in [TEOREY 80], as a result of the authors' 

intuition, some additional information which are not present 

in the English description of the case, are included in the 

ERD. 

These rules provide a basis for translating the 

English description of an information system into an ERD. 

Although it seems possible, the automation of this process 

is not pursued or even suggested. For purposes of database 

design, these rules are not complete. Some additional facts 

and heuristics are needed for that purpose. In other words, 

a one-to-one correspondence between the English clauses and 

the Entity-Relationship constructs is not enough by itself. 

However, we may adapt these rules to the textual part of 

forms in order to construct part of our database model. 

2.3. Forms Models 

In this section we review some models of forms. 

This is an attempt to study prior work on modeling or 

abstracting forms. 

In [TSICHRITZIS 82] a distinction is made between 

form type, form instance, form, and form template. A "form 
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type" consists of a set of attributes XO, Xl, ••• , Xn, where 

XO is a unique identifier of the form instance, and a set of 

operations procedures PI, •••••• , Pm. The set of attributes 

can be grouped and nested therefore they can be viewed as an 

un-normalized relation. Sample operation procedures on 

forms are: check domain of values, enforce various 

constraints, trigger actions affecting other forms, etc. 

A "form instance" is an occurrence of attributes of 

the form type with the application of the operations 

procedures on them, if any. A "form" is merely the set of 

values of attributes of a form instance without the 

operation on the data. A "form template" is a mapping which 

maps from a form instance to a message in a particular 

communication medium. There may be several templates for 

the same form type; for example, a text template, a voice 

template, and a display template. A set of template 

instances can be defined over an instance of a form. A form 

instance, therefore, may have more information than any of 

its templates. 

Novel ideas of this work are incorporation of 

operations into the definition of the form type and 

generalization of form templates to any medium of 

communication. Viewing data as un-normalized relations 

generalizes the concept of the attributes of the form type 

but hinders the actual logical modeling of data. In other 

words, the model does not offer any help in designing and/or 
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deriving relationships between data items and their mappings 

to a data model. 

In [TSICHRITZIS 80] and [LADD 80] forms are viewed 

as structured data. An instance of a form carries three 

types of information: 

1. The form ~, that is, kind of fields it contains; 

2. a permanent unique identifier called a form key; 

and, 

3. field values which are form contents. 

A one to one correspondence exists between a form 

instance and a record of values of the form contents. Each 

form instance is a tipple in a relation which can be 

accessed (either sequentially or according to field values) 

by MRS, a language similar to SQL. A form instance has a 

unique key; its value is automatically assigned at creation 

time from a central key assigner. This key is actually a 

field on the form. 

Form files serve as repositories of forms. Form 

files are composed of relational tuples and form blanks. A 

logical dossier can be constructed by threading a number of 

forms together. A dossier can be displayed by scrolling its 

forms on the screen. Dossiers are implemented using logical 

pointers and therefore are not explicitly stored. 

An interesting aspect of this system is the 

similarity between the concept of a dossier and a relational 
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view. A contribution of this work is the integration of the 

data management and form processing through a common 

database. The system does not help in designing the 

database. It assumes a given design and merely accesses and 

updates the database through the MRS. The one-to-one 

correspondence of a form instance to a tipple of a relation 

is simplistic and does not portray the reality of forms. A 

form is, generally, a much more complex object than a 

relation. 

In [LARSON 84] a forms pattern language is developed 

which can be utilized to manipulate a database. Its 

features are very similar to Query-By-Example of [ZLOOF 

77 a] • 

The model of the form consists of a blank template 

with pre-printed (pre-displayed) attribute names. Each form 

has a unique name. An interesting aspect of this model is 

the hierarchical structure of the forms. The hierarchy of 

forms is displayed as nested forms (forms within forms). 

Each form is a window to the database. The windows can be 

opened and closed. An open form template window consists of 

the form type name, its attribute names, and the closed form 

template windows of its sub-forms. A closed form template 

window consists only of the form type name. Figure 8 is an 

example of an Employee form which contains Proficiency and 

Work Preference sub-forms. 
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1-------------------------------------------------------I 
1 EMPLOYEE I 
-------------------------------------------------------

Name: [ ] 
Age: [ 
Job: [ 

1-------------------------------------------------
PROFICIENCY 

Skill: 

WORK PREFERENCE 

Preference: 

.-------------------------------------------------------I 
Figure 8. Nested form of [LARSON 84] 
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Like the work of [TSICHRITZIS 80] and [LADD 80] the 

form pattern language is a mere interface to the database 

and does not c~nform to the reality of form objects which 

people use in their everyday livesn 

In [LUO 81] (like [LARSON 84]) the idea of 

Query-by-Example [ZLOOF 77] is applied to forms. Forms are 

the main objects processed by the Forms Operation by Example 

(FOBE) system. A form is regarded as an un-normalized 

relation [CODD 70], or as a file containing nested repeating 

groups. Figure 9 is the BNF definition of a form. 

According to [LUO 81] forms consist of form schema, S, and 

form extension, E. Form schema is defined recursively as 

consisting of a form name and one or more attributes and 

other form schemas. A form extension is a subset of the 

cartesian product of attribute domains. 

Three equivalent representations of the same form 

are given: 

1. Graphic version. Figure 10 is the graphic 

representation of a department form. 

2. Linear version. Figure 11 is the linear 

representation of the same form. 

3. Tree structure. Consists of three parts: a} a 

definition tree, b} an occurrence tree, and c} a set 

of occurrence functions. 



FORM ::= [ S E 1 
S::=F(M) 
M ::= A I ss I A , SS 
F ::= <form name> 
A ::= <attribute> I A , <attribute> 
SS :: = S I ss , S 

Figure 9. BNF Specification of a Form ([LUO 81] ) 

------------------1 
DEPARTMENT 

------ -----------
CLERK 

DD# ----- -----
CE# CAGE 

------ ----- -----
------ ----- -----

101 25 
1 102 28 

103 35 
------ ----- -----

201 25 
2 202 30 

203 34 
------ ----- -----

Figure 10. Graphic Representation of a Form 
[LUO 81] 

-----------------------------------
DEPARTMENT(DD#,CLERK(CE#,CAGE» 

Figure 11. Linear Representation 
of a Form [LUO 81] 
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Definition tree is the form schema. Each node in 

the tree represents a form and has the format 
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S(al,a2, •••• am) where S is the form name and al through am 

are its attributes. Figures 12 and 13 show the definition 

tree and the occurrence tree respectively. An occurrence 

function maps from the definition tree to the occurrence 

tree. Figure 14 depicts some of the occurrence functions of 

the same example. 

Although the form model is rich from a form 

processing standpoint, it is not complete. Each form 

attribute has a number of important characteristics (besides 

the hierarchical relationships between the form attributes) 

which are ignored in their model. In addition v their model 

does not provide for instructions on the form which may be 

very important from a design standpoint. Their model is 

actually an un-normalized relational model with some 

associated operations. 

In [SHU 82] an attempt is made to automate the 

business procedures in an office environment. Two high 

level languages, forms processing language and business 

procedure definition language, are defined. 

Forms processing language is a formal means of 

specifications. Each form has two parts; a form heading and 

an instance of a form. A form can loosely be thought of as 

a file where each instance of the form is a record. In this 

context the form heading will be equivalent to schema 



-----------------------------------
DEPARTMENT(DD#) 

CLERK(CE#,CAGE) 

Figure 12. Definition Tree of 
[LUO 81] 

____ ROOT~ 

/l~ /2~ 
------ ------ ------ ------ ------ ------
101 25 102 28 103 35 201 25 202 30 203 34 

Figure 13. Occurrence Tree of [LUO 81] 

occ(DEPARTMENT)= {1,21 
occ(CLERK)={101 25, 102 28, 103 35, 201 25, 202 

30, 203 341 

Figure 14. Occurrence Function of [LUO 81] 
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definition or data structure definition of a database 

environment. 
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The form heading identifies the form's name, its 

components, and structural relationships among the 

components. Components of a form are items which are 

smallest unit of data, and groups which are sequences of one 

or more items. A group may be repeating, in which case it 

may have more than one instance, or non-repeating where it 

has only one instance. Groups can also be nested. An 

example of a non-repeating group is DATE consisting of 

MONTH, DAY, and YEAR items. Parentheses are used to denote 

repeating items or repeating groups. Figure 15 shows a form 

named product. 

The basic unit of form specification is a form 

process. Each form process is defined as an activity which 

takes one or more inputs and produces one form as output. 

For example sending out a product to a customer involves two 

forms processes; reduce quantity on hand for that product in 

the stock file, and issue an invoice to the customer. 

Figure 16 is an example of a form process. 

Major types of process operations are DEFINE, 

CREATE, DERIVE, INSERT, DELETE, UPDATE, QUERY, PRINT, and 

COMPOSE. These operations carry the conventional meaning of 

data processing terminology. Some of them, however, need 

clarification. CREATE creates a permanent form from already 

defined forms. DERIVE is identical to CREATE except that it 
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(product) 

(SUPPLIER) (STORAGE) 
PROD NO PNAME TYPE ---------- ---------- PRICE 

- SNA~lE BIN_NO I LOC 

Figure 15. A Form Heading [SHU 82] 

INSERT NEWPROD : INSERT INTO PRODUCT 
----------------------------------------------1 

(product) 

(SUPPLIER) (STORAGE) 
PROD NO PNAME TYPE ---------- ---------- PRICE 

- SNAr-1E BIN_NOILOC 

SOURCE * * * I * * I * I * 
END 

Figure 16. A Form Process [SHU 82] 



is a temporary file. COMPOSE is an operation which allows 

insertion of data (from data files) into a text file. It 

combines word processing and data processing activities. 
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The DEFINE operation specifies a form and the 

characteristics of its data. Figure 17 is an example of 

form specification using the DEFINE operation. The first 

column of this figure is a list of the characteristics of 

data. Most of these are self-explanatory. "y" or "n" mean 

yes or. no, respectively. Angle brackets mean refer to 

footnote number identified inside these brackets. ch(n), 

chv(n), num(n), and num(m)num(n) mean character of length n, 

variable length character of maximum length n, integer of 

length n, and a number with m digits before and n digits 

after the decimal point, respectively. UNIQUENESS refers to 

the fact that instances of an item may be unique in the 

form. ORDER refers to ordering of instances of items. ASC 

is for ascending and DES is for descending order. 

Specification of VALUE can be used to provide information on 

the validity of data and impose a constraint that must be 

enforced. OCCURRENCE specification is used to provide data 

volume information useful for storage allocation. 

There is a general similarity between this and the 

work of [HAMMER 77] in that both attempt to formalize 

document processing and both introduce languages to do so. 

The work of [SHU 82], like many others, ignores the design 

aspects of the database underlying the forms. The form 



DEFINE PRODUCT 

(product) 

1 (SUPPLIER) (STORAGE) 
PROD NO PNAME TYPEI---------- ---------- PRICE 

- SNAME BIN_NOILOC 

DATA
TYPE 

KEY 

Nm1 
( 3 ) 

Y 

UNIQUE/ 
-NESS Y 

/ 
CHV I CHV 
(6) (9) 

CHV 
( 8 ) 

Y 

N 

/ 
CHV / / 
(4) <2> <1> 

Y 

Y 

ORDER 1 ASC 1 1 ASC 
-----------------------------------------------------
VALUE IGT 100 1 1 1<3>1 

NULL_ I 
OK Y y 

/ 
-----------------------------------------------------
OCCllRR\ 
ENC!:": 1000 16 10 I 
< 1> I NUM ( 7 ) • NUM ( 2 ) 

< 2 > I CHV ( 1 5 ) 

<3> 
/ 

.l\NY OF • 
( 'SAN JOSE', 'SAN FRANCISCO', 'BOSTON', 3'?') 

END 

Figure 17. DEFINE Process [SHU 82] 
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model is relatively rich in describing the attributes of the 

form fields and their hie'rarchical relationships. 

In [STUDER 84] VDM ( see [BJORNER 78] ) which is a 

formal specification technique is used to model forms. It 

is assumed that the forms oriented interface of a system 

feeds from a forms dictionary (FormDictionary). Figure 18 

depicts the syntax of the form description model. 

FormTypeId is the unique identification for each 

form type. FormDescription consists of FieldDescriptors 

which are keywords to FieldDescriptions. A FieldDescription 

defines the data type of the field (FieldType) with its 

level of protection (ProtectionIndicator). 

Occurrences of forms are identified by FormOccId. 

The notion of a "form database" ('FormDb' is introduced 

which maps from occurrence identifiers to the corresponding 

abstract forms ('Form'). Figure 19 shows this mapping. 

"How" the information is represented on the screen 

is not specified by this model. That is, the layout of the 

form is not specified. Rather "what" the form represents is 

modeled here from a functional specification standpoint. 

This makes the model implementation independent. The form 

model, however, does not specify the relationships between 

form fields. VDM is a comprehensive formalization for 

specifying programming languages. Its application to form 

specification, although novel, is not easy to understand. 



FormDictionary = FormTypeId --------> FormDescription 
m 

FormDescription = 
FieldDescriptor ----------> FieldDescription 

m 

FieldDescription :: FieldType [ProtectionIndicator] 

FieldDescrirtor = QUOTE 

ProtectionIndicator = QUOTE 

FieldType = INTEGER I STRING I 

Figure 18. Syntax of Form Description Model [STUDER 84] 

FormDb = FormOccId ----------> Form 
m 

Form = FieldDescriptor ----------> (FieldValue U InputFieldRepr) 
m 

FieldValue = Integer I string I QUOTE I •••.• 

InputFieldRepr = {STRING-INPUT, QUOT-INPUT] 

FormOccTyne = FormOccId ----------> FormTypeId 
m 

Figure 19. Definition of Form Datahase [STUDER 84] 
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The same result could be achieved through the use of a more 

widely used model such as BNF. 

In [HAMMER 77] Business Definition Language (BDL) is 

described. It is a high level data processing oriented 

language which uses four types of objects. These are 

documents, steps, paths, and files. 

A document is the fundamental data item in BDL. It 

is a form template filled by the user which consists of an 

organized set of primitive values. Documents serve as 

information representation as well as units of input and 

outputs. A step can read documents, perform some 

computations, and then produce new documents. An 

irreducible step defines the derivation of output documents 

from input documents. Irreducible steps are decompositions 

of composite steps. A path connects two or more steps 

together. It defines an output document for one step and an 

input document for another step. Files are used to save the 

documents. 

Each BDL program has three major components. Form 

Definition Component (FDC) defines the forms which will 

contain documents. Document Flow Component (DFC) 

graphically represents steps, paths, and files. Document 

Translation Component (DTC) specifies the procedural 

interpretation of the irreducible steps. 

FDC allows the user to define forms by drawing 

rectangles and filling in sample field contents on a 
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graphics terminal. The physical layout of the form is first 

described by specifying its size, its pre-printed 

information, fields, and fields headings. Field names are 

specified by filling out the blanks parts of the form. As 

such a field name can not be longer than the blank part left 

for it when the form was laid out. For each field its data 

type and format must be specified. Higher level data types 

such as DOLLARS, DATE, INCHES, etc. are available. They 

allow for automation of some integrity constraint 

enforcements. For instance adding dollars to inches could 

automatically be detected and reported. Groups of fields 

can be specified by giving them a name. When a group field 

is repeating (a set of tuples) a field may be designated for 

it as the key. In addition, for any repeating field or 

repeating group field an order (ascending or descending) may 

be specified by the user. 

DFC is a graphical interface to describe data flow 

by means of a directed graph. Components of this graph are 

steps and files. Steps are represented as rectangles and 

files as circles. They are interconnected by paths which 

are depicted as directed edges. Solid edges (paths) 

interconnect steps, and dashed paths interconnect steps and 

files. The label of each edge is the name of the document 

which flows over that path. Input documents are actually 

destroyed after they are absorbed by a step but files always 



exist. A file is a permanent group of documents in which 

each record is a document. 
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No concept of database exists in the BDL. Each 

document is simply a filled form and stored as a record in a 

file. BDL is one of the earliest reported works on 

electronic form definition and manipulation and it appears 

that the later systems were greatly influenced by it. 

However, as was mentioned earlier, the one-to-one 

correspondence between a document and a record is simplistic 

and do not confo~m to the realities of the database 

environments. 

In [ZLOOF 77b] and [DEJONG 80] System for Business 

Automation (SBA) is reported. SBA is an attempt to 

integrate screen management and databases in order for a 

non-programmer to incrementally specify an entire 

application. It deals with tables and forms which are 

already familiar to the non-programmers. QBE [ZLOOF 77a] is 

an important underlying part of SBA. 

The building blocks of SBA are "boxes". A box can 

represent data, programs, people, locations, etc. Each box 

is an independent object containing data and instructions to 

e7<:ecute some application. They can communicate and can 

cause the execution of each other or themselves upon the 

occurrence of some event. They can also execute 

concurrently. 
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Each box has four parts: identifier, input, output, 

and contents or body (see Figure 20). An identifier is the 

name of the box and must not be confused with the usual 

meaning of identifier as the key of some grouping of items. 

Input/output sections communicate with other boxes. The 

input section specifies what boxes or messages this box is 

able to receive and under what conditions it can receive 

them. The output section specifies what objects this box 

can produce and, optionally, the identifiers of the boxes 

which these objects are to be sent to. Any of the four 

sections can be absent except for the identifier. 

Figure 21 shows the definition of an order form by 

the user. FORM and MAPPING are reserved boxes of SBA. By 

the use of the FORM box the user defines and paints the form 

named at the top of the box. The MAPPING box maps from the 

fields of the form just defined to known tables by the SBA. 

As an example in Figure 21 tables ORDERH and ORDERB are 

already known to the system. Notice that the fields on the 

form are linked to the tables by the use of ~, ~, I, and Q. 

The only function of these letters is to map from the form 

field into table fields. Figure 22 shows creation of order 

by Philip Dick, and Figure 23 shows insertion of that order 

into an order file. 

SBA is built on QBE. Queries are expressed, in 

almost identical manner, as in QBE. Other features of the 
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identifier 

INPUT OUTPUT 

input section output section 

Figure 20. The Box of SRA 
Adorted from [DEJONG 80] 

body 



----------1--------- 1 

ORDER N 1 

FORM 

NUMBER N 

CUSTOMER C 

ITEM QUANTITY 

I Q 

MAPPING 

ORDERH NUMBER CUSTOMER 

N C 

ORDERB I NUMBER I ITEM QUANTITY 

-------I---;----I---~-- Q 

Figure 21. Definition of an Order Form 
Adopted from [DEJONG 80] 
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---------------------------------1 

PERSON PHILIP DICK 

I. ORDER 653 

NUMBER 653 

CUSTOMER UBIK INC 

ITEM QUANTITY 

GLASS 6 
DRESSES 41 

Figure 22. Insertion of an Order 
Adopted from [DEJONG 80] 

File ORDERS 
-------- ------------- ----------

COPY. 
------- -----1 

ORDER 653 ------- -----1 
---------------------------------

Figure 23. Copying an Order to Order File 
Adopted from [DEJONG 80] 
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system uses the same philosophy as in QBE. For instance 

conditions may be specified using examples. 

52 

SBA is probably the first commercial product which 

integrates database query and modification, form flow, 

program triggering, and report generation. Users can define 

the application in a piecemeal fashion without being 

required to specify the entire application at once. 

However, it suffers from three main shortcomings. First, 

tables and their related forms and reports must be defined 

by the user. As such it does not offer any help in the 

logical design of the relational tables. This can cause 

substantial problems for large applications and/or 

integrated information systems. Second, since the body of a 

box can contain other boxes the description of an 

application may not fit on one screen. There is no 

indication in the reported work on how to manage the screen 

space. And third, although the developers claim user 

friendliness of the system, we believe thAt, except for 

trivial applications, the semantics of the application and 

the inter-relationships between data, input/output and 

procedures could soon get out of the realm of a 

non-programmer user. 

In [YAO 84], the FORMANAGER is developed to define 

and process the form applications. Each form in an 

application is a view of an underlying database. The 

database is a relational one with a SQL language interface. 
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A form schema consists of form field definitions and 

a hierarchical' groupings of form fields. A form field 

definition consists of form's name, its position on the 

form, its domain and specification. The specification of a 

form field includes its relationship to the underlying 

database and its role in the application. The role of a 

field in the application can be defined as search, output, 

or entry field. A search field is used to display values of 

other form fields. Output fields are the ones which appear 

on the blank form when the search is executed. An entry 

field specifies that the entries for the field will result 

in an insertion into or an update to the underlying database 

when a commit command is issued. When defining the form 

each field must be mapped to either a specific database 

attribute or other form fields. 

An entire form is displayed through search fields. 

That is, the user enters the search field values and other 

form fields appear on the form. The "output" type form 

fields can also be specified as "entry" type. In that case 

the displayed fields can cause update to the underlying 

database field(s) if the users chooses so. 

FORMANAGER translates search, insert and update 

actions into proper SQL commands. Algorithms are presented 

to perform this translation. There are three distinct 

phases in a form application: pre-processing, processing, 

and post-processing. 
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At the pre-processing phase through algorithm 

FORMQUERY a SQL query is compiled based on the search and 

output type form fields. The search variable will be bound 

at the processing phase. The algorithm is presented based 

on the assumption that there is only one query (application) 

for each form. The designer must know the application and 

be able to define form fields and their actions at this 

phase. This includes specification of search, output, and 

entry fields as well as specification of actions that an 

entry field can take. These actions are insertions and 

updates. No deletions from the database are allowed through 

the form application. 

At the processing phase the query is executed by 

first binding the user entered values for search field(s) 

and then sending the query to the DBMS. As it is common in 

the relational systems a table is returned from the DBMS as 

the result of the query. The table is then mapped into form 

fields and is displayed on the screen as a form using 

algorithm FORMDISPLAY. More than one instance of the same 

form may be displayed from the same table. 

The post-processing phase is when insertions and 

updates are performed through algorithm FORMACTION. This 

algorithm is tightly bound to algorithm FORMQUERY in that it 

uses the same WHERE clause which was built by FORMQUERY. 

That is, the user must again specify the search fields to 

insert or update fields. For instanGe, the search field 



must be chosen such that a blank (or partially blank) form 

to appear when the form application is executed. 
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The inter-form linking is accomplished at the time 

when the designer is specifying a form. A form can cause 

the execution of another form by calling it and passing the 

search field values to it. Conditions can also be specified 

to invoke this calling. 

The system assumes the existence of an already 

designed database which will be used in the form 

application. The hierarchical schema of a form is drawn by 

designer's intuition and knowledge about structure of the 

application. There is no algorithm to draw this hierarchy 

from the form. The designer does not have to know SQL but 

must be able to specify form fields. 

A form can not be re-produced exactly as when it was 

created and executed if there were updates to the database 

through some other applications involving some of the form 

fields. Consider their invoice form example. Suppose an 

instance of an invoice form is created. Later, through a 

query to the database or another form application, UNIT$ for 

a part which was used in that invoice is changed. Execution 

of this form application using the same search values as 

when the form had been created will not produce an identical 

copy. In addition, all computations which are based on 

UNIT$ will be different. 
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We believe that the easiest solution to this problem 

is a "form identifier" which can uniquely identify a form. 

After execution of each form application the form is 

uniquely identifiable by its unique identifier. Updates to 

the underlying database will not affect an already created 

form. This implies coexistence of two databases: one live 

and one archival. 

2.4. Summary 

In this chapter we examined a number of database 

design techniques with an emphasis on forms interface and 

processing. The earlier works on form modeling and 

processing, such as [HAMMER 77], do not incorporate the 

database concept into their systems~ a collection of form 

instances is simply a file. 

Later works such as [ZLOOF 77b], [DEJONG 80], 

[TSICHRITZIS 80], [LADD 84], and [LARSON 84] based their 

form processing on an underlying database. However, none 

offer any design aids. Their form models are simplistic. 

Most of them map from one form instance to a tipple in a 

relation (an exception is [DEJONG 80] ). 

The only work which actually addresses the database 

design from business forms is that of [BATINI 84]. This 

work, like the work of [ROUSSOPOULOS 84], suffers from lack 



of formalism of form model and of mapping from the form 

model to the database model. In later chapters, we will 

formalize the form model and its mapping to a conceptual 

data schema. 
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CHAPTER 3 

A ~10DEL OF DATA 

In modeling the real world, several alternative data 

~odels can be used. The purpose of a data model is. to 

abstract the real world so that it will be more 

understandable and manageable. Historically data has been 

represente~ in tahles. An elaboration and growth of tahles 

were the·~elational model of data with its solid 

mathematical foundations. 

Database models started with the hierarchical data 

models and evolved into network models in order to exnress 

more of the semantic properties of the data. There are some 

other data models such as semantic data models which are 

primarily used in artificial intelligence applications and 

research. 

For purposes of this dissertation we chose the 

Entity-Relationship Model and Diagram (ERM and ERD). This 

is a widely known and accepted model which bridges many gaps 

between the database models (hierarchical, network, and 

relational), semantic nets, and most important the users and 

applications specialists. We will adort the original model 

of [CHEN 76] with some minor changes and enhancements. 
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Section 3.1 describes the basic entity-relationship 

model and introduces our enhancements to it. In section 3.2 

we will discuss some important constraints on data and 

incorporate them into our ERD. In section 3.3 we discuss 

and incorporate the generalization hierarchy into our model. 

Section 3.4 is a summary of this chapter. 

3.1. The Basic Entity-Relationship Model (ERM) 

In the Entity-Relationship Model the real world is 

reduced to the entities and relationships between those 

entities. The model is an outgrowth and generalization of 

the hierarchical and network models, and hence, one step 

closer to enterprise schema [CHEN 77]. An entity is defined 

as a "thing" or "concept" which can be distinctly 

identified. Examples of entities are "company ABC" or "John 

Doe". A relationship is an association among entities. An 

example of such an association is "EMPLOYS" as in: company 

ABC EMPLOYS John Doe. 

Entities are organized into entity sets. An example 

of an entity set is EMPLOYEE whose elements are individual 

employees. "John Doe" and "company X" are elements of the 

sets EMPLOYEE and COMPANY in the EMPLOYS RELATIONSHIP, 

respectively. An entity must satisfy certain predicate(s) 

to qualify to be a member of an entity set. A relationship 

set is defined similarly. Each member of the set in a 
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relationship set is an n-ary tuple consisting of elements of 

the entity sets which participate in that relationship. We 

refer to an entity type as an abstraction of an entity set. 

Therefore we distinguish between entity type, entity set, 

and entity occurrence(s). When the context allows we will 

use the term entity alone. By definition duplicates cannot 

exist in an entity set, because otherwise the individual 

entities of the same set will be indistinguishable from each 

other and hence violate the definition of an entity. 

Entities and relationships can have attributes 

associated with them. For example an attribute of an 

employee is his/her "name". The value for each attribute is 

drawn from a domain of values. Domains are referred to as 

value sets in [CHEN 76]. We will use the two terms 

interchangeably throughout this dissertation. Attributes 

are usually referred to by their respective domain name. 

For example values for attribute "name" are drawn from a 

domain called "name". An example of an attribute which is 

called differently than its domain is "date-of-birth" which 

is drawn from domain DATE. Notice that relationships may 

also have attributes. For example an attribute of the 

relationship "EMPLOYS" is "date-of-hiring" drawn from domain 

DATE. 

In each relationship, the participating entities 

have a role to play, and hence are given a role name. 

"Worker" and "employer" are examples 'of role names assigned 



61 

to EMPLOYEE and COMPANY, respectively. In most cases the 

role names are obvious from the entity and relationship 

names. Therefore, unless necessary, we will not express the 

role names in our model. 

The ERM can be depicted as a diagram called 

Entity-Relationship Diagram (ERD). We distinguish two 

versions of ERD. In "general" ERD we only show entities and 

relationships. In "detailed" ERD we augment the general ERD 

by the attributes of entities and relationships. A 

rectangle represents an entity set and a diamond represents 

a relationship set. The entities and relationship names are 

inserted in the rectangles and diamonds, respectively. The 

roles the entities play in the relationship are written on 

the arc connecting the rectangles and diamonds. We normally 

omit writing the roles on the arcs unless it is specifically 

required for some purpose. An attribute is denoted by its 

name and is connected by an arc to the entity or 

relationship to which it is a property of. Figure 24 is the 

ERD for the COMPANY-EMPLOYS-EMPLOYEE example. 

It is possible for an entity set to have two roles 

in a relationship. This is called a recursive relationship 

set. An example is the superior-subordinate hierarchy which 

is present in almost any enterprise. Figure 25 depicts this 

recursive or hierarchical relationship. 

Sometimes there are two relationships between the 

same entity sets. Figure 26 is an example of such 
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---------------------------------------------------------I 

employer 
COMPANY 

name 

worker ---------
--------- EMPLOYEE 

I 
date-of-birth I 

---------------------------------------------------------I 
Figure 24. ERD for the COMPANY-EMPLOYS-EMPLOYEE 

SUPERIOR 

EMPLOYEE 

SUBORDINATE 

Figure 25. Hierarchical Relationship 
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relationships. Figure 27 is an alternative model of Figure 

26. It is intended to show that various modelings are 

possible for the same enterprise. 

So far we have discussed binary relationships. It 

is possible that three or more entities be related to each 

other. Figure 28 depicts such a relationship. The diamond 

box represents the association between parts, suppliers of 

those parts, and projects in which those parts are used. 

Attributes can be grouped together and referenced as 

a group. For instance, attributes NUMBER, STREET, and CITY 

can be grouped and referred to as ADDRESS as in Figure 29. 

As an alternative, we can think of a composite attribute as 

a user data type. For instance, INVOICE-NO as an attribute 

of an entity INVOICE may be composed of three letters of INV 

for (invoice), a four digit number, and a three letter 

department code. When necessary, we will depict such an 

attribute as in Figure 30. 

Due to the complications which will be introduced by 

multi-level hierarchies, we do not allow a composite 

attribute to have another attribute as one of its 

components. A composite attribute must only have atomic 

domains as its components. Figure 31 depicts an 

unacceptable composite attribute. Figure 32 depicts the 

solution we will adopt to such a problem. 

In summary we have three types of attributes: 

"atomic" which is defined over a single domain~ "composite" 



--------------------------------------------------------I 

DEPT 

number-of
employees 

------ start-date 

EMPLOYEE 

date-became
manager 

I 

--------------------------------------------------------I 

Figure 26. Two Relationship between the same 
Two entities 

64 



65 

---------------------------------------------------------I 

DEPT 

-------- starting-date 

manages 
1----------1-----------------
I EMPLOYEE I 
---------- -----------------

managed by 

date-became
manager 

1---------------------------------------------------------
Figure 27. Schema of Figure 26 Redefined 
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----------------------------------------------------------I 
I 

PART " SUPPLIER 

,----L--
I 

PROJECT 
---------

Figure 28. An Example of a Non-Binary Relationship 



----------------------------------------------1 

PERSON 
------

~ name /r~ age 
number street city I 

----------------------------------------------1 
Figure 29. Grouping of Attcibutes into Address 

INVOICE 

---T-----
invoice-no 

inv digIts dept-code 

1-------------------------------------------------

Figure 30. Composite Attribute as a User Data Type 
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al 

I 

E ---al a2 d3 d4 

d1 d2 

Figure 31. a1 is a Composite Attribute of Entity E. 

d1 

It Consists of Domains d3 and d4 and 
a Composite Attribute a2 Which in Turn 
Consists of domains dl and d2. 

a1 

d2 d3 d4 

----------------------------------------------------/ 
Figure 32. Solution to the Problem 

Presented in Figure 31. 
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which is defined over multiple domains~ and "group" which 

consists of multiple (atomic or composite) attributes. 
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In the next section we will discuss some constraints 

which we will explicitly depict on the ERD. Following that, 

we will incorporate generalization hierarchy into our ERD. 

3.2. Modeling Constraints 

A number of constraints are explicitly shown in our 

version of ERD. They will be discussed in subsequent 

sub-sections. Some other integrity constraints, however, 

are not de~icted on an ERD. An example of an un-depictable 

constraint is, an attempt to express in Figure 26, that the 

sum of the number-of-employees attribute of the DEPARTMENT 

entity must be equal to the number of entity occurrences in 

the EMPLOYEE set. Such constraints are normally captured at 

a lower level model. 

3.2.1. Min-Max Cardinalities 

Specifying the minimum and maximum carninalities 

(min-card and max-card, or min-max card) of an occurrence of 

an entity type in a relationship is one of the constraints 

which we chose to depict on our ERD. The min-max 

cardinalities are constraints on the existence of entity 

occurrences [TARDIEU 80]. 
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The min-card is the minimum number of times that 

each occurrence of an entity set must be participating in a 

relationship set. This number can be 0 or 1 (or more). A 0 

means that an entity may exist wit~out participating in the 

relationship. Any other positive integer means that an 

occurrence of the entity must participate in at least that 

many relationships. For instance a min-card of 1 means that 

an occurrence of an entity cannot exist without 

participating in at least one relationship occurrence. 

The max-card is the maximum number of times that an 

entity may be a participant in a relationship. A value of 1 

means that the entity cannot be in more than one 

relationship occurrence, and any other value (hut not 0) 

states the maximum number of times that an occurrence of 

this entity may appear in the relationship set. 

We will depict min-max cardinalities by enclosing 

them inside parentheses separated by a ":". To the left of 

the ":" is the minimum and to the right of it is the maximum 

cardinality. We will use the letter "m" when the min or max 

cardinality does not have to be specified exactly. A 

min-card of "m" means that it can be any positive integer 

other than O. 

Figure 33 is an example of specifyinq min-max 

cardinalities. On the DEPT side an occurrence of a 

department can be related to many employees and a department 

cannot exist if it does not have any employees. On the 



EMPLOYEE side, an occurrence of an employee can not exist 

without being associated to a department, and an employee 

must be associated with at most one department. 
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As another example consider the constraint that each 

employee must have at least three skills and an employee 

without any skills cannot be hired. This can be modeled as 

in Figure 34. The (O:m) on the SKILL side states that a 

particular skill may exist which no employee at this time 

possesses and that many employees may have the same 

ski1l(s). The (3:m) on the EMPLOYEE side means that an 

instance of an EMPLOYEE cannot exist without participating 

in at least three instances of the EMP-SKILL set, that is, 

each employee must have a minimum of three skills. 

Notice that min-max cardinalities are 

generalizations of the partial and total mappings as 

described in [HOUSEL 79]. We believe that min-max 

cardinality concept, in addition to being more general, is 

more precise and clearer than that of total and partial 

mappings. 

3.2.2. Extension of Min-Max Cardinality to Non-Binary 

Relationships 

The min-max cardinality can naturally be extended to 

non-binary relationships. Figure 35 incorporates the 

min-max cardinality into the relationship of Figure 28. For 
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----------------------------------------------------------I 

1-----------1 (l:m) (1: 1 ) 

I DEPT 1---------------------
EMPLOYEE 

1----------------------------------------------------------
Figure 33. First Example of MIN-MAX Cardinalities 

• A DEPT cannot exist without having at least one EMPLOYEE 
• A DEPT may have many EMPLOYEES 

• An EMPLOYEE cannot exist without being associated to a 
DEPT 

• An EMPLOYEE cannot be associated to more than one DEPT 

----------------------------------------------------------I 
I 1----------- (O:m) (3:m) 

I SKILL 
-----------

EMPLOYEE 

1----------------------------------------------------------
Figure 34. Second Example of MIN-MAX Cardinalities 

I 
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an instance of a part to exist it does not have to 

participate in the PSP relationship. The same predicate can 

be inferred for the two other entities from their 110" 

min-card. The max-card of "m" means that any occurrence of 

those entities can participate in the relationship many 

times. For example, part PI can be used by projects PRl and 

PR2, and hence two occurrences of it can exist in the 

relationship simultaneously. 

An additional constraint such as "for a part to 

exist it must be supplied by a supplier" can be incorporated 

into the model by adding another relationship. Figure 36 

shows the addition of this constraint into Figure 35. 

3.2.3. Full and Partial Existence Dependencies 

The existence dependency of an entity type can 

always be derived from the min-max cardinalities. An entity 

is always existence dependent on another one if its min-card 

is greater than zero. We distinguish between full and 

partial existence dependencies. An entity is fully 

existence dependent on another one if its min- and max-card 

are the same. For example a (1:1) cardinality implies that 

the entity is fully dependent on another one. An entity is 

partially existence dependent on another one if its max-card 

is greater than its min-card. For example a (l:m) 

cardinality implies that the entity is partially dependent 



--------------------------------------------------------I 

1-----
I-:~~:-

(0 :m) 

PROJECT 

I 
SUPPLIER 
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Figure 35. Min-Max Cardinality in a Non-Binary Relationship 
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---------------------------------------------------------I 

1------1 
I-:~~~- SUPPLIER 

/ ----------/(o.m) 

(O:m) 

PROJECT 

I-----------------------------------------""---------~-----

Figure 36. Incorporation of Additional Constraints 
on a Sub-set of the Entities of a Non

Binary Relationship 
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on another one. In a partial existence dependency, the 

actual existence dependence of entity A on entity B depends 

on the particular realization of the database at the time of 

the deletion or insertion operation. In Figure 37 deletion 

of bl will result in deletion of al and its relationship to 

b2. But deletion of b3 will not result in deletion of a2 

because the 2:m constraint is still satisfied. Insertion of 

an instance of A requires the establishment of relationships 

to at least two instances of B. 

3.2.4. Weak Entity Type (ID Dependency) 

A weak entity type is one which is existence 

dependent on another entity type and not self-identifiable. 

That is it must be identified through the other entity which 

it is dependent on. Figure 38 depicts the EMPLOYEE CHILDREN 

relationship. The CHILDREN entity not only cannot be 

identified by itself but is also existence dependent on the 

EMPLOYEE entity. A weak entity is depicted in a double 

rectangular box. The relationship between the two entities 

is correspondingly called a weak relationship. 

3.2.5. Value Set Constraint 

When necessary, we will depict the acceptable 

values, for each attribute on its arc. The set notation 

will be used to specify the acceptable range of values for 



,======rbl 

- b2 

2 :m 

------------------------------------------1 
Figure 37. Partial Existence Dependency 

Deletion of bl results in deletion of 
ale Deletion of any (but not more 
than one) of b3, b4, or b5 will not 
result in deletion of a2. 

---------- (O:m) 
EMPLOYEE --------

(1: 1) 
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----------11 ----------
CHILDREN 

----------------------------------------------------------I 
Figure 38. Weak Entity Type 

(ID Dependency) 
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the attribute. An un-ordered set will be enclosed in left 

and right brackets. For example the set of DEPARTMENT-CODEs 

will be depicted as: [FIN,ACC,ADMli the set of four digit 

decimal numbers will be depicted as either 0000:9999 or 

[xI0000<=x<=99991. An ordered set will be enclosed in left 

and right angle brackets, that is < ••••• >. For an example 

of specifying a value constraint see Figure 39. 

3.2.6. Null Values 

Extension of min-max cardinalities from entities to 

attributes will allow us to designate permission of 

existence of null values for an attribute of an entity. In 

Figure 40 the (O:m) notation from DEPT to phone-no means 

that a department may have none or 1 or many phone numbers. 

Therefore null values are allowed for phone numbers. 

3.2.7. Uniqueness 

An attribute is unique if it has a min-max 

cardinality of (1:1) to its entity. In Figure 40 dept-name 

and dept-code both are unique attributes. Notice that 

dept-name is unique even though it is multi-valued. When 

the attribute is not unique we do not show a (1:1) on its 

side on our ERD. An attribute which is unique can be 

considered to be a candidate key or an alternate key. 



IINVI 

inv 

INVOICE 

i 
invoice-no 

0000: 
9999 

digits 

IFIN,ACC,ADMI 

dept':'code 

Figure 39. Value Set Constraints 

----------- (O:rn) 
DEPT ----------- phone-no 

(1:1) (l:rn) 

(1:1) (1:1) 

dept- dept-
code name 

Figure 40. MIN-MAX Cardinalities Show 
Null Values (phone-no) 
Uniqueness (dept-name & 
dept-code) 
Multi-Valued Attribute 

(dept-name & 
phone-no) 

79 
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3.2.8. Multi-Valued Attributes 

Attributes of an entity are usually single valued. 

Sometimes, however, there are attributes which are 

multi-valued. For instance a DEPT entity may have more than 

one phone-no. Figure 40 is an example of a multi-valued 

attribute depicted with the min-max cardinalities. In this 

figure a department may have many phone numbers and many 

names. That is phone-no and dept-name are multi-valued 

attributes. 

3.2.9. Primary Key 

A key is one attribute, or a group of attributes, 

which uniquely identifies an entity occurrence from the 

other members of the entity set. It is chosen from among 

the canoidate keys. However, if the existing attributes 

cannot uniquely identify an entity then an artificial key 

will be assigned to each entity. In our ERD we depict the 

key attribute of an entity type by a directed arc from the 

attribute to the entity. In Figure 40 dept-code is the key 

for the entity DEPT, just as invoice-no is the key for 

entity INVOICE in Figure 39. 
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3.3. Modeling the Generalization Hierarchy 

Generalization is the composition of a set of types 

into one type. It abstracts away the differences between 

types and concentrates on their similarities. In the ERM 

terminology, it is the process of generalizing one or more 

entity types into another entity type. Figure 41 depicts 

the generalization of STAFF and FACULTY into EMPLOYEE. 

Generalization can be applied to both entities and 

relationships (recall our discussion earlier in the chapter 

that users may perceive entities and relationships 

interchangeably). Therefore the material in this section 

applies equally to relationships although we will use the 

term entity throughout. We will also use the terms entity 

set and entity type interchangeably. We will refer to an 

entity as a super-type if it is in an immediate higher level 

in the generalization hierarchy than its sub-types. The 

sub-type, is therefore, at an immediate lower level in the 

hierarchy than its super-type. The hierarchy is multi-level 

therefore a supertype can also be a subtype and vice verS3. 

Generalization will explicitly be shown in our model 

by an IS-A relationship. Figure 42 is the equivalent ERD of 

Figure 41. Notice that we use directed arcs to show the 

direction of the hierarchy. 



EMPLOYEE 

---------1 
FACULTY I 

---------

Figure 41. Generalization of STAFF and FACULTY into 
EMPLOYEE 

EMPLOYEE 

I~ 1------- ---------
I-~:~::- FACULTY 

--------------------------------------------------------I 
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Figure 42. Our ERD Version of the Generalization Hierarchy 
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Two rules constrain the generalization hierarchy: 

1. Property Inheritance Rule which states that all the 

properties (attributes) of the supertype are 

inherited by the subtypes, and 

2. Subtype Inclusion Rule which states that every 

instance of a subtype must also be an instance of a 

supertype. That is, an instance of the subtype must 

be included in the (set of) supertype. 

All of the attributes of the super-type in a 

generalization hierarchy are inherited by the sub-type(s). 

For instance, attributes EMP-NO, EMP-NAME, EMP-ADDRESS can 

all be inherited from EMPLOYEE to STAFF and FACULTY. 

However, not all attrihutes of the sub-types can be 

generalized by the super-type. For instance, RANK may not 

be abstracted by the EMPLOYEE because STAFF ranking scheme 

may be different than the one for FACULTY. 

There ar.e two purposes for using the generalization 

abstraction. The first purpose is for the subtypes to 

inherit the properties from the supertype, and the second 

purpose is to avoid the insertion of "value inapplicable" 

[CODD 79) for some fields. 

3.3.1. V-shaped Generalization 

A V-Shaped generalization (VSG) is one in which 

there is more than one supertype for a given subtype. In 
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other words the hierarchy of generalization is converted to 

a network. There are three situations in which a VSG may 

occur. First, when a subtype i is directly related to a 

supertype j other than its immediate supertype. We call 

this a "Bypass VSG". An example is depicted in Figure 43 

where MANAGER and SALESPERSON are not only related to MALE 

and FEMALE but also to EMPLOYEE which is a supertype of MALE 

and FEMALE. We will not allow this kind of generalization 

because of the redundancy it presents into the model. 

Insertion of a new manager may result in its double 

insertion into EMPLOYEE. The arrow from i to j is derivable 

from intermediate nodes and need not be explicitly stated. 

As an example the MANAGER IS-A EMPLOYEE is derivable from 

the facts that MANAGER IS-A MALE and MALE IS-A EMPLOYEE. 

A simple solution to this problem is to eliminate 

the direct arcs from subtype i to supertype j which is not 

an immediate supertype of i. Applying this solution to the 

example of Figure 43 will result in the hierarchy of Figure 

44. 

Figure 44 is also an example of the second type of 

VSG. A MANAGER (or a SALESPERSON) is either a MALE or a 

FEMALE but not both. We call this "OR VSG" (it is called 

alternate generalization in [CODD 79]). Like the Bypass 

VSG, this type of generalization is not allowed in our 

model. Allowing it will result in violation of both of the 

generalization rules discussed previously. There are two 



EMPLOYEE 

FE~1ALE 

MANAGER SALESPERSON 

Figure 43. Example of a Bypass VSG. The Arcs from MANAGER 
and SALESPERSON to EMPLOYEE Must be Eliminated 

(The IS-A Diamonds are not Shown) 

EMPLOYEE 

MALE FEMALE 

1---------

I 
MANAGER 

---------
SALESPERSON 
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Figure 44. Elimination of Arcs from MANAGER and SALESPERSON 
to EMPLOYEE (The IS-A Diamonds are not Shown) 
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solutions to this problem. One is to create one or more 

categories under the supertype from one or more of the 

subtypes. For instance in Figure 45 a new category for 

EMPLOYEE is created. Its subtypes are MANAGER and 

SALESPERSON. Another solution is to rename the subtype for 

all its supertypes. This is the only solution for an OR VSG 

when there is not a supertype for the alternate supertypes. 

Figure 46 depicts renaming of SALESPERSON and MANAGER to 

MALE-SALESPERSON, FEM~LE-SALESPERSON, MALE-MANAGER, and 

FEMALE-MANAGER. Notice that if the EMPLOYEE was not present 

then the renaming would have been the only solution. 

The third type of VSG occurs when a subtype inherits 

the properties of more than one supertype. We call this 

"AND VSG". Figure 47 is an example of this situation and 

Figure 48 depicts a sample occurrence of the values. We 

allow this kind of generalization to exist in our model and 

we include the following constraint: 

SUBTYPE = SUPERTYPEI + SUPERTYPE2 + SUPERTYPEn 

where + stands for set intersection and there are n 

supertypes for the SUBTYPE. 

3.3.2. Classification of Generalization Categories 

We permit sub-types to be organized into IS-A 

categories [CODD 79]. Each category is named and in the ERD 

the name is displayed hy the IS-A diamond. In [DATE 81] 
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---------------------------------------------------------I 
----------1 1 

EMPLOYEE EMPLOYEE 1 

7--\ 
I----~---·,.I 1-------------1 1 
I-~~~~~~~-I I-~~:~:~:~~~~-I 

1----------------------------------------------------------
Figure 45. Creation of a new Category for 

MANAGER and SALESPERSON under EMPLOYEE 
(The IS-A Diamonds are not Shown) 

----------------------------------------------------------I 

EMPLOYEE 

~---------

1-----"'-----
1 

MALE 
----------

-----~- ~----
MALE 

SALESPERSON 
MALE 

MANAGER 

FEMALE 

-----~- ~----I 
FEMALE 

SALESPERSON 
FEMALE I I 
MANAGER 

----:------1 

1----------------------------------------------------------
Figure 46. Renaming MANAGER and SALESPERSON 

(The IS-A Diamonds are not Shown) 

1 
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1----------------------------------------------------------1 
-------------1 I 

SALESPERSON I 
-------------

MANAGER 

[0:1] [0:1] 

Figure 47. An AND V-Shaped Generalization 
(A Sales Manager is Both a MANAGER and a SALESPERSON) 

1---------------------------------------------------------

a e f g k m abc kIm 

--------~~--------

a k m 

Figure 48. A Sample Occurrence of Figure 47 
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spanning and nonspanning IS-A categories are identified. A 

category spans its supertype if every instance of the 

supertype must also be an instance of at least one of its 

subtypes. For instance in Figure 49 the EXEMPTION category 

spans the EXEMPT and NONEXEMPT subtypes, meaning that an 

employee can not exist without also being a member of either 

EXEMPT or NONEXEMPT. A nonspanning category is one in which 

the super type does not have to be partitioned into its 

subtypes. For instance in Figure 50 a BOOK may be either 

one of the three subtypes or of another type which is not 

represented as a subtype in the database. In other words a 

BOOK may exist without being a member of any of its 

subtypes. 

It is possible to convert a nonspanning category 

into a spanning one by creating a subtype called OTHERS 

which contains every instance of the supertype which is not 

represented in the subtypes. In set notation we have: 

OTHERS = SOPERTYPE - (SUBTYPEl U SUBTYPE2 U ••.•• SUBTYPEn) 

where n is the number of subtypes, - stands for the set 

difference operator ,and U stands for the set union 

operator. 

We additionally have identified the overlapping and 

nonoverlapping IS-A categories. In a nonoverlapping 

category an instance of the supertype can not be a member of 

more than one subtype. For instance in Figure 49 an 
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----------------------------------------------------------I 

EMPLOYEE 

EXEMPTION 

I-;;~;;;-
1--------

------------1 
NON-EXEMPT I 

------------
1

_--------
FACULTY 

1---------

----------------------------------------------------------I 
Figure 49. Inclusion of IS-A Cardinality 

• [1:2] means that an EMPLOYEE must either be a STAFF 
or a FACULTY or BOTH 

• [1:1] means that an EMPLOYEE must either be EXEMPT 
or NON-EXEMPT 
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EMPLOYEE cannot be both EXEMPT and NONEXEMPT at the same 

time. Similarly in Figure 50 a BOOK can not be a member of 

all of its three subtypes (or a proper subset of them) 

simultaneously. In an overlapping category an instance of a 

supertype can be a member of more than one of its subtypes. 

In other words there are overlapping instances within the 

subtypes. In Figure 49, for instance, an EMPLOYEE can be 

either a STAFF, a FACULTY, or both. 

From the above discussion we can classify the 

generalization categories into four types: 

1. Spanning-nonoverlapping 

2. Spanning-overlapping 

3. Nonspanning-nonoverlapping 

4. Nonspanning-over1apping 

Figure 51 depicts an example of instance occurrences 

of these four categories in a hypothetical generalization. 

3.3.3. Min-Max Cardinalities for Generalization 

The definition of min-max cardinalities for IS-A 

relationship is slightly different than the one given 

previously in the chapter. Regardless of what class of 

generalization we are considering, the min-max cardinalities 

of any subtype is [1:1]. This is due to the fact that a 

subtype can not exist without its simultaneous existence in 

the supertype. The opposite, however, is not true; that is 
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---------------------------------------------------------I 

1---------
COOKING 

BOOKS 

BOOK 

HOME 
REPAIR 

---------------------------------------------------------I 
Figure 50. Example of Nonspanning IS-A Category. 

A BOOK May Exist without Being a 
Member of Either of its Three Subtypes 



[l: 1] abc d c: 

a b c d e 

a. Spanning-nonoverlapping 
Supertype is Partitioned Into Subtypes 

No Overlapping Subtypes 

[l : 3] abc d e 

b. Spanning-overlapping 
Supertype is Partitioned Into Subtypes 

Subtypes Overlap (Notice a) 

Figure 51. Sample Instances of The Four Classes of 
Generalization 
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(The Cardinalities of Supertypes are Shown Inside Brackets) 
(The Cardinalities of the Subtypes are [1:1]) 
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1---------------------------------------------------------I 

[0: 1] abc d e 

/~ 
-~-~- -~- -~-I 
----- ---I 

c. Nonspanning-nonoverlapping 
Supertype is not Partitioned (Notice d) 

No Overlapping Subtypes 

[0: 3] abc d e 

I--~--~--
I-~-~-I c a e 

d. Nonspanning-overlapping 
Supertype is not Partitioned (Notice d) 

Subtypes Overlap (Notice a) 

---------------------------------------------------------

Figure 51. Continued 
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an instance of a supertype can exist without being a member 

of one of its subtypes as in the case of nonspanning 

categories. We now present the definitions for 

generalization min-max cardinalities which only applies to 

the supertypes. (Notice that the definitions apply to only 

one category at a time. That is a supertype may have 

different min-max cardinalities in different categories as 

in the example of Figure 49) 

The min cardinality of a supertype is the minimum 

number of times that an occurrence of it is also an 

occurrence of at least one of its subtype(s). It is always 

either 0 or 1. It is 0 if the category is nonspanning and 

it is 1 if the category is spanning. 

The max cardinality of a supertype is the maximum 

number of times that any member of it may also be a member 

of its collective subtypes. It is always either 1 or m. It 

is 1 when the category is nonoverlapping and it is m 

otherwise. The max cardinality can not be 0 because if it 

was 0 then the generalization hierarchy would not have 

existed. 

To summarize the min-max cardinality of the 

supertype is one of the following according to its 

classification: 



Spanning-nonoverlaping 

Spanning-overlapping 

Nonspanning-nonoverlapping 

Nonspanning-overlapping 

[1:1] 

[1 :m] 

[0: 1] 

[0 :m] 
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In the two cases above where m is used, it must be 

replaced by the number of the subtypes in the category. For 

instance in Figure 49 the max cardinality of EMPLOYEE in the 

left IS-A is 2. We will use brackets instead of parentheses 

to show the IS-A cardinality in order to distinguish it from 

the normal notion of min-max cardinality. 

The min cardinality of a supertype of a 

nonspanning-overlapping category must be switched to 1 (from 

0) when it is converted from a nonspanning to a spanning 

category as was discussed previously. Its max cardinality 

is unchanged because OTHERS does not have any overlapping 

member with the rest of the subtypes (see the definition of 

OTHERS above). 

The min-max cRrdinality of the subtype in an AND VSG 

is still [1:1]. The min cardinalities of the supertypes are 

o if there are instances in the supertypes which do not 

appear in the subtype. They are 1 if every instance of the 

supertypes are also an instance of the subtype. Their max 

cardinality is always 1. It can not be m because there is 

only one subtype. That is, here, the question of 

overlapping subtypes disappears because there is only one 



subtype. Notice that the min-max cardinalities of all the 

supertypes must be the same. If we insert an instance of 

the subtype it must be inserted into all the supertypes. 

3.3.4. Conversion of a Recursive Relationship 
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In order to achieve a better imposition of min-max 

cardinalities on the structure of the recursive 

relationships we convert them into an equivalent structure 

which is augmented by an IS-A relationship. Recall that a 

recursive relationship structure consists of an entity, a 

relationship, and two role names (for an example see Figure 

25). To restructure it, we create two entities from the 

role names, create a generalization of these two entities, 

and create a relationship between these two entities. 

Figure 52 depicts the restructuring of Figure 25. 

The EMPLOYEE entity is the generalization of SUPERIOR-EMP 

and SUBORDINATE-EMP. These two latter entities are related 

by the MANAGES relationship. Notice the generalization is 

of spanning-overlapping type, meaning that an instance of 

the EMPLOYEE can be superior, subordinate, or both, and must 

be at least one or the other. Figure 53 depicts a sample 

occurrence of entities and Figure 54 is the relationship 

occurrence for those entities. 

Figure 55 depicts the classical material explosion 

problem. The difference between this and the example of 



SUPERIOR 
EMPLOYEE 

EMPLOYEE 

[1: 2] 

SUBORDINATE 
EMPLOYEE 
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Figure 52. Restructure of a Recursive Relationship 
(See the Recursive Relationship of Figure 25) 

el 

e2 e3 

e4 

Figure 53. Sample 
Occurrence of Figure 52 

el~~---------~ e2 

e3 

e3 -t---------4-e4 

Figure 54. Relationship 
Occurrences of Figure 52 
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Figure 52 is in the min-max cardinalities of the two 

specialized entities. Figure 56 depicts a sample occurrence 

of entities and Figure 57 is the relationship occurrence for 

those entities. 

In Figure 58 we have converted the relationship 

between an id-dependent entity and its determinant. Notice 

the generalization cardinality here is different from the 

two previous examples. It is nonspanning-overlapping. 

Figure 59 depicts a sample occurrence of entities and Figure 

60 is the relationship occurrence for those entities. 

3.4. Summary 

We reviewed the basic Entity-Relationship Model and 

Diagram and provided some enhancements to it. The 

enhancements included the concept of min-max cardinalities 

and their extensions to attributes. We classified 

attributes into atomic, composite, and group. Some very 

important constraints were also discussed in detail. Some 

of these constraints can implicitly be derived from the 

min-max cardinalities while others must be explicitly 

stated. We then discussed the generalization hierarchy and 

incorporated it into our model. We derived a very useful 

taxonomy for generalization categories. The classes of 

generalization were named spanning-nonoverlapping, 

spanning-overlapping, nonspanning-nonoverlapping, and 
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1-----------1 
I----:~~:---I 
[1: 2] 

~--------
ASSEMBLY SUB-ASSEMBLY 

Figure 55. Material Explosion Problem 

pI p4 1---1 
pI p2 

p3 p3 
p2 p3 p5 

P 1>5 

p2 p5 Figure 57. Relationship 
Occurrences of Figure 55 

Figure 56. Sample Occurrence 
of Figure 55 



1------------- 1 

I_~::E~~~~~~:_I 
(l:m) 

ENTITY 

[O:2J 
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1----- --------1 
l ID-DEPENDENT I 
--------------

(l : 1) 

Figure 58. Modeling Id-dependency 

e1 

e2 e3 

. 
e4 e5 

Figure 59. Sample 
Occurrence of Figure 58 

-=r::::::::===c-e2 
el 

e3 

+::::::::====1-e4 e3 I 
e5 

---I 
Figure 60. Relationship 
Occurrences of Figure 58 
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nonspanning-overlapping. A generalization min-max 

cardinality were also introduced which succinctly specifies 

the appropriate generalization class. 

Table 3 is the summary of the symbols and notations 

which we will use in depicting our ERDs. 



Table 3. Summary of the Extended ERD 

SYMBOL 

rectangle 

double rectangle 

diamond 

undirected arc 

directed arc 
(from attribute to entity) 

directed arc 
(from entity to IS-A) 

directed arc 
(from attribute to attribute) 

(0:1), (O:m), (1:1), (1:m) 

m:n 
(from attribute to attribute) 

[x: y] 

{ ••• 1 

,., . 

MEANING 

entity type 

weak entity type 

relationship type 

attribute 

identifier of the 
entity (key) 

.. 

sub-entity to 
super-entity hierarchy 

grouped attributes 

to the left of 
to the right of 

is MIN 
is MAX 

acceptable lexicographic 
sequence 

IS-A cardinality, where 
x or y can be 0, 1, or m 

acceptable set of values 
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CHAPT8R 4 

A ~10DEL OF FOR~1S 

We view a form as a medium of communication amongst 

people and machines in business organizations, as well as a 

medium of storage of data and information. FQrms offer many 

advantages in data collection and data display. They 
~~.'.",.,._~ .. ~ .. If~;:;"""'" ." ... ' *' ......... -~., .....••.•... , .. ", ., .. . 

implicitly specify what data is to be collected and by whom. 

They also are the medium on which related data are recorded. 

By placing all the related data in one place (i.e. the 

form) recording times is minimized. 

Historically, forms were developed to achieve 

standardization and smooth communications to carry out 

routine business procedures. The medium on which the form 

itself is displayed has traditionally been paper. In recent 

years, with the advent of electronic displays and 

communications, forms can be processed and displayed 

electronically. 

We distinguish between a form type, a form template, 

and a form instance. A form type corresponds to a blank 

form with its associated constraints on its form fields (we 

will define form fields later in this chapter). A 

particular. representation of a form type is a form template. 

104 
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That is, the same form type may have several different 

templates. A form template not only specifies a 

representation, but is also medium-dependent. For instance, 

form templates of the same form type may be represented on 

video screen, paper, or even voice [TSICHRITZIS 82]. A form 

instance is an occurrence of a form type. When a form 

template is filled out with data it becomes an instance of 

that form type. Fiqure 4 is a template of SALES ORDER form. 

An instance of this form is shown in Figure 61. When there 

is no ambiguity we will use terms form template and form 

type interchangeably. 

For the rest of this chapter we assume that the 

medium hy which the form template is represented is a 

display screen. This assumption, however, will not restrict 

us in developing our model. The form model which we will 

represent later describes media-independent attributes of a 

form type. 

In what follows we define an agent, in very general 

terms, as an intelligent entity capable of taking actions on 

the forms. Therefore, a human being, a machine, and a form 

all can be agents. A form can be an agent in that it can 

trigger one or more specified actions based on the values of 

its fields. 

In section 4.1 we categorize forms on a continuum 

and present a systemic view of the form types. Section 4.2 

describes the components of a form each of which mayor may 



106 

SALES ORDER 

TODAY'S DATE 
1
---------- SALES ORDER 

NUMBER 

BILL TO 

NAME 

ADDRESS 

CUSTOMER 
ORDER # 

12-11-83 
1----------

SHIP TO 

------------------- NAME -------------------1 
ABC Headquarters ABC Store Branch 1 

------------------- ADDRESS -------------------
Main Street 
Houston, TX 70000 

ORDER 
DATE 

Any Street 
New York, NY 20000 

-------------------1 

----------1 
12-11-83 I 

----------

PRODUCT NAME PRICE/UNIT QUANTITY AMOUNT 

NUTS 

BOLTS 

15.00 40 

12.00 25 

TOTAL BEFORE TAX -----------) 
TAX(5%) -----------) 

TOTAL -----------) 

600.00 

300.00 

900.00 
45.00 

$945.00 

CUSTOMER TYPE I~~l RETAIL I~~I WHOLESALE 

INSTITUTIONAL INDIVIDUAL 

1--------------------1 
SALESMAN I __ ~~~~~::=~~:~ ______ I 

Figure 61. An Instance of Sales Order 
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not exist in every form type. In section 4.3 we discuss the 

concept of a form field and describe its properties in 

section 4.4. In section 4.5 we introduce the form schema. 

Section 4.6 summarizes this chapter. 

4.1. Types of Forms on a Continuum 

Forms are semantic objects which can be designed to 

carry various levels of intelligence. Rather than dividing 

the forms into distinct types, we have chosen to view them 
~ 

as a number of object transformations along a continuum. 

Figure 62 shows the types of forms on the same continuum. 

The transformation is from action to memory to report as it 

is evident by the arrow-head in the figure. This 

transformation, however, is not pure in that it may (and 

most often does) involve other objects besides the original 

action form. In addition, any form can simultaneously serve 

the three functions along the continuum. At a bare minimum 

all three types of forms carry data. In the following 

paragraphs we will describe these (non-distinct) three types 

of forms. 

An action form, as the name implies, carries one or 

more actions as well as data. Examples of these types of 

forms are applications, purchase order, sales slips, shop 

orders, and time cards. Types of actions which an action 

form may carry can be ordering, instructing, authorizing, 
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action memory report 
---------------------------------------------> 

Figure 62. Form Types on a Continuum 

----------------------------------------------------1 

a) NAME 

b) NAME 

c) NAME 

d) NAME 

NAME 
e) 

NAME 

f) 

1----------------------------------------------------
Figure 63. Types of Captions 
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and transporting. Implicitly (or sometimes explicitly) it 

defines the agent (or the type of agent) who must respond to 

the form, agent to which the form is routed next, and 

actions which are taken based on the values entered by a 

respondent on the form. A simple example of such actions is 

receiving and/or sending a form. 

A Memory form contains historical data used for 

reference and for production of reports. Sometimes an 

action form transforms directly into one or more memory 

forms. For instance, a purchase order is transformed into a 

purchase record and an inventory record. For our purposes, 

the set of all memory forms correspond to a database managed 

by a database management system. 

Although a report per se has the minimum 

intelligence, it provides the maximum information to the 

user. This means that it does not act but gives information 

to human beings to act and to make decisions. Besides 

aiding in decision making reports provide summaries of 

projects, states of the organization at a given point in 

time, and details of projects. Examples of reports are 

balance sheets, income statements, operating statements, 

sales analysis, etc. 

For the rest of this chapter we refer to action 

forms, simply as forms, to memory forms as database, and to 

report forms as reports. The purpose of the preceding 

discussion was to establish the interdependence of various 
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types of forms and to emphasize the central role of the 

database as the memory of a system. In addition, by 

concentrating on the continuum we have given a systemic view 

to this process. This will facilitate the integration of 

forms, databases and reports. 

4.2. Components of ~ Form ~ 

In this section we describe all possible components 

of a form type. Some form types, however, may not have all 

these components. We have identified seven components which 

a form type may have. These are title, captions, entry, 

instructions, separators, routing directions, form id, and 

approval. We have isolated the routing directions (as a 

separate component) from other instructions because it is a 

common action for all forms. 

Every form type must have a title. The title, in 

addition to giving a name to the form, serves as a general 

description of what is to be filled by the respondent(s) or 

what the form is all about. Examples of titles are: "New 

Customer Credit Information Request", "Savings Account 

Withdrawal Order", "1040 u.S. Individual Income Tax 

Return", etc. Most titles are centered on top of the form. 

However, some are located on the left-most corner of the 

form, or even at its bottom. The title of the form in 

Figure 61 is "SALES ORDER". 
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Captions are pre-displayed (pre-printed) on the 

form. They instruct what is to be filled in by the 

respondent as well as guide him/her as to where to write it 

on the form. There are various ways a caption and its 

accompanying space for agent's entry can be displayed. A 

caption can be before, after, above, or below a line for its 

entry. Or, it can be inside or above a box. Figure 63 

depicts various types of captions for eliciting the entry 

for "NAME". The particular choice of location of a caption 

on a form type depends on the media of display as well as 

form's layout design decisions. Captions must not be 

ambiguous. For instance, it will be much better to have 

"Today's Date" as a caption than the "Date". It must be 

noted that in standardized business letters, where there are 

blanks to be filled in, a caption can be a long text. 

Entry is the actual data that is entered by an agent 

on the space provided for it on the form template. The data 

may be text, numeric, or any other user defined data type. 

Instructions or annotations as to how to fill out 

the form may be necessary for some captions which are not 

self-instructing. For instance, u.s. Income Tax Forms are 

all accompanied by separate detailed ins~rucflons, as well 

as, in most instances, summary instructions on the forms 

themselves. For an online form processing system, the 

instructions can be displayed on the screen with the touch 

of a button when they are needed. When there are more than 
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one help available for a particular form, the instructions 

which will appear on the screen depend on the position of 

the cursor on the displayed form. Simple forms may not have 

any instructions at all, but at a minimum a form's purpose 

must be documented. 

Separators are horizontal or vertical lines (or 

imaginary lines as evidenced by vertical or horizontal 

blanks) which separate logical sub-parts of a form. Column 

or row headings are used (with or without separators) to 

designate set or tuple entries on the form. Column or row 

headings are captions with multiple locations (slots) for 

entry. 

Routing directions of the form specifies where the 

form is to go after certain actions are performed on it or 

by it. The destination may be single or multiple; that is, 

several copies may be sent to different locations. The 

simplest action on a form is to fill it out. More 

complicated actions, such as computations or summarization 

of certain data are possible before the form is routed to 

the next agent. The final destination of the form is the 

organization database. This last routing transforms an 

action form to a memory form. Routing does not have to be 

explicitly stated on the form template; it may be defined 

elsewhere. 

A form instance must have a unique identification 

(form id) to distinguish it from other forms of its type. 
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For paper forms, the id is used for ordering and inventory 

control, as a reference in business correspondences, and as 

an aid in the administration of the forms. In an electronic 

forms environment the need for ordering and inventory 

control is eliminated but the other benefits of the form id 

remains. In particular the form id is the most important 

aid in locating and tracing a form instance. 

A form id must not be confused with a key element on 

the form. For instance, an employee number may be the key 

element for particular instances of both a travel expense 

voucher and an employee time card. The form id's for these 

instances of these forms, however, are drawn from a 

different domain than the ones for the employee id number 

and serve a different purpose than the employee id number. 

A form must have an id but it does not necessarily contain a 

key element. 

Every form must be approved before proceeding to the 

next agent or invoking the next action. The authentication 

of paper forms is demonstrated by one or more appropriate 

signatures. In electronic form systems the availability of 

the form to an agent signifies its approval from the prior 

agent. 

Figure 64 is a summary of the components of a form 

with a brief description of each component. 



Form Component 

Title 

Captions 

Entry 

Instructions 

Separator 

Routing 

Form id 

Approval 

Description 

Gives a name and a general 
description of the form 

What a respondent must respond 
and where 

The actual response by the agent 

Help to agent as how to 
fill out the form 

Horizontal or vertical lines 
separating logical parts of the 
form 

Description or address of next agent 
who must act on the form 

Unique form instance identification 

An approval (may be a signature) 
to release the form to next agent 

Figure 64. Summary of the Components of a Form 

114 
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4.3. Description of the Form Fields 

In our model we abstract a caption and its 

associated entry into a form field. From this viewpoint, a 

caption can be regarded as an attribute of its form field. 

Therefore the same form field may be represented by two or 

more different captions in two or more different form 

templates. Or, we can identify a form field where there is 

no caption for an entry. In addition, when a caption is a 

long text (such as text part in a standardized business 

letter) the fOl~ field helps in abstracting the text and its 

associated entry. 

A form field roughly corr~sponds to the concept of 

an attribute in database terminology. It must be stated, 

however, that a form field is not identical to an attribute. 

We will develop and discuss in detail the mapping from a 

form field to an attribute in later chapters. 

In the following paragraphs the properties of form 

fields are described. For purposes of demonstration, Figure 

65 (the Shipment Authorization Form) and its schema which is 

depicted in Figure 77 will frequently be referenced. 

4.3.1. Types of Form Fields 

We identify four types of form fields: atomic 

(elementary), group, multiple choice, and boolean. An 

atomic field does not have any constituent (sub) fields. 



SHIPMENT AUTHORIZATION 

DATE OF ---------- INVOICE -----
AUTHORIZATION 12-12-83 NO 580 

SHIP TO: 

NAME ABC Stores Branch 1 

ADDRESS Any Street 

I-~=~-:~:~~-~:-::-~~~~~----------I 
CUSTOMER ---------------------
ORDER # 

SALES ORDER 
NO 

PRODUCT-NO 

P10 

P20 

----- SHIPPING -----
153 POINT TUC 

WAREHOUSE 

LOCATION BIN-NO QUANTITY 

TUC 2 18 

3 8 

TUC 8 10 

PHE 4 10 

8 5 

TOTAL------------------------------------) 

WEIGHT 

180 

80 

50 

50 

25 

-------
385 

AUTHORIZED 1---------------- CARRIER -------------1 
BY Shipping clerk 

1---------------- -~~~~--------I 
Figure 65. Shipment Authorization 
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Examples of atomic fields are "NAME" and "LOCATION" in 

Shipment Authorization Form in Figure 65. A group field 

does not have any entry but rather groups a number of other 

fields., A form's title is the highest level group of the 

form. A group field may contain any of the other types of 

form fields. An example of a group field is the "WAREHOUSE" 

in Figure 65. To indicate a group field, we follow its name 

by enclosing letter "G" in parentheses. The sub-fields are 

surrounded by brackets. 

A common type of form field is the multiple choice 

question. In Figure 61 "CUSTOMER TYPE" is an example of a 

multiple choice field. The only difference between a 

multiple choice and other type"s of form field is that the 

possible entries are explicitly stated for the former. The 

instruction of the mUltiple choice field must instruct the 

respondent as how many choices are allowed to be selected. 

In the example of Figure 61, for instance, the instruction 

may state that the choice is limited to only one entry. A 

special case of multiple choice field is the boolean field 

which has only two entries and the choice is restricted to 

only one of them. Figure 66 is an example of a boolean 

field. 



Have you ever been convicted 
of a felony ? 

yes 

no 

Figure 66. Example of a Boolean Field 

FORM FIELDS 

SINGLE-VALUED MULTI-VALUED 

SET-VALUED BAG-VALUED 

Figure 67. Taxonomy of Form Fields Based 
on Their Cardinality 
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4.3.2. Cardinalities of Form Fields 

Cardinality of the form fields refers to the number 

of occurrences of values of the form field. There are two 

types of form fields: single-valued and multi-valued form 

fields. Multi-valued form fields can further be divided 

into set-valued and bag-valued. In a set-valued form field 

all the occurrences are unique whereas in a bag-valued field 

there may be duplicate occurrences of the same value. 

Figure 67 depicts this taxonomy. 

We define cardinalities over three aspects of a form 

type. A "field cardinality" is the cardinality of a form 

field within its parent field. We call the cardinality of a 

field within an instance of a form "form cardinality". A 

"form-type cardinality" is the cardinality of the field 

within all possible instances of the form type. We mean 

field cardinality when we refer to the cardinality of a form 

field without specifying field, form, or form type 

cardinality. Group fields do not have cardfnalities. 

Rather the cardinalities of their constituent ~ub-fields are 

specified. 

4.3.2.1. Field Cardinality. One type of constraint 

on occurrences of entries of a form field can be stated as 

the cardinality of that form field within another form 

field. As an example consider possible entries of BIN-NO 

which can occur for a given LOCATION in Figure 65. The 
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cardinality of BIN-NO for a given LOCATION entry is "set" as 

part of the requirements of form definition. As another 

example the cardinality of LOCATION for a given entry of 

PRODUCT-NO is "set". We represent this concept as a 

hierarchy of form fields. This hierarchy can be nested to 

any arbitra~y degree. The root of this hierarchy is the 

form type. Therefore, for instance in Figure 65, a form 

field such as "DATE OF AUTHORIZATION" has a field 

cardinality of "1" and one such as "PRODUCT-NO" has a 

cardinality of "set" within the form type. 

4.3.2.2. Form Cardinality. Another constraint on a 

form field is its cardinality within an instance of the 

form. As an example, in Figure 65 the form cardinalities of 

LOCATION or BIN-NO are "bag" whereas their field cardinality 

was "set". The form cardinality of the top level form 

fields, that is the level just below the form instance, is 

always the same as their field cardinality. For instance, 

both form and field cardinalities of "DATE OF AUTHORIZATION" 

in Figure 65 is "1". 

4.3.2.3. Form-Type Cardinality. Form-type 

cardinality refers to the number of occurrences of a form 

field within all possible instances of that form type at any 

given point in time. This cardinality must be multi-valued 

otherwise the definition of form type is violated. As an 

example consider "SHIPPING POINT" in Figure 65. Its 
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form-type cardinality is "bag" across all possible existing 

instances of Shipment Authorization form. 

4.3.2.4. Inferring Form and Form-Type Cardinalities 

from Field Cardinality. Some of the form and form type 

cardinalities can be inferred from field cardinalities. 

Below is a list of rules which apply to this inference. By 

a "top level form field" we mean a field which is just below 

the form instance in the hierarchy. 

1. If form field is top level and its field cardinality 

is 1 then its form cardinality is 1 and its form 

type cardinality is either set or bag. 

2. If form field is top level and its field cardinality 

is set then its form cardinality is set and its form 

type cardinality is either set or bag but most often 

it is bag. 

3. Regardless of a fields position in a hierarchy if 

its field cardinality is bag then its form and form 

type cardinalities are also bag. In addition, if 

its form cardinality is bag then its form type 

cardinality must also be bag. 

4. If the immediate or indirect ancestors of a form 

field are multi-valued, then regardless of the 

field's cardinality its form and form type 

cardinalities are either set or bag. 



122 

4.3.3. Hierarchical Abstraction of Form Fields 

In order to represent the hierarchical relationships 

between form fields in a concise manner, we draw a 

hierarchical abstraction of the form. The root of this 

hierarchy is the form type. Figure 68 depicts this general 

hierarchy. The nodes of the hierarchy represent form fields 

and are denoted by rectangular boxes. Group field names 

appear outside and to the left of the group constituents. 

An open bracket indicates the beginning of the group 

constituents and a closed bracket the end. The cardinality 

of the group is denoted on top of the group name. On the 

arcs of the hierarchy we denote the field cardinalities of 

the children within their parents. 

The cardinality of a form template is either "1" or 

"set". It is "1" when there is only one template for the 

form type, and it is "set" when there are more than one 

template for the type. The cardinality of a form instance 

is "set" when there are unique instances of ·the form within 

the system. When it is "bag" it indicates the existence of 

multiple copies of the form. Figure 69 depicts the 

hierarchical abstraction of the Shipment Authorization Form. 

Notice that LOCATION and BIN-NO fall naturally into 

a hierarchy in Figure 69 even though the layout of the 

Shipment Authorization Form implies otherwise by showing 

them together under the group heading WAREHOUSE. 
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---------------1 
form type I 

---------------

1---------------

I 
form template 

---------------

1--------------1--------------

I form field 1 I form field 2 
-------------- --------------

form field n 

form field 3 form field m 

Figure 68. Hierarchical Model of a Form 
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shipment auth 
template 

bag 
---------------1 

shipment auth 
instance 

----1------ 1 ----1-------1--------1-------1 
~~:=I~~~-~~ ship-tor ~~~=I:~~:=::I~:::::::I::::~::I 

set 

p:::-oduct 

set 
set ----------

warehouser location 

set bag bag 

bin-no 1 quantity weight 

Figure 69. Hierarchical Abstraction of the 
Shipment Authorization Form 
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In the form schema of Figure 77, the hierarchical 

structuring is depicted by the columns LEVEL and NODE which 

indicate respectively, the hierarchical level of the form 

field and the node number within the level. Nodes are 

numbered starting from 0 (leftmost). Notice that this model 

allows the existence of multiple nodes within one level. 

4.3.4. Actual Entries on the Form and their Abstraction 

For multi-valued form fields various representations 

may be specified when the form is defined. Figure 70 shows 

a different representation of Figure 65. Although they 

represent the same reality, the structure of these two forms 

are different. Figure 71 depicts the hierarchical 

abstraction for the form in Figure 70. 

A comparison of the abstractions depicted in Figures 

69 and 71 reveals some interesting facts. In Figure 70 the 

LOCATION field is normalized. As a consequence it is placed 

on the same level as BIN-NO in the hierarchi~al abstraction 

of Figure 71. In Figure 69 LOCATION is the parent of 

BIN-NO. An important semantic information is lost in Figure 

71. The "set" constraint on LOCATION is relaxed to "bag". 

This means that we no longer can infer the fact that the 

BIN-NOs are unique within each LOCATION. That is, from the 

abstraction in Figure 69 we can infer that duplicate BIN-NOs 



DATE OF 
AUTHORIZATION 

SHIP TO: 

NAME 

SHIPMENT AUTHORIZATION 

12-12-83 
INVOICE 

NO 

ADDRESS Any Street 

CUSTOMER 
ORDER # 

SALES ORDER 

New York, N. Y. 20000 

153 
SHIPPING 

POINT 

WAREHOUSE 

-----1 

-:~~-I 

-----1 
-~~~-I 

PRODUCT-NO LOCATION BIN-NO QUANTITY WEIGHT 

PIO TUC 2 18 180 

TUC 3 8 80 

P20 TUC 8 10 50 

PHE 4 10 50 

PHE 8 5 25 
-------

TOTAL------------------------------------> 385 

AUTHORIZED 
BY 

1----------------
I 

Shipping clerk 
----------------

CARRIER 
ACME 

Figure 70. A Different Representation of Figure 65 
(LOCATION is normalized) 
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cannot exist within one location whereas we lost this 

information in Figure 71. 
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Notice that we can always normalize any set-valued 

form field by making it bag-valued. The opposite, however, 

is not true. We cannot automatically make a bag-valued 

field into a set-valued one unless we gather more 

information which would make that possible. For every field 

which is bag-valued we must further investigate the 

possibility of it being set-valued. 

4.4. Properties of the Form Fields 

In this section we will describe characteristics of 

the form field as a data object. We will discuss the origin 

of the entry, its data type and length, its range and 

possible values, the default values it can assume, 

permission of null values, and search fields. 

4.4.1. Origin of Entry 

We distinguish five types of form fields based on 

the origin of their entry. A form field is "User-triggered" 

(U) if the entry of the form field is derived neither from 

the same form instance nor from any instance of any other 

form type. Rather, the user inputs the entry. An example 

is the entry for the field "CARRIER" of Figure 65 which the 

user must input. 



1 

shipment auth 
template 

bag 
---------------1 

shipment auth 
instance 

1 -------1--------1-------1 
date ~~~_~~ ship-tor name :~~::::I~:::::::I:~::~::I 

set 
warehouser 

set 

1--------- 1 

I-~~~~~::-I 

bag bag bag bag 
-----------1--------1 
1 qu ant i t y I- we i g h t I 
--------~-- --------

location bin-no 

Figure 71. Hierarchical Abstraction of the Form 
in Figure 70 
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The origin is "Form-triggered" (F) if the form field 

is transferred identically from one form to another. An 

example of an F type field is "SALES ORDER NO" in Figure 65 

which is originated from the field "SALES ORDER NUMBER" of 

the Sales Order form of Figure 61. The two form field 

captions may not always be as similar as this example may 

suggest. 

The origin is "Value-triggered" (V) if the form 

field is displayed because of the value(s) in one or more 

fields of the same form. The PRICE/UNIT field of Figure 61 

is displayed automatically as soon as a value for PRODUCT 

NAME is entered by the operator. A "V" type form field 

indicates explicit functional dependency. A variation is 

type FV when the form field is a combination of Form- and 

Value-triggered types. An example is PRODUCT-NO in Figure 

65 which is displayed because of a value for PRODUCT-NAME 

from Figure 61. 

A "Computation-triggered" (C) entry is one which is 

computed from other entries of the same form instance or 

other form instances. An example of a computed entry is 

"TOTAL" in Figure 65 which is computed by adding up the bag 

of entries for (form field) column "WEIGHT". 

The origin is "System-triggered" (S) if a value is 

automatically assigned to the form field upon its (instance) 

creation. In a manual form processing application a 

pre-printed value for a particular form field is considered 



130 

to be a system-assigned value. In Figure 65 INVOICE NO is a 

system type field. The invoice numbers are incrementally 

assigned to invoices at the form instance creation time. 

Figure 72 summarizes the codes we will use to depict 

the origin of the form field entry. We call types F, V, FV, 

C, and S "Display" because they are displayed without an 

operators intervention. Notice that in a pure report type 

of form all entries are of type display. 

4.4.1.1. Form Field Flow Table and Graph For each 

form we construct a table which shows the sources of each F, 

V, and FV type field on the form. We refer to these types 

of form fields as "sink form fields". There may be more 

than one source form for F type fields. For instance, form 

fields x and y on form A may have their origins from forms B 

and C , respectively. When there is more than one source 

for an F type field, one must arbitrarily be chosen. A V or 

FV type field, however, can not have more than one source 

because a field may not be functionally dependent on more 

than one form field. 

The Form Field flow table has three columns. In the 

first column we list form fields which are the sources of 

the form fields on the present form. The second column 

shows the origin of the fields which are listed in the third 

column. The origins must be either F, V, or FV. In the 

third column we list the sink form fields. 



U USER-TRIGGERED 
F FORM-TRIGGERED 
V VALUE-TRIGGERED 
FV FORM/VALUE-TRIGGERED 
C COMPUTE-TRIGGERED 
S SYSTEM-TRIGGERED 

Figure 72. Origin of Entry 

Source 
Form Field 

Sink 
Origin Form Field 

BILL-TO NAME 
BILL-TO NAME 
PRODUCT NAME 

V BILL-TO ADDRESS 
V CUSTOMER TYPE 
V PRICE/UNIT 

Figure 73. Sales Order Form Field Flow 

Source Sink 
Form Field Origin "Form Field 
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SALES ORDER • SHIP-TO NAME 
SALES ORDER • SHIP-TO ADDRESS 
SALES ORDER • CUSTOMER ORDER NO 
SALES ORDER • SALES ORDER NUMBER 
SALES ORDER • PRODUCT NAME 

F 
F 
F 
F 
FV 

SHIP-TO NAME 
SHIP-TO ADDRESS 
CUSTOMER ORDER NO 
SALES ORDER NO 
PRODUCT NO 

Figure 74. Shipment Authorization Form Field Flow 



we will use the following syntax to show the form 

field flows: 

origin 
formname.sourceformfield-------->formname.sinkformfield 

For example, consider: 
FV 

sales order.product name --------> shipment.product no 

The formname defaults to present form name when the 

form-name is left blank. The "." separates the form name 
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from the form field name. When a source form for a field is 

not known we use the special form "system" as its source 

form name. 

Figures 73 and 74 depict the Sales Order Form Field 

Flow and,the Shipment Authorization Form Field Flow tables, 

respectively. 

Alternatively, we can represent the form field flow 

graphically as shown in Figure 75. This representation will 

be used for form fields of types F and FV only, to depict 

the flow between forms. We have excluded the V type in this 

representation because that shows the flow within a from. 

The graphical representation is useful for visually 

examining the bonds between all the forms and obtaining an 

appreciation for their closeness. 
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SALES ORDER SHIPMENT 

I-;~~;=;;-~~~;----------I _____ : _____ > I-~~~;=;~-;~;~------I 
F 

SHIP-TO ADDRESS -----------> SHIP-TO ADDRESS 
F 

CUSTOMER ORDER NUMBER -----------> CUSTOMER ORDER NO 
F 

SALES ORDER NUMBER -----------> SALES ORDER NO 
FV 

PRODUCT NAME -----------> PRODUCT NO 

Figure 75. Graphical Representation of the Form Field Flows 
Between Sales Order and Shipment 

N NUMERIC INTEGER 

R NUMERIC REAL 

CH FIXED LENGTH CHARACTER 

CHV VARIABLE LENGTH CHARACTER 

$ DOLLAR, MONEY 

DT DATE 

T TIME 

M MULTIPLE CHOICE 

Pigure 76. Data type Codes 
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4.4.2. Relative position on the Template 

The position of a form field can be measured 

relative to the first form field. In a two dimensional 

form, the first form field is the one on the north-west 

corner of the form. In Figure 77 REL POS indicates the 

relative position of a form field within an associated ferm 

template.. It is a mapping from the form schema to a form 

template. On a two-dimensional template, the form field 

positions are determined by a 1eft-to-right, top-to-bottom 

ordering. In the case of more than one form template per 

form type, the relative position would be represented either 

in a separate column for each template or in another table 

outside of the form schema table. 

4.4.3. Existence of Null Values 

We can specify the possibility of existence of a 

null value for an entry of a user-triggered .form field. 

Null values are only specified for the user-triggered 

fields. We will not specify existence of null values for 

"F", "V", "FV", or "e" type fields because it can be 

inferred from their sources. By definition the US" type 

fields must always have a value. If null value is not 

allowed then the entry must be entered by the user. The 

non-acceptance of a null value is implied when there is a 

default value for a form field. As an example we may 
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specify that no nulls can be accepted for "CARRIER" in 

Figure 65. We explicitly depict the fact that nulls are not 

allowed by letter N (for no) in our model. 

4.4.4. Data Types and Length 

Each entry may be one of the six primitive types of 

data. Figure 76 depicts the codes we will use for these 

data types. In addition to its type, the maximum length of 

an entry must also be specified. For "CH" type of data the 

max length is actually the field length. As an example we 

can specify the data type and length of "N" and "5", 

respectively, for "SALES ORDER NO" in Figure 65. 

4.4.5. Range and Values 

We specify the range of possible occurrences of an 

entry when it is known. Otherwise the range will be all 

possible values of the data type associated with that form 

field. If we can enumerate the values of the form field we 

will do so by putting those values in a footnote. We give 

two examples. In Figure 61 we specify the range of values 

for "QUANTITY" to be between 1 and 9999, and in Figure 65 

the set of {PHE,TUCl to be the enumerated values for both 

"SHIPPING POINT" and "LOCATION". 
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4.4.6. Default Values 

A default value is a value which will automatically 

be entered for the entry of a form field if none has been 

entered by the user. Notice that the default value applies 

to user-triggered type of form fields, only. An example is 

a default value of "TUC" for "SHIPPING POINT" in Figure 65. 

The defa~lt values will explicitly be shown in our model. 

The fact· that no default value(s) are specified for a form 

field is depicted by a blank in our model. 

4.4.7. Search Field 

We define a form field as a "search field" if the 

entire form or a subset of the form (i.e. a number of form 

fields) are the targets of the search based on the search 

field value(s). As an example, consider the following query 

which is based on the Shipment Authorization Form in Figure 

65: 

"Find all Shipment Authorization forms which were 

issued on 12-12-83." 

From this query we can deduce that the 

DATE-OF-AUTHORIZATION is a search field, and the entire form 

is the target. Notice that the answer to the query may be a 

list. An example where a sub-set of a form is the target 

follows: 
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"List all the products and the locations from which 

they were shipped on 12-12-83." 

The sub-set of the form which is the target is 

"PRODUCT-NO, LOCATION." 

4.5. The Form Schema 

For each form type we concisely show the ideas of 

the previous sections in a tabular format. The rows of this 

table are form fields and the columns represent hierarchical 

structure of the form fields, various cardinalities, and 

fo~m field attributes. Form fields are indented when they 

are nested within another form field. This is how we 

incorporate the hierarchy of form fields into the schema. 

Figure 77 depicts the schema of the Shipment Authorization 

Form. 

The data type, max length, range and values, default 

value, and existence of nulls are not specified for transfer 

type of fields. These attributes are defineu for the field 

where it originally was created as an input or a computed 

type field. Likewise, the default value and no nulls will 

not be specified for computed type of fields. 

~ Summary 

In this chapter we developed a model for abstracting 

and describing forms. We presented a systemic view of the 



FORM FIELD 

DATE OF AUTHORIZATION 
INVOICE NO 
SHIP TO (G) 

[SHIPTO-NAME 
SHIPTO-ADDRESS] 

CUSTOMER ORDER NO 
SALES ORDER NO 
SHIPPING POINT 
TOTAL 
AUTHORIZED BY 
Cl.RRIER 

PRODUCT NO 
WAREHOUSE (G) 

[LOCATION 
BIN-NO] 
QUANTITY 
WEIGHT 

FORM 
FIELD FORM TYPE REL 

LEVEL NODE CARD CARD CARD ORIG POS 

o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
1 

2 
3 
3 
3 

o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 

1 1 BAG 
1. 1 SET 

1 1 BAG 
1 1 BAG 
1 1 BAG 
1 1 BAG 
1 1 BAG 
1 1 BAG 
1 1 BAG 
1 1 BAG 

SET SET BAG 

SET BAG BAG 
SET BAG BAG 
BAG BAG BAG 
BAG BAG BAG 

U 1 
S 2 

F 3 
F 4 
F 5 
F 6 
U 7 
C 13 
U 14 
U 15 
FV 8 

U 9 
C 10 
C 11 
C 12 

Figure 77. The Schema of the Shipment Authorization Form 
of Figure 65 
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RANGE 
DATA MAX & DEFAULT SEARCH 

FORM FIELD NULL TYPE LEN VALUE VALUE FIELD 
---------------------------------------------------------
DATE OF AUTHORIZATION N DT Y 
INVOICE NO N 5 Y 
SHIP TO (G2) 

{SHIPTO-NAME CHV 20 Y 
SHIPTO-ADDRESSl CHV 30 

CUSTOMER ORDER NO CHV 15 Y 
SALES ORDER NO N 5 Y 
SHIPPING POINT N CH 3 <1> TUC Y 
TOTAL N 5 
AUTHORIZED BY N CHV 20 Y 
CARRIER N CHV 20 Y 

PRODUCT NO N 5 Y 
WAREHOUSE (G2) 
{LOCATION N CHV 3 <1> TUC 

BIN-NO} N 5 
QUANTITY N 5 
WEIGHT R 4.2 

<1> {PHE,TUCl 

Figure 77. Continued. 
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forms as a transformation from action to memory to reports, 

emphasizing the role of the database as the memory part of 

this transformation. We then identified and discussed the 

eight components of any form. The concept of form field 

which plays an essential part in our model was introduced. 

The form field was categorized and its attributes were 

extensively discussed. 

Based on form field cardinalities we developed a 

hierarchical model of forms. The hierarchical graph is a 

broad overview of the relationships between form fields. A 

tabular schema was also developed which incorporates the 

attributes of the form fields in addition to capturing the 

information from the hierarchical model. We believe our 

model of the form is the most general and comprehensive 

model as compared to other reported research in this area. 

Although other similar hierarchical models such as [SHU 82] 

have been introduced previously, we have incorporated multi

and single-valued concepts into our hierarchical model. In 

addition we have introduced field, form, and form type 

cardinalities. This model will be the basis of analysis of 

the form in later chapters. 



CHAPTER 5 

ARCHITECTURF, OF THE EXPERT DATA DESIGN SYSTEM 

F,xpert system paradigms have been utilized by the 

database community for design and/or imolementation. In 

Chapter two, as samples of the application of the expert 

systems to the database design process, [BOUZEGHOUB 83] and 

[HOLSAPPLE 82] were reviewed. As another example we mention 

the work of [STONEBRAKER 82] which was concerned with 

anplication of expert systems techniques to construction of 

integrity constraints, protection, triggers, alerters, and 

views of a general purpose data base management system. We 

shall use the cxpert systems paradigm as an aid in designing 

the data base schema. 

This chapter is divided into three sections. In 

section S.l fundamentals of expert systems are explored and 

their components are described. Section 5.2 explains the 

architecture that we have chosen for the expert data design 

system. This architecture contains multiple knowledge bases 

and uses a forward chaining method for reasoning. Section 

5.3 summarizes this cha~ter. 
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5.1. Fundamentals of Expert Systems 

An expert system is the machine equivalent of a 

human expert in some field of human endeavor which requires 

specialized knowledge. Ideally, an expert system must be 

intelligent enough to replace the human expert. As such, it 

must have the ability to make decisions, or draw conclusions 

by logical inferences. 

Historically, expert systems were developed from the 

artificial intelligence research [DAVIS 77a], [DAVIS 77b], 

[FIEGENBAUM 79]. They are applied artificial intelligence. 

They provide, at an human expert level, intelligent 

solutions to difficult and non-exact problems. 

5.1.1. Components of an Expert System 

Most expert systems built to date have three basic 

components in common. 

a. Knowledge base, also known as rule base is a 

repository of rules in the form of the IF-THEN 

clauses. These rules are stored in the knowledge 

base in some coded form. A knowledge base may 

contain hundreds of these rules. Their general form 

is as follows [DUDA 81]: 



IF <antecedent 1> 

THEN 

<antecedent m> 

<consequent 1> 
with certainty cl 

<consequent n> 
with certainty cn 

The IF-THEN constructs are alternatively 
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called the "situation-action" rules or "production 

rules" [DAVIS 77b]. They are built over time by an 

expert in a specific domain and are stored in the 

knowledge base. Each rule has associated with it a 

certainty factor which indicates the probability of 

the applicability of the rule. 

b. Rule interpreter, also termed "inference engine" is 

the interpreter of the rules. It is a pattern 

matcher which looks for appropriate rules in the 

knowledge base to match to the specific task at 

hand. 

c. Global data base, also termed "working memory", is 

the repository of the present problem in the form of 

assertions. The contents of this data base is being 

matched by the rules interpreter to the contents of 

the knowledge base. 
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5.1.2. Interaction Between Components 

Depending on the contents of the global data base, 

the inference engine decides what rules are to be 

interpreted next. In its simplest form the interpreter goes 

through the assertions in the global data base and applies 

the rules contained in the knowledge base, whenever it 

matches an assertion to an antecedent. This is a method of 

reasoning and sometimes is called "antecedent reasoning" or 

"forward chaining". 

An alternative which is a mirror method to the one 

just described , is a "goal-driven" interpreter which scans 

the rules to match the consequent part of a rule to a goal. 

If there is a match, it compares the antecedent part of the 

rule to the assertions in the data base. A solution is 

found if the antecedent is matched. 

5.1.3. Knowledge Engineer 

The knowledge inside the knowledge base of an expert 

system is gained from human experts' experiences, judgments, 

common sense, and heuristics. This knowledge must be 

illuminated and embedded in the expert system by a knowledge 

engineer. Sometimes the knowledge engineer is the expert 

himself/herself. Knowledge engineering, hence, is the 

process of building the knowledge base. 



5.2. Architecture of the Form-Based 
Expert Data Design System (EDDS) 

In our expert database design system (Figure 78), 

the fact base is divided into the Form Application Base 
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(FAB) which contains form schemas and form field flows, the 

Design Database (DDB) which contains the evolving ERD, and 

the Design Status Base (DSB) which records the current 

status and past design decisions. The inference engine 

applies data design rules in a forward manner during a 

dialogue with a database designer. Instead of using the 

certainty factors, the system seeks confirmation from the 

human data designer for its uncertain conclusions. 

We divide the design task into six phases (Figure 

79). The Form Selection phase determines the next form to 

analyze. The Entity Identification phase determines form 

fields that represent entities. The Attribute Attachment 

phase adds attributes to the previously identified entities, 

while the Relationship Identification phase connects the 

previously identified entities with relationships. The 

Cardinality identification phase decides about 

minimum/maximum cardinalities of an entity in a 

relationship. The Consistency phase applies rules to ensure 

the consistency of the evolving schema diagram. 

The middle four phases can operate in sequence or 

involve backtracking as shown in Figure 79. A designer can 

perform all the phases in sequence so that first, all 



EXPERT 

DESIGN 
STATUS 

BASE 

(DSB) 

DATA 
DESIGN 

KNOW
LEDGE 
BASE 

(DDKB) 

USER 

146 

+----------+ 
FORM 

<-------> DEFINITION 
SYSTEM 
(FDS) 

+----------+ 

FORM 
BSTRAC 
TION 
BASE 

( FAB) 

'----~ 
+------------------+ 

DESIGNER 
INFERENCE ~ 

<----------> <----------> 
ENGINE 

+------------------+ 

DESIGN 
DATA 
BASE 

(DDB) 

Figure 78. Architecture of the Form-Based 
Expert Database Design System (EDDS) 



+----------> 

----------------1 
FORM 

SELECTION I 
----------------1 

1 
ENTITY 

+----> IDENTIFICATION 

----> 
<----

-------~--------I 
ATTRIBUTE 
ATTACHMENT 

----> RELATIONSHIP 
<---- IDENTIFICATION 

----> 
<----

+-----------

1 ----------------1 
CARDINALITY I 

IDENTIFICATION 
----------------1 

1 
CONSISTENCY 

CHECKING 

Figure 79. Phases of the Expert Database Design System 
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entities are identified, then all attributes are attached, 

and finally all relationships are identified. 

Alternatively, a designer may decide to backtrack between 

any of the steps. The process terminates when no fields on 

the form remain to be analyzed and other consistency 

constraints are satisfied. The system backtracks to the 

Form Selection phase when the consistency rules are 

satisfied. 

Our system operates on one form at a time using the 

knowledge about previously analyzed forms which are in the 

DDB. Initially, a form to be analyzed is chosen and an 

Entity Relationship Diagram (ERD) that represents the form 

is derived according to the rules of the last five phases. 

Another form is chosen to analyze and the previously defined 

schema diagram is augmented with the results of analyzing 

this form. This process continues until no forms remain. 

Two forms are never simultaneously analyzed. 

5.3. Summary 

We discussed the architecture of the expert systems 

in general and of the production systems in particular. We 

described that our form-based data design system has a 

rule-driven forward-chaining architecture. Our approach to 

data design is to store the rules of mapping from the form 

schemas to a data schema in a knowledge base. The knowledge 
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base consists of a rule base, a fact base which contains the 

form schemas, and another fact base which stores the design 

status. Further, the evolving design database is used in 

conjunction with other knowledge bases as a fact base. 

The rules of mappings from the form schemas to a 

data schema are grouped into Form Selection t Entity 

Identification, Attribute Attachment, Relationship 

Identification, Cardinality Identification, and Consistency 

Checking. Each group of rules is considered to be one phase 

of the design process. The rules, however, are not applied 

sequentially. The data designer can postpone a design 

decision and backtrack between the groups of the rules. 

In the next chapter each of the catego~ies of the 

rules will individually be described. A sample form schema 

will be used to illustrate the derivation of a data model 

for any form schema. 



CHAPTER 6 

FORM ANALYSIS RULES 

In this chapter we describe the rules underlying 

each of the design phases mentioned in the previous chapter. 

Most of the rules are mappings from the form schema to an 

instance of the ERD. In each section, we explain the 

rationale behind the rules and present examples of their 

formalization in our expert system. Appendix B lists the 

rules with their accompanying predicate and action lists. 

The general format of a rule is: IF 

<PREDICATE-LIST> THE~ <ACTION-LIST> where PREDICATE-LIST is 

a boolean combination of predicates connected hy AND, OR, 

and NOT, and ACTION-LIST is a sequence of actions. In 

general, a predicate may have any of its arguments 

instantiated. If an argument is not instantiated, the 

predicate instantiates the argument as a side effect. 

Actions change the state of the design database and/or 

prompt the designer for input. We have four general purpose 

actions as shown below. ADD concatenates the element 

LISTMEMRER to the tail of LIST, while DELETE removes 

LISTMEMRER from LIST. ASSERT adds the necessary facts to 

tile design datahase to make PREDICATE true, while RETRACT 
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deletes the necessary facts to make PREDICATE false. 

ADD (LISTMEMBER, LIST) 
DELETE (LISTMEMBER, LIST) 
ASSERT (PREDICATE) 
RETRACT (PREDICATE) 

151 

Sections 6.1 through 6.6 explore the rules. There 

is a one-to-one consecutive correspondence between these 

sections and the boxes of Figure 79. Section 6.7 summarizes 

this chapter. 

6.1. Form Selection Rules 

The form selection phase determines the next form to 

analyze using the source/destination dichotomy. We have two 

cases to consider. The first case is when no forms have 

been analyzed or when no forms are related to the collection 

of previously analyzed forms. In this case, we choose the 

form with the smallest number of destination fields whose 

source is from another form (i.e., F and FV fields). 

Destination fields can be difficult to analyze when the 

corresponding source field is not on a previously analyzed 

form. Since this case only happens when no related forms 

exist, we choose the form with the minimum number of 

destination fields. If more than one form satisfies this 

criterion, we choose the form with the largest number of V 

(value triggered) fields because V fields are easy to 

analyze. 
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In the second case, we have remaining forms that are 

related to the previously analyzed forms. The next form to 

analyze is the one most closely related to the previously 

analyzed forms. We measure the strength of the relationship 

of form B on form A by the number of source fields in B's 

form flow table which have their sources in A. We break 

ties as in the first case. The rationale for this strategy 

is similar to the rationale for the first case. Here, we 

want to maximize the number of destination fields whose 

source is on previously analyzed forms because the 

destination fields have been previously analyzed. 

As examples of the form selection cases, consider 

Figure 80. In this figure, an arrow from form A to form B 

indicates that A is the source of a field in B. Forms 1 and 

4 have no destination fields so they both qualify as the 

first form to analyze. We assume arbitrarily that form 1 

has the largest number of V (value triggered) fields so it 

is selected. Form 2 becomes the next form to analyze 

followed by form 3 because form 2 is more closely related to 

form 1 (2 destination fields) than form 3 (1 destination 

field). Form 4 is the next form to analyze because no 

remaining forms are related to the previously analyzed 

forms. 

We have one rule for each strategy as shown below. 

In these rules, PF is the list of previously analyzed forms, 

RF is the list of remaining forms, OF is the list of 



1--------------1 1--------------1 
1 1-------------> I Form 1 

Form 4 

From rule 1: 
(or 2) 

From rule 1: 
(or 2) 

From rule 2: 
(or 3) 

From rule 2: 
(or 3) 

Form 2 
-------------> 

--------------1 

_1_1_1 __ 
Form 3 

-------------> 
Form 5 

-------------) 

Figure 80. Form Flow Example 

----- ---SALES ORDER NO 
ORDER 

I-------I---PRODUCT NAME 

I:~~~~::I 

-------- ---NAME 
CUSTOMER 

;~~~-;~I---NAME 
-------1 
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Figure 81. Entities Resulting from Application of Entity 
Identification Rules to Sales Order Form 



qualifying forms, and F is the final form selected. The 

predicate DEST-FIELDS-IN-RF returns true if at least one 

form in its second argument contains a destination field 

whose source is in its first argument. The predicate 

154 

SMALLEST-NUMBER-F-FV-FIELDS returns a list of forms in its 

second argument which have the smallest number of F and FV 

fields. The predicate LARGEST-NUMBER-V-FIELDS returns the 

form in its second argument with the least V fields among 

the list of forms in its first argument. If more than one 

form qualifies, one is arbitrarily chosen. The result of 

the both rules is to make F the current form and to delete F 

from the remaining forms list. 

IF NOT (DEST-FIELDS-IN-RF (PF, RF) 
SMALLEST-NUMBER-F-FV-FIELDS (RF, 
LARGEST-NUMBER-V-FIELDS (QF, F) 

THEN 
ASSERT (IS-FORM-TO-ANALYZE (F» 
DELETE (F, RF) 

AND 
OF) AND 

IF DEST-FIELDS-IN-RF (PF, RF) AND 
LARGEST-NUMBER-F-FV-FIELDS (PF, RF, OF) AND 
LARGEST-NUMBER-V-FIELDS (OF, F) 

THEN 
ASSERT (IS-FORM-TO-ANALYZE (F» 
DELETE (F, RF) 

6.2. Entity Identification Rules 

To identify possible entities on a form we use some 

heuristic rules which are based on the cardinality, origin, 

name, and grouping of form fields. These rules suggest that 

a form field may represent an entity. The designer is asked 
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to confirm the suggestion. Informally, these rules can be 

stated as: 

1. Any form field whose field, form, or form type 
cardinality is "set" may represent an entity. The 
set valued form field is a candidate key. 

2. Any form field matching a common candidate key 
suffix such as NAME, NO, NUMBER, and # may represent 
an entity. 

3. A group form field may represent an entity. The 
subfields of the group are attributes of this 
entity. 

4. Any form field which is the source of another form 
field, whether of this form or another, is a 
possible entity. 

As an example of formal specification of these 

heuristics consider the formalism of Rule 1 above. 

Arguments FF and RFF represent a form field and the list of 

remaining form fields, respectively. The firing of the rule 

causes the designer to be prompted about whether the form 

field represents an entity. 

IF INLIST (FF, RFF) 
((FIELD-CARD (FF, 'SET') OR 

(FORM-CARD (FF, 'SET') OR 
(FORM-TYPE-CARD (FF, 'SET')) 

((ORIGIN (FF, 'U') OR 
(ORIGIN (FF, 'S') OR 
(ORIGIN (FF, 'F')) 

THEN 
MAY-REPRESENT-ENTITY (FF, E) 

AND 

AND· 

In the above rule we have constrained the origin of 

the form field. It excludes 'V', 'FV', and 'C' type origins 

because these types of fields do not n~cessarily identify 

entities but rather are attributes of entities. 
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If the designer responds positively to the message 

from any of the previous rules by naming an entity, the 

following rule is fired. In this rule, E represents an 

entity and PE represents the list of previously identified 

entities. 

IF MAY-REPRESENT-ENTITY (FF, E) 
THEN 

ADD (E, PE) 
ASSERT (CANDIDATE-KEY (E, FF)) 
ASSERT (ATTRIBUTE-OF-E (FF, E) 
DELETE (FF, RFF) 

Application of these heuristic rules to the Sales 

Order Form result in identification of the entities depicted 

in Figure 81. The entities are named by the designer as the 

rules are being applied. For instance, the CUSTOMER entity 

was derived from the group field BILL-TO. 

6.3. Attribute Attachment Rules 

These rules attach form fields to previously 

identified entities and relationships. The first two rules 

are based on the ORIGIN property. The first rule eliminates 

a form field from consideration if its ORIGIN is form 

triggered (F) and its source field has already been 

analyzed. In this rule the SOURCE predicate is true if the 

first argument is the source of the second argument. 



IF INLIST (FFl, RFF) AND 
ORIGIN (FFl, 'F') AND 
SOURCE (FF2, FFl) AND 
(ATTRIBUTE-OF-E (FF2, E) OR 
ATTRIBUTE-OF-R (FF2, R) 

THEN 
DELETE (FFl, RFF) 
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No fields of the Sales Order Form can be eliminated 

by this rule. However, when the Shipment Authorization Form 

is analyzed, four form fields are eliminated by this rule 

(see Figure 74). 

The second rule deals with functional dependencies 

implied by a form field's ORIGIN property. Both value (V) 

and form valued (FV) triggered fields are functionally 

dependent on their source fields and may be an attribute of 

the same entity as their source field. Therefore, this rule 

asks the designer to attach a form field to an entity if the 

entity contains its source field. If the designer replies 

with an entity name, the form field is attached and removed 

from the list of remaining form fields. 

IF INLIST (FFl, RFF) AND 
ATTRIBUTE-OF-E (FF2, E) AND 
SOURCE (FF2, FFl) AND 
(ORIGIN (FFl, 'V') OR 
ORIGIN (FFl, 'FV') 

THEN 
MAYBE-ATTACH (FF, E, E) 

Application of the second attachment rule to the 

Sales Order Form yields the addition of PRICE/UNIT as an 

attribute of the entity PRODUCT (see Figure 82) and 

BILLTO-ADDRESS as an attribute of the entity CUSTOMER. 



--------- ---PRODUCT NAME 
PRODUCT ---PRICE/UNIT (rule 2) 

I------------------I---SALES ORDER NO 

I 
ORDER I---SALES DATE 

---TOTAL BEFORE TAX 
I------------------I---CUSTOMER ORDER # 

I 
+-----ORDER DATE (rule 

TAX TOTAL 
(rule 3)* (rule 3)* 

I-~~~;;~;;-I===~~~~ESS (rule 2) 
I----------I---CUSTOMER TYPE (exception) 

-------I---NAME 
~~::_:~I---ADDRESS (rule 3) 

----------- ---TAX % (exception) 
TAX TABLE 

1------------- ---NAME (exception) 

I-~~::~::~~~~-

(rule 3) 
(exception) 
(exception) 

3)** 

* Rule 3 applies after TOTAL BEFORE TAX is attached 
** Rule 3 applies after CUSTOMER ORDER # is attached 

Figure 82. Application of Attribute Attachment Rules 
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A third attachment rule is based on the relative 

distance between a form field and the previously identified 

entities. This relative distance is known as the proximity 

factor. The proximity factor of form field FF for entity E 

is the absolute value of REL POS of FF minus the REL POS of 

the nearest form field which is an attribute of E. The 

proximity factor is only computed between fields in the same 

node which have not already been designated as an attribute 

of an entity. 

Table 4 shows the proximity factors for the two 

nodes of the Sales Order Form. Notice that at each node, 

only the proximities of the entities and form fields of that 

node are derived. For instance, PRODUCT is the only 

"already discovered entity" in its node. The proximity 

factors are recomputed each time a form field is attached as 

----------------+-------+-----+--------+-------+ 
PRODUCT ORDER CUSTOMER SHIP Tol 

---------------- ------- ----- -------- -------
SALE'S DATE 1 2 4 
SHIPTO-ADDRESS 4 2 1 
CUSTOMER ORDER # 5 3 2 
ORDER DATE 6 4 3 
TOTAL BEFORE TAX 11 9 8 
TAX % 12 10 9 
TAX 13 11 10 
TOTAL 14 12 11 
CUSTOMER TYPE 15 13 12 
SALESPERSON 16 14 13 

QUANTITY 1 
AMOUNT 2 

----------------+-------+-----+--------+-------+ 
TABLE 4. Proximity Table of the Sales Order Form 
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. 
an attribute of an entity, or when a new entity is 

identified by' it. 

Related form fields are often clustered together. 

Therefore, a small proximity factor (e.g., 1 or 2) between 

attribute FF and entity E often indicates that FF should be 

an attribute of E. In the following rule, the predicate 

SAME-NODE returns a list of the entities in the second 

argument which are on the same node as the form field of the 

first argument. The CLOSE predicate returns the list of 

entities in the third argument which are close to the form 

field of the first argument. The list of the entities in 

the third argument is a subset of the entity list of the 

second argument. 

IF INLIST (FF, RFF) AND 
SAME-NODE (FF, ELI) AND 
CLOSE (FF, ELI, EL2) 

THEN 
MAYBE-ATTACH (FF, EL2, E) 

In our current implementation, the predicate 

MAYBE-ATTACH fires another rule which causes the designer to 

be prompted. The close entities are listed in order of 

proximity and the designer identifies the entity in which to 

attach the attribute. When an attribute is attached, a 

functional dependency is added to the design database. 

Application of the third attachment rule yields the addition 

of SALES DATE to ORDER as shown in Figure 82. We plan to 

extend the current implementation so that the close entities 

will be graphically displayed and highlighted instead of 



just listed. The designer could then indicate his/her 

choice with a pointing device. 
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The remaining form fields are exceptions since they 

do not fit any of the entity identification or attachment 

rules. For each remaining form field, the designer can 

either define a new entity, attach the form field to an 

existing entity, or leave the form field on the list of 

remaining form fields. If the designer selects either of 

the first two options for a form field, the proximity rule 

may apply to the remaining form fields. In Figure 82, NAME 

and TAX% denote new entities, while CUSTOMER TYPE and TOTAL 

BEFORE TAX attach to previously defined entities. After 

TOTAL BEFORE TAX and CUSTOMER ORDER # are attached to the 

ORDER entity, the form fields TAX, TOTAL, and ORDER DATE are 

also attached because the proximity rule now applies. 

6.4. Relationship Identification Rules 

Identification of relationships is more difficult 

than attributes or entities. In the current implementation 

the entities are listed and the designer is asked to express 

any relationships between any two or more entities. There 

is, however, one rule which is used to establish a 

relationship between the current form and the so far evolved 

ERD. 
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If a form field on the current form has a set valued 
form type cardinality and it is the origin of an 'F' 
type field on another form, then there must be a 
relationship between the entity of the set valued form 
field in the current form to the entity of the set 
valued form field in the other form. 

Figure 83 depicts the situation where this rule 

applies. In our formalism it is stated as: 

IF ATTRIBUTE-OF-E (FFl, El) 
FORM-TYPE-CARD (FFl, 'SET') 
SOURCE (FFl, FF2) 
ORIGIN (FF2, , F' ) 
ATTRIBUTE-OF-E (FF3, E2) 
FORM-TYPE-CARD (FF3, 'SET') 
ON-SAME-FORM (FF2, FF3) 

THEN 
ESTABLISH-RELATIONSHIP (El, 

AND 
AND 
AND 
AND 
AND 
AND 

E2, R, ROLl, ROL2) 

As an example, this rule will establish a 

relationship between the ORDER entity and the entity which 

will have the form field INVOICE NO (of the Shipment 

Authorization Form) as an attribute. 

While identifying the relationships between 

entities, the designer is also asked to specify the role 

name for each entity in the relationship. The role names 

are used to identify reflexive relationship& (i.e. a 

relationship between the same entity) and multiple 

relationships between the same two entities. 

The last stage involves attaching the remaining form 

fields which may be attributes of relationships. Experience 

shows that this list is very short. The designer is 

directly asked as to the appropriate placement of these 

fields. 
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Form i Form j 

1------------1 1------------
El E2 

FF3* 

FF2 

1------------

1 

1------------
El 

------------1 
I 

------------1 

E2 

*FFl and FF3 both have set valued form type cardinality 

Figure 83. Visualization of the Relationship Rule 
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6.5. Cardinality Identification Rules 

After the relationships are identified, the min-max 

cardinalities must be determined. In the original ER Model 

[CHEN 76], only maximum cardinalities are used. We also use 

minimum cardinalities and reverse the position of the 

cardinalities in the diagram. For example, in the PREPARES 

relationship of Figure 84, a SALESPERSON occurrence is 

related to a minimum of "0" ORDER occucrences and a maximum 

of "m" ORDER occurrences, while an ORDER occurrence is 

related to one and only one SALESPERSON occurrence. 

Some of the min-max cardinalities can be determined 

from the following rules. These rules are based on form 

field cardinalities and the hierarchical level of form 

fields. The first cardinality rule is shown below. The 

predicate NODE-KEY is true for a form field if any of its 

cardinalities (i.e.,form type, form, field) is set valued. 

The max cardinality of an entity in level L in a 
relationship to an entity in level L+1 is m if a form 
field in the entity of level L is a node" key. 

In our formalism this rule is stated as: 

IF ATTRIBUTE-OF-E (FF1, El) 
NODE-KEY (FF1, L, N) 
ATTRIBUTE-OF-E (FF2, E2) 

AND 
AND 
AND 
AND LEVEL (FF2, L+l) 

RELATIONSHIP-BETWEEN (E1, E2, R) 
THEN 

ASSERT (MAX-CARD (El, R, 'm')) 

Two other rules are based on preserving the 

functional dependencies implied by node keys which are on 
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the same level of the form. To preserve the dependency 

constraints, all other form fields in the same node must 

either be an attribute of the same entity as the node key, 

or be an attribute of another entity which is functionally 

related (directly or indirectly) to the entity of the node 

key. Entity EI is directly functionally related to Entity 

E2 in relationship Rl if the maximum cardinality of EI with 

respect to E2 is one (i.e., an EI occurrence is related to 

at most one E2 occurrence). Entity E3 is indirectly 

functionally related to EI if there exists a relationship R2 

between E2 and E3 and the maximum cardinality of E2 with 

respect to E3 is one. 

These ideas can be represented by the following two 

rules. The first rule handles the direct case, while the 

second rule handles the indirect case as it is recursively 

defined. The recursion in the second rule occurs in its 

last predicate. 

IF NODE-KEY (FFI, L, N) 
NODE (FF2,L, N) 
ATTRIBUTE-OF-E (FFI, 
ATTRIBUTE-OF-E (FF2, 
RELATIONSHIP-BETWEEN 

THEN 

AND 
AND 

EI) AND 
E2) AND 
(El, E2, RI) 

ASSERT (MAX-CARD (EI, RI, , I' ) ) 



IF RELATIONSHIP-BETWEEN (EI, E2, RI) AND 
NODE (FF2, L, N) AND 
NODE (FF3, L, N) AND 
ATTRIBUTE-OF-E (FF2, E2) AND 
ATTRIBUTE-OF-E (FF3, E3) AND 
RELATIONSHIP-BETWEEN (E2, E3, R2) AND 
MAX-CARD (EI, RI, '1') 

THEN 
ASSERT {MAX-CARD (E2 r R2, '1'» 
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Two similar rules apply to preserve the dependency 

between a form field with an ORIGIN of V or FV and its 

associated source field. Two such fields should either be 

in the same entity, or in entities that are functionally 

related either directly or indirectly. If the fields are in 

different entities, the entities should be related with 

maximum cardinalities as stated in the previous rules. The 

only difference between these two rules and the previou~ two 

rules is that the LEVEL and NODE predicates are replaced 

with predicates about ORIGIN and SOURCE. 

Three more rules use the knowledge about permission 

of null values, node keys, and candidate keys to infer the 

minimum cardinalities of certain entity/relationships. For 

instance, if a form field is both a candidate and a node key 

then its min cardinality is '1' in a relationship to an 

entity which has a form field on the same node and for which 

no nulls are allowed. 

Figure 84 depicts the inclusion of relationships and 

min-max cardinalities into Figure 82 using the rules of this 

and the previous section. The system engages the designer 

in a conversation to derive the remaining min-max 



cardinalities. Figure 85 shows the completed ERD for the 

Sales Order form. 

6.6. Integrity Constraint Rules 
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We have two types of integrity rules that can be 

applied to check the consistency and completeness of the 

evolving ER diagram. The form mapping constraints check the 

mapping from the form schema to the evolving schema diagram. 

The first form mapping constraint ensures that there must be 

at least one relationship connecting entities in adjacent 

levels in the form. The second form mapping constraint 

ensures that the implied functional and multi-valued 

mappings between form fields are maintained in the evolving 

schema diagram. This constraint requires a collection of 

rules that are similar to the functional dependency rules of 

the previous section. The third form mapping constraint 

ensures that all form fields are represented on the diagram 

except possibly the F and FV fields whose source fields do 

not yet appear on the diagram. 

As an example, the formalization of integrity rule 1 

is stated below. The predicate LEVELS-RELATED is true if 

there exists an entity in level L related to an entity in 

level L+l. The RELATE-LEVELS predicate forces the designer 

to add a relationship between any entities in adjacent 

levels of the form. 



1~~~~~~~~~I---TaX% 
I ( : ) 

0~ 
Sale's date------- ----
Sales order no---- (1:1) 
Customer order .-- ORDER -------
Order date--------
Total before tax--
Tax--------------
Total------------- -------

(1 :m) 

ouantity~~ 
Amount~ 

I -----~-~-I) Product name----- PRODUCT 
Price/unit------- ---------

(Max cardinality of m, min cardinality of 1, and max cardinality 
of 1 are derived from rules 1, 2, and 3, respectively.) 

Figure 84. Partially Completed ERD of the Sales Order Form 
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1~~~~~~~~~I---TaX% 
I Cl: 1) 

Sale's date-------
Sales order no---- (1:1) 
Customer order .-- ORDER -------
Order date--------
Total before tax--
Tax--------------
Total------------- -------

( 1 :m) 

ouantit.~ 
Amoun~ 

(O:m) 

1
_--------1 Product name----- PRODUCT 

Prlce/unit------- ---------
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I----------I---Name 

1_~~~~~:~_I:::~~~~ess 
ICl:m) 

<2> 
I Cl: 1) 

(o:m)!---------I---Name 
------- _~~::_~~_I---Address 

figure 85. Completed ERD of the Sales Order Form 



IF NOT (LEVELS-RELATED (L, L+l» 
THEN 

RELATE-LEVELS (L, L+I, R, El, ROLl, E2, ROL2) 

The second collection of integrity rules enforce 
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constraints on the ER diagram. Some of the integrity rules 

such as the uniqueness of entity and relationship names and 

the requirement of unique role names for each entity in two 

or more relationships are enforced as the diagram is 

constructed. Other rules are typically enforced after the 

designer indicates that a form analysis is finished. 

Examples of these rules are: 1) Each entity must have at 

least one candidate key except for identification dependent 

entities, 2) All entities involved in a relationship must 

have an associated min-max cardinality, and 3) One candidate 

key of each entity must be designated as the primary key. 

6.7. Summary 

The general format of the heuristic rules were 

discussed. These rules map from instances o'f forms to an 

instance of Entity Relationship Diagram. The two rules of 

the form selection rules, select the next form from the 

group of forms for analysis. The entity identification 

rules identified entities from properties of forms. The 

attribute attachment rules attach form fields to entities or 

relationships. The relationship identification rules 

identified relationships between entities. The cardinality 
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identification rules identified the min-max cardinalities 

for each entity in each of its relationships. The last 

group of rules, the integrity constraint rules, enforce a 

number of integrity constraints which must be preserved for 

completeness of mappings and correctness of the resulting 

Entity Relationship Diagram. 

From each category of rules, one or more were 

applied to a sample form to demonstrate their applicability. 

In Appendix C the rules are applied to the case as a whole. 



CHAPTER 7 

CONCLUSIONS 

This chapter concludes this research. Section 7.1 

is the summary of the work reported here. In soction 7.2 we 

draw conclusions relative to other works in the area and 

hiqhlight the contributions made. In section 7.3 some ideas 

on extensions to this research and our future plans are 

sketched. 

7.1. Summary of the Research 

We devised models, mapping rules, and procedures to 

analyze a collection of husiness forms in order to derivG a 

conceptual schema for the data which are manipulated by 

those forms. 

Two models were utilized. The Entity Relationship 

Model (ERM) and Diagram (ERD) w~s the conceptual data model. 

Among our other extensions to the ERM were the minimum and 

maximum cardinalities which specify mappings between 

entities in their relationships to each other. A 

hier.archical form model was developed by which a form can be 

abstracted into a standardized format. This ahstraction was 

called the "form schema". For each form field on the form, 
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the form schema specifies its level and node in the 

hierarchy, its various cardinalities in the form, its origin 

of creation, its relative position on the form, and a number 

of other attributes which are used in a form management 

system. 

An expert system was developed to analyze the forms 

and create a conceptual design for the set of forms. The 

basic components of this expert system are production rules 

which map from instances of the form schema to an instance 

of the Entity Relationship Diagram. The production rules 

follow a forward chaining algorithm to draw the conclusions. 

The data in the form schemas are matched to the rules and 

conclusions are drawn from the matches. 

The rules of the production system were classified 

into six categories. Form Selection Rules select the next 

form for analysis. Entity Identification Rules identify 

entities from the attributes of form fields in the form 

schema. Attribute Attachment Rules are used to identify and 

attach the form fields to entities or relationships. 

Relationship and Cardinality Identification Rules identify 

the relationships between entities and the cardinality of 

each entity in all of its relationships, respectively. 

Integrity Constraint Rules ensure the completeness and 

consistency of mapping from the form schema to the Entity 

Relationship Diagram. Some of the rules need confirmation 

from the designer before committing their conclusions. 
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Various knowledge bases were utilized for the 

operations of the Expert Data Design System. They include 

the Form Schema Base, the Rule Base, the Design Database, 

and the Design Status Base. An Inference Engine ties these 

knowledge bases together. Friendly user interfaces have 

been developed for both the form schema elicitation and the 

data design interaction. 

7.2. Conclusions of the Research 

The main contribution of this research has been in 

identification, specification, and formalization of the 

mapping rules which aid a data designer in systematically 

developing a conceptual schema from a set of forms. The 

codification of these rules makes the knowledge modular and 

extendible. Although others have previously codified the 

database design knowledge in other contexts ([BOUZEGHOUB 

83], [EICK 85]), no one has codified the knowledge for form 

mappings. Our approach recognizes the complex mappings that 

are possible between a form and the underlying database. 

For example, we do not require that a form map to a single 

entity as in [HOLSAPPLE 82]. Since the analysis is based on 

the properties of form fields, it is less subjective and 

more efficient than that proposed in [BATINI 84]. 

Our form model is in itself an original one, 

although others have had similar models. We also proposed 
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many original extensions to the basic ERM in order to 

capture more of the semantics of the data. An automated 

software tool was designed and developed in order to 

implement the ideas presented in this manuscript and to 

facilitate the data designer's interaction with the Expert 

Data Design System. 

7.3. Future Directions 

Several important immediate extensions to this work 

are currently being pursued. First, an implementation of 

the system on a bit mapped graphics workstation will greatly 

enhance its usability. Second, we are currently formalizing 

this work in two directions: 1) Prove the correctness and 

goodness of the evolving schema diagram and 2) Automatically 

generate mappings that will materialize a form instance from 

the evolving schema diagram. Third, we plan to extend the 

form definition system so that it is capable of deriving 

form field properties from samples of filled~out forms. 

Fourth, implementation of the expert data design system in a 

language such as PROLOG which directly supports expert 

system development. Fifth, we plan to implement a form 

management system which can automatically design and 

logically optimize its underlying conceptual schema for each 

application. 
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The long term extensions include the integration of 

the form analysis presented in this manuscript into the more 

general problem of information system design. We envision 

an information system specification model which is based on 

the concept of "scripts" [SCHANK 77]. The central component 

of this script will be the business forms and their 

accompanying schema as was developed in this manuscript. 

Other major components of the script will be roles, props, 

and scenes. The script concept fits well into the frame 

representation of the form schema which was used here for 

implementation of the Form Abstraction Sage. 

We believe that forms provide an important input to 

the database design process that has largely been ignored in 

reported research. Our goal is to better understand the 

information provided by a form definition and the 

implication of this information on the conceptual data 

design process. 



APPENDIX A 

DESCRIPTION OF THE CASE 

In this appennix we describe a traditional order 

processing system. The layout of a Sales Order .is depicted 

in Figure 86. Notice that this and a few other figures 

which are presented here were used in the previous chapters 

for drawing examnles from. The order form is filled out by 

the comj)any's salesman. The source for this document is the 

customer's own purchase order form, a letter, a telenhone 

call, or a sales visit hy the salesman. The sales ordnr 

numher is already printed on the form as the form's unique 

identification number. The customer purchase order number 

is entered by the salesman if there is one. The price per 

unit is automatically filled out, totals are computed and 

filled. Copies of this order are sent to the credit office 

and the sales office in addition to a copy which is retained 

by the salesman. 

Price per units and totals are verified at the 

credit office. If the totals are accurate and if the 

customer's line of credit is above the total then a Shipment 

Authorization Form is prepared. 
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Figure 87 is the Shipment Authorization Form. It is 

used to authorize the shipment of merchandise to the 

customer. The merchandise may be shipped to a different 

address than the customer's address. If that is the case 

then it must be copied here from the SHIP TO field of the 

Sales Order Form. BIN-NOs are unique in each location. 

That is no two BIN-NOs can be the same in one location. 

Products, on the other hand, can be stored in any warehouse. 

Therefore it is possible to have, say, product PIO at both 

Tue and PHE locations. 

The products are stored in each warehouse by their 

numbers. For each Sales Order the closest warehouse to the 

shipping point is chosen and products are shipped from 

there. If there are not enough quantities of a product to 

satisfy an order, then the next closest warehouse is chosen, 

and so on until the order is filled. The products are then 

shipped to the shipping point if they are from a warehouse 

which is at a different location than is the shipping point. 

Six copies of the Shipment Authorization Form are 

used for each order. Figure 88 depicts the name of these 

copies and their destinations. Notice that the first five 

copies go to the shipping department and then are 

distributed from there. 

The layout of the Sales Invoice is depicted in 

Figure 89. It is filled out after the checking copy (copy 

3) of the Shipment Authorization Form is received from the 
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shipping department. The INVOICE NO on the Sales Invoice 

Form is copied from its corresponding Shipment Authorization 

Form from which this Sales Invoice was prepared. An entry 

must be made under the extension code column when the 

company can not fill out all the ordered products. The BO 

(Back Ordered) code means that the corresponding order will 

be shipped as soon as it becomes available. The DS 

(DiScontinued) code means that the product is discontinued 

and hence will never be shipped. 

Three copies of the Sales Invoice is prepared. 

Figure 90 shows these copies and their destinations. 

Every day the accounting department prepares the 

Sales Journal for that day. Figure 91 is a page of this 

journal. The journal shows today's date (the day for which 

journal is prepared), invoice number, customer's name (sold 

to), amount, sales tax, and total. The totals for the day 

as well as a moving total for the month-to-date is computed 

and shown at the bottom of the journal. 

Samples of each filled-out form are represented in 

Figures 92 through 95. Hierarchical abstraction of these 

forms are depicted in Figures 96 through 99. Figures 101 

through 107 are the schemas of these forms along with their 

form field flows. 



SALES ORDER 

TODAY'S DATE ----------

BILL TO 

SALES ORDER 
NUMBER 

180 

153 

SHIP TO 

NAME I--------~---------- NAME -------------------1 
ADDRESS ADDRESS 

-------------------1 

CUSTOMER --------------------
ORDER # 

ORDER ---------
DATE 

PRODUCT NAME PRICE/UNIT QUANTITY 

TOTAL BEFORE TAX -----------) 
TAX ( %) -----------) 

TOTAL -----------) 

CUSTOMER TYPE 
RETAIL 

1--1 
1--1 INSTITUTIONAL 

AMOUNT 

WHOLESALE 

INDIVIDUAL 

------------------------------------------------------------

SALESMAN 

------------------------------------------------------------

Figure 86. Sales Order Form 



SHIPMENT AUTHORIZATION 

DATE OF ---------- INVOICE -----
AUTHORIZATION NO 580 

SHIP TO: 

NAME 

ADDRESS 

CUSTOMER 
ORDER # 

SALES ORDER 

PRODUCT-NO 

----- SHIPPING ----
POINT 

WAREHOUSE 

LOCATION BIN-NO QUANTITY 

TOTAL------------------------------------) 

WEIGHT 

AUTHORIZED ---------------
BY 

CARRIER -------------1 
-------------1 

Figure 87. Shipment Authorization Form 
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COPIES 

1. Packing list 

2. Shipping order 

3. Checking 

4. Original Bill of 
Lading 

5. Memo Bill of Lading 

DESTINATION 

with merchandise shipped to 
customer 

To the carrier 

To the invoicing area after 
shipment is made 

To the traffic department 
after verification by checker 
and signature by carrier 

Signed by carrier and sent to 
invoicing area for forwarding 
to customer with invoice 

6. Invoice preparation Credit department for last 
minute check 

Figure 88. Copies of Shipment Authorization Form 
and Their Destination 
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SALES INVOICE 

BILL TO SHIP TO : 

NAME ------------------ NAME -------------------1 
ADDRESS 

CUSTOMER 
ORDER NO 

INVOICE 
NUMBER 

------------------ ADDRESS 

-------------------1 
-------------------

INVOICE DATE 

SHIPPING 
DATE 

1----------1 
----------

----------1 
----------1 

PRODUCT-NAME PRICE/UNIT 
EXTENSION 

QUANTITY CODE * AMOUNT 

TOTAL BEFORE TAX -----------> 
TAX ( %) -----------> 

TOTAL -----------> 

*EXTENSION CODES: BO - BACK ORDER, DS - DISCONTINUED 

Figure 89. Sales Invoice 



COPIES 

1. Original 

2. Accounting 

3. Salesman copy 

DESTINATION 

Customer (along with #5 from 
Figure 88) 

Accounting department 

Salesman 

Figure 90. Copies of Sales Invoice 
and Their Destination 
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SALES JOURNAL 

1
----------1 Today's date 
----------

1 ________ 1 

Page# 
--------

SALES 
DATE INVOICE # SOLD TO AMOUNT TAX TOTAL 

IIIIIII YESTERDAY'S MONTH-TO-DATE 

111111111111111111 TODAY'S TOTAL 

111111111 NEW MONTH-TO-DATE TOTAL 

Figure 91. Sales Journal 



SALES ORDER 

TODAY'S DATE ----------
12-11-83 

SALES ORDER 
NUMBER 

BILL TO 

NAME 

ADDRESS 

CUSTOMER 
ORDER # 

1
_------------------

ABC Headquarters 

I ---~---------------Maln Street 

1 

Houston, TX 70000 
.-------------------

NAME 

ADDRESS 

ORDER 
DATE 

PRODUCT NAME PRICE/UNIT QUANTITY 

NUTS 

BOLTS 

15.00 40 

12.00 25 

TOTAL BEFORE TAX -----------> 
TAX(5%) -----------> 

TOTAL -----------> 

186 

SHIP TO : 

-------------------1 
ABC Store Branch 1 

Any Street 
New York, NY 20000 

-------------------1 

----------1 
12-11-83 I 

----------

AMOUNT 

600.00 

300.00 

900.00 
45.00 

$945.00 

CUSTOMER TYPE ~~I RETAIL I~~I WHOLESALE 

1--

1-- INSTITUTIONAL INDIVIDUAL 

1
--------------------1 SALESMAN Goodsalesman 
--------------------

Figure 92. Sample Sales Order 



SHIPMENT AUTHORIZATION 

DATE OF ---------- INVOICE -----
AUTHORIZATION 12-12-83 NO 580 

SHIP TO: 

NAME ABC Stores Branch 1 

ADDRESS Any Street 
New York, N. Y. 20000 

CUSTOMER 
ORDER # 

SALES ORDER 
NO 

SHIPPING 
POINT 

WAREHOUSE 

-----1 
-:~~-I 

PRODUCT-NO LOCATION BIN-NO QUANTITY WEIGHT 

PI0 TUC 2 18 180 

3 8 80 

P20 TUC 8 10 50 

PHE 4 10 50 

8 5 25 

-------
TOTAL------------------------------------> 385 

AUTHORIZED ---------------- CARRIER -------------
BY Shipping clerk ACME 

Figure 93. Sample Shipment Authorization 
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BILL TO 

NAME 

ADDRESS 

SALES INVOICE 

1------------------ NAME 

/-~~:-~::~~~::::::- ADDRESS 

I 
Main Street 
Houston, TX 70000 

1------------------

188 

SHIP TO : 

-------------------1 
ABC Store Branch 1 

-------------------1 
Any Street 
New York, NY 20000/ 
------------------~ 

CUSTOMER ------------------
ORDER NO 

INVOICE DATE ----------

-:~=:~=~~-I 
INVOICE 
NUMBER 580 

PRODUCT-NAME 

NUTS 

BOLTS 

PRICE/UNIT 

15.00 

12.00 

SHIPPING ----------
DATE 12-12-83 

EXTENSION 
QUANTITY CODE * 

26 
14 BO 

25 

AMOUNT 

390.00 

300.00 

TOTAL BEFORE TAX ---------'--) 
TAX(5%) -----------) 

690.00 
34.50 

TOTAL -----------) $724.50 

*EXTENSION CODES: BO - BACK ORDER, DS - DISCONTINUED 

Figure 94. Sample Sales Invoice 



SALES JOURNAL 

Today's date 12-13-83 

DATE INVOICE # SOLD TO AMOUNT 

12-13-83 580 

12-13-83 581 

12-13-83 582 

ABC Headquarters 690.00 

ALPHA Merchants 300.00 

Any Company 900.00 
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1--------1 Page# 287 

SALES 
TAX 

34.50 

15.00 

45.00 

--------

TOTAL 

724.50 

315.00 

945.00 

IIII YESTERDAY'S MONTH-TO-DATE 47250.80 2362.54 49613.34 

IIIIIIIIIIIIIII TODAY'S TOTAL 1890.00 94.50 1984.50 

IIIIII NEW MONTH-TO-DATE TOTAL 49140.80 2457.04 51597.84 

Figure 95. Sample Sales Journal 



set 

1
-------------
product name 

\--------------

---------------\ 
sales order I 

---------------

1 

sales order 
template 

bag 
---------------\ 

sales order 
instance 

bag bag bag 
----------\--------\ 
quantity I amount I 

---------- --------
price/unit 

Figure 96. Hierarchical Abstraction of the 
Sales Order Form 
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1 
1---------------

shipment auth 
template 

bag 
---------------1 
shipment auth 

instance 

1 -------1--------1-------1 
date ~~~_~~ ship-tor name :~~:=::I~:::::::I::::~::I 

set 
---------1 
product I 

---------

set 
set ----------1 

warehouser _:~:::~~~_I 

set bag bag 
--------1 

bin-no I quantity -~=~~~~-I 

Figure 97. Hierarchical Abstraction of the 
Shipment Authorization Form 
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bag 
1--------

I 
amount 

--------

---------------� 

-:::~:-~~~~~~:-I 

1 
1---------------

sales invoice 
template 

bag 
---------------1 
sales invoice 

instance 

bag set 

quantity -~~~~~~i~~-~~~~-I 
---------~------I 

Figure 98. Hierarchical Abstraction of the 
Sales Invoice 
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1 

sales journal 
template 

1 
1---------------

sales journal 
instance 
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--------1---------1-------------------------1 
todays date -::~:-!-I-:::::::-I-~:~-~~~:~=:~=~~::-:~:~:-I 

bag I bag bag bag 

-~~~~-~~- -~~~~~~- -~~i~~-~~~- -~~~~l-I 
--------- -------- ----------- -------1 

bag set 
1------1-----------
I-~:::-I-~~~~~::-!-

Figure 99. Hierarchical Abstraction of the 
Sales Journal 
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FORM 
FIELD FORM TYPE REL 

FORM FIELD LEVEL NODE CARD CARD CARD ORIG POS 
---------------------------------------------------------
TODAY'S DATE 0 0 1 1 BAG U 1 
SALES ORDER NO 0 0 1 1 SET S 2 
BILL TO (G) 

[BILLTO-NAME 0 0 1 1 BAG U 3 
BILLTO-ADDRESSI 0 0 1 1 BAG V 4 

SHIP TO (G) 
[SHIPTO-NAME 0 0 1 1 BAG U 5 

SHIPTO-ADDRESSI 0 0 1 1 BAG U 6 
CUSTOMER ORDER # 0 0 1 1 BAG U 7 
ORDER DATE 0 0 1 1 BAG U 8 
TOTAL BEFORE TAX 0 0 1 1 BAG C 13 
TAX % 0 0 1 1 BAG S 14 
TAX 0 0 1 1 BAG C 15 
TOTAL 0 0 1 1 BAG C 16 
CUSTOMER TYPE 0 0 1 1 BAG V 17 
SALESPERSON 0 0 1 1 BAG U 18 

PRODUCT NAME 1 0 SET SET BAG U 9 
PRICE/UNIT 1 0 BAG BAG BAG V 10 
QUANTITY 1 0 BAG BAG BAG U 11 
AMOUNT 1 0 BAG BAG BAG C 12 

---------------------------------------------------------

Figure 100. The Schema of the Sales Order Form 

Source Sink 
Form Field Origin ·Form Field 

BILL-TO NAME V BILL-TO ADDRESS 
BILL-TO NAME V CUSTOMER TYPE 
PRODUCT NAME V PRICE/UNIT 

Figure 101. Sales Order Form Field Flow 
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RANGE 
DATA MAX & DEFAULT SEARCH 

FORM FIELD NULL TYPE LEN VALUE VALUE FIELD 
---------------------------------------------------------
TODAY'S DATE N DT Y 
SALES ORDER NUMBER N 5 Y 
BILL TO (G2) 

{BILL TO-NAME N CHV 20 Y 
BILL TO-ADDRESS 1 CHV 30 

SHIP TO (G2) 
{SHIP TO-NAME N CHV 20 Y 

SHIP TO-ADDRESS N CHV 30 
CUSTOMER ORDER NO CHV 15 
ORDER DATE DT 
TOTAL BEFORE TAX $ 8 
TAX RATE R 1.1 
TAX $ 8 
TOTAL $ 8 
CUSTOMER TYPE M 
SALESPERSON N CHV 20 Y 

PRODUCT NAME N CHV 15 Y 
PRICE/UNIT $ 5 
QUANTITY N N 5 1-9999 
AMOUNT $ 8 

Figure 100. Continued. 
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FORM 
FIELD FORM TYPE REL 

FORM FIELD LEVEL NODE CARD CARD CARD ORIG POS 
----------------------------------------------------------

DATE OF AUTHORIZATION 0 0 1 1 BAG U 1 
INVOICE NO 0 0 1 1 SET S 2 
SHIP TO (G) 

{SHIPTO-NAME 0 0 1 1 BAG F 3 
SHIPTO-ADDRESS] 0 0 1 1 BAG F 4 

CUSTOMER ORDER NO 0 0 1 1 BAG F 5 
SALES ORDER NO 0 0 1 1 BAG F 6 
SHIPPING POINT 0 0 1 1 BAG U 7 
TOTAL 0 0 1 1 BAG C 13 
AUTHORIZED BY 0 0 1 1 BAG U 14 
CARRIER 0 0 1 1 BAG U 15 

PRODUCT NO 1 0 SET SET BAG FV 8 
WAREHOUSE (G) 

{LOCATION 2 0 SET BAG BAG U 9 
BIN-NO] 3 0 SET BAG BAG C 10 
QUANTITY 3 0 BAG BAG BAG C 11 
WEIGHT 3 0 BAG BAG BAG C 12 

----------------------------------------------------------

Figure 102. The Schema of the Shipment Authorization Form 

Source Sink 
Form Field Origin 'Form Field 

-------------------------------- ------ -----------------

SALES ORDER · SHIP-TO NAME F SHIP-TO NAME 
SALES ORDER · SHIP-TO ADDRESS F SHIP-TO ADDRESS 
SALES ORDER · CUSTOMER ORDER NO F CUSTOMER ORDER NO 
SALES ORDER · SALES ORDER NUMBER F SALES ORDER NO 
SALES ORDER · PRODUCT NAME FV PRODUCT NO 

Figure 103. Shipment Authorization Form Field Flow 



FORM FIELD 

DATE OF AUTHORIZATION 
INVOICE NO 
SHIP TO (G2) 

{SHIPTO-NAME 
SHIPTO-ADDRESS} 

CUSTOMER ORDER NO 
SALES ORDER NO 
SHIPPING POINT 
TOTAL 
AUTHORIZED BY 
CARRIER 

PRODUCT NO 
WAREHOUSE (G2) 
{LOCATION 

BIN-NO} 
QUANTITY 
WEIGHT 

<1> [PHE,TUCl 

RANGE 
DATA MAX & DEFAULT SEARCH 

NULL TYPE LEN VALUE VALUE FIELD 

N DT Y 
N 5 Y 

CHV 20 Y 
CHV 30 
CHV 15 Y 

N 5 Y 
N CH 3 <1> TUC Y 

N 5 
N CHV 20 Y 
N CHV 20 Y 

N 5 Y 

N CHV 3 <1> TUC 
N 5 
N 5 
R 4.2 

---------------------------------------------------------

Figure 102. Continued. 
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FORM 
FIELD FORM TYPE REL 

FORM FIELD LEVEL NODE CARD CARD CARD ORIG POS 
----------------------------------------------------------

BILL TO (G) 
£BILLTO-NAME 0 0 1 1 BAG F 1 

BILLTO-ADDRESSl 0 0 1 1 BAG F 2 
SHIP TO (G) 

£SHIPTO-NAME 0 0 1 1 BAG F 3 
SHIPTO-ADDRESsl 0 0 1 1 BAG F 4 

CUSTOMER ORDER NO 0 0 1 1 BAG F 5 
INVOICE DATE 0 0 1 1 BAG F 6 
INVOICE NUMBER 0 0 1 1 SET F 7 
SHIPPING DATE 0 0 1 1 BAG F 8 
TOTAL BEFORE TAX 0 0 1 1 BAG C 14 
TAX RATE 0 0 1 1 BAG F 15 
TAX 0 0 1 1 BAG C 16 
TOTAL 0 0 1 1 BAG C 17 

PRODUCT NAME 1 0 SET SET BAG F 9 
PRICE/UNIT 1 0 BAG BAG BAG F 10 

AMOUNT 2 0 BAG BAG BAG C 13 
QUANTITY 2 0 BAG BAG BAG C 11 
EXTENSION CODE 2 0 SET BAG BAG U 12 

----------------------------------------------------------

Figure 104. The Schema of the Sales Invoice 

----------------------------------------------------------
Source Sink 

Form Field Origin Form Field 

BILL-TO NAr1E • SALES ORDER F BILL-TO NAME 
BILL-TO ADDRESS • SALES ORDER F BILL-TO ADDRESS 
SHIP-TO NAME · SHIPMENT F SHIP-TO NAME 
SHIP-TO ADDRESS • SHIPMENT F SHIP-TO ADDRESS 
CUSTOMER ORDER NO • SHIPMENT F CUSTOMER ORDER NO 
DATE OF AUTH • SHIPMENT F INVOICE DATE 
INVOICE NO · SHIPMENT F INVOICE NUMBER 
DATE OF AUTH • SHIPMENT F SHIPPING DATE 
TAX RATE .SALES ORDER F TAX RATE 
PRODUCT NAME .SALES ORDER F PRODUCT NAME 
PRICE/UNIT .SALES ORDER F PRICE/UNIT 

Figure 105. Sales Invoice Form Field flow 



FORM FIELD 

BILL TO (G2) 
[BILLTO-NAME 
BILLTO-ADDRESS] 

SHIP TO (G2) 
[SHIPTO-NAME 

SHIPTO-ADDRESS] 
CUSTOMER ORDER NO 
INVOICE DATE 
INVOICE NUMBER 
SHIPPING DATE 
TOTAL BEFORE TAX 
TAX RATE 
TAX 
TOTAL 

PRODUCT NAME 
PRICE/UNIT 

AMOUNT 
QUANTITY 
EXTENSION CODE 

<1> [BO,DS] 

RANGE 
DATA MAX & DEFAULT SEARCH 

NULL TYPE LEN VALUE VALUE FIELD 

CHV 
CHV 

CHV 
CHV 
CHV 

DT 
N 

DT 
$ 
R 
$ 
$ 

CHV 
$ 
$ 
N 

CH 

20 
30 

20 
30 
15 

5 

8 
1.1 

7 
9 

15 
5 
8 
5 
2 <1> 

Y 

Y 
Y 
Y 

Y 

Figure 104. Continued 
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FORM 
FIELD FORM TYPE REL 

FORM FIELD LEVEL NODE CARD CARD CARD ORIG POS 

TODAY'S DATE 0 
PAGE # 0 
YESTERDAY'S MO-TO-DATE 0 
TODAY'S TOTAL 0 
NEW MO-TO-DATE TOTAL 0 

DATE 1 
INVOICE # 1 
SOLD TO 1 
AMOUNT 
SALES TAX 
TOTAL 

1 
1 
1 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

1 1 BAG 
1 1 SET 
1 1 BAG 
1 1 BAG 
1 1 BAG 

BAG BAG BAG 
SET SET SET 
BAG BAG BAG 
BAG BAG BAG 
BAG BAG BAG 
BAG BAG BAG 

Figure 106. The Schema of the Sales Journal 

U 
S 
C 
C 
C 
F 
F 
F 
F 
F 
F 

Source Sink 
Form Field Origin Form Field 

1 
2 
9 

10 
11 

3 
4 
5 
6 
7 
8 
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-------------------------------- ------ -----------------

INVOICE DATE • SALES INVOICE F DATE 
INVOICE NUMBER · SALES INVOICE F INVOICE # 
BILL-TO NAME · SALES INVOICE F SOLD TO 
AMOUNT • SALES INVOICE F AMOUNT 
TAX • SALES INVOICE F SALES TAX 
TOTAL · SALES INVOICE F TOTAL 

Figure 107. Sales Journal Form Field Flow 



FORM FIELD 

TODAY'S DATE 
PAGE # 

RANGE 
DATA MAX & DEFAULT SEARCH 

NULL TYPE LEN VALUE VALUE FIELD 

N DT Y 
N 4 1-9999 Y 

YESTERDAY'S MO-TO-DATE $ 10 
TODAY'S TOTAL $ 8 
NEW MO-TO-DATE TOTAL $ 10 Y 

DATE DT 
INVOICE # N 5 Y 
SOLD TO CHV 20 Y 
AMOUNT $ 8 
SALES TAX $ 6 
TOTAL $ 10 

Figure 106. Continued 
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APPENDIX B 

COMPONENTS OF RULES 

In this appendix the rules which map from the form 

schema to a data schema are listed. In order to facilitate 

understanding of the rules, their components a~e listed 

first. Sections B.l through B.4 are, respectively, the 

lists of variables, predicates, actions, and rules. In 

Section 8.5 som~ of the rules whose understanding is more 

difficult than others are graphically illustrated. 
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B.l. List of Variables 

E An entity. 

EL An entity list. 

F A form. 

FF A form field. 

L A level of the hierarchy of a form. 

N A node within the form. 

PF List of previously analyzed forms. 

OF List of qualifying forms ( a temporary list). 

R A relationship. 

ROL The role name of an entity in a relationship. 

RF List of remaining forms ( not analyzed yet). 

RFF List of remaining form fields to be analyzed. 

RFFP List of remainin9 form fields from previously 
analyzed forms which were not analyzed. 

PE List of previous identified entities. 
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B.2. List of Predicates 

ATTRIBUTE OF E (FF, E) 

Returns true if FF is an attribute of E. 

Returns true if FF is an attribute of R. 

CANDIDATE_KEY (FF, E) 

Returns true if FF is a candidate key of E. 

CLOSE (FF, ELI, EL2) 

Returns true if the form field FF is close to at least 
one entity in list EL2 which is a subset of list ELI. 
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Returns true if there is at least one destination field 
in the list of remaining forms (RF) whose source is from 
a field in a form in the list of previously analyzed 
forms (PF). 

DETERMINES (FF2, FFI) 

Form field FF2 functionally determines form field FFI. 

FIELD CARD (FF, 'CARD') 

Returns true if the field cardinality of the form field 
FF is CARD. 

FORM_CARD (FF, 'CARD') 

Returns true if the form cardinality of the form field 
FF is CARD. 



Returns true if the form type cardinality of the form 
field FF is CARD. 

HAS_SUBSTRING (FF, 'SUB') 

Returns true if the form field name of FF contains 
substring SUB. 

Returns true if FF is a form field in form F. 

INLIST (FF, LIST_FF) 

Returns true if form field FF is in the list of form 
fields LIST FF. 

IS FORM TO ANALYZE (F) 

Returns true if F is the current form. 

ORIGIN (1"1", I ORIG' ) 
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Returns true if the origin of the form field FF is ORIG. 

LARGEST NUMBER F FV_FIELDS (PF, RF, QF) 

Returns true if each member in the list OF contains 
largest number of 'F' and 'FV' fields whose sources are 
from fields in the form list PF. QF is a subset of RF. 

Returns true if form F has the largest number of 'V' 
type fields in the list of forms in QF. 

LEVEL (FF, L) 

Returns true if form field FF is at level L. 



LEVELS_RELATED (LI, L2) 

Returns true if at least one entity in levels Ll has a 
relationship to at least one entity in level L2. 

MAX_CARD (El, R, 'mc') 

Returns true if entity El's max cardinality in 
relationship R is mc. 

MIN_CARD (El, R, 'mc') 

Returns true if entity El's min cardinality in 
relationship R is mc. 

NODE (FF, L, N) 

Returns true if FF is at node N of level L. 

NODE_KEY (FF, L, N) 

Returns true if FF is the key for node N of level L. 

NULL_ALLOWED (FF) 

Returns true if null values are allowed for FF. 
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Returns true if form fields FFl and FF2 are on the same 
form. 

Returns true if there is a relationship R from E at 
level L to at least one other entity (at any level). 

RELATIONSHIP_BETWEEN (El, E2, R) 

Returns true if entities El and E2 are related by 
relationship R. 



REPRESENT_ENTITY (FF, E) 

Returns true if FF represents an entity. 

ROLE_NAME (E, R, ROL) 

Returns true if the role name for entity E in 
relationship R is ROL. 

SAME_NODE (FF, EL) 
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Returns true if form field FF is on the same node as the 
entities in list EL. 

SAME_ROLE_NAME (E, RI, ROLl, R2, ROL2) 

Returns true if entity E has the same role name in 
relationships RI and R2. The rolename in RI is ROLl and 
in R2 is ROL2. 

SMALLEST_NUMBER_F_FV_FIELDS (RF, QF) 

Returns true if QF is a list of form fields so that 
each of its members have the lowest number of 'F' and 
'FV' fields. This number is the same for all members of 
the QF. QF is a (not necessarily proper) subset of list 
of forms (RF). 

SOURCE (FFI, FF2) 

Returns true if FFI is the source of FF2.· 

SUBFIELD_OF (FFl, FF2) 

Returns true if FF2 is a group field and FFI is one of 
its subfields. 



B.3. List of Actions 

ADD (LISTMBMBER, LIST) 

Adds LISTMEMBER to the tail of LIST. Returns FALSE if 
LISTMBMBER is already a member of LIST. 

ASSERT (PREDICATE) 

Adds the necessary facts to the database to make the 
PREDICATE true. 

CHANGE_ROLE_NAMES (E, RI, ROLl, R2, ROL2) 
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Prompts the user to change one or both role names 
(ROLl, ROL2) because they are equivalent. Returns true 
if all parameters are supplied by user. 

DELETE (LISTMEMBER, LIST) 

Deletes LIST~1EMBER from LIST. Returns FALSE if 
LISTMBMBBR is not a member of LIST. 

BRROR I (FFI, FF2, 'CAN NOT BE ATTRIBUTES OF THE SAME 
ENTITY', E) 

Prompts the user with the above error message. 

ERROR 2 (FF, 'CAN NOT BE AN ATTRIBUTE OF " R, 'BECAUSE', 
R, 'DOES NOT RELATE AN ENTITY IN THE LEVEL OF FF') 

Prompts the user with the above error message. 

ESTABLISH RELATIONSHIP (El, E2, R, ROLl, ROL2) 

Prompts the user to establish a relationship between 
entities El and E2. Returns true if user supplies all 
parameters. 
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MAY_REPRESENT_ENTITY (FF, E) 

Asks the user if form field FF represents an entity. 
Returns true if the user supplies entity name E which is 
represented by FF. 

MAYBE_ATTACH (FF, EL, E) 

Prompts the designer about attaching form field FF to any 
of the entities in the list EL. Returns true if the user 
specifies that FF must be attached to E. 

RELATE_tEVELS (Ll, L2, R, El, ROLl, E2, ROL2) 

Prompts the designer to relate an entity on level Ll to 
an entity on level L2. Returns true if the user 
specifies that El is related to E2 by relationship R and 
rolename of El in R is ROLl and rolename of E2 in R is 
ROL2. 

RETRACT {PREDICATE) 

Deletes the necessary facts from the design database to 
make the predicate true. 
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B.4. List of Rules 

In the following pages the rules are listed by their 

categories as was discussed in Chapters five and six. They 

are: Form Selection Rules, Entity Identification Rules, 

Attribute Attachment Rules, Relationship Identification 

Rules, Cardinality Identification Rules, Mapping Constraint 

Rules, ERD Integrity constraint Rules, and Miscellaneous 

Rules. 



Form Selection Rules 

1. 

2. 

3. 

IF NOT (DEST FIELDS IN RF (PF, RF) AND 
SMALLEST NUMBER F FV FIELDS (RF, OF) AND 
LARGEST_NUMBER_V_FIELDS (OF, F) 

THEN 
ASSERT (IS FORM TO ANALYZE (F» 
DELETE (F,-RF) 

IF DEST FIELDS IN PF (PF, RF) AND 
LARGEST NUMBER-F FV FIELDS (PF, RF, OF) AND 
LARGEST-NUMBER-V-FIELDS (OF, F) 

THEN - - -
ASSERT (IS FORM TO ANALYZE (F» 
DELETE (F,-RF) 

IF INLIST (FFl, RFFP) 
SOURCE (FF2, FFl) 
IS FORM TO ANALYZE 
IN=FORM-(FF2, F) 

AND 
AND 

(F) AND 

THEN 
ADD (FFl, RFF) 
DELETE (FFl,RFFP) 
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Entity Identification Rules 

1. 
IF INLIST (FF, RFF) AND 

(FIELD CARD (FF, 'SET') OR 
FORM CARD (FF, 'SET') OR 
FORM-TYPE CARD (FF, 'SET') AND 

(ORIGIN (FF, 'U') OR 
ORIGIN (FF, 'S') OR 
ORIGIN (FF, 'C') 

THEN 
MAY REPRESENT ENTITY (FF, E) 

2. 
IF INLIST (FF, RFF) AND 

(HAS SUBSTRING (FF, 'NAME') OR 
HAS-SUBSTRING (FF, '#') OR 
HAS-SUBSTRING (FF, 'NO') OR 
HAS-SUBSTRING (FF, 'NUMBER') ) AND 

(ORIGIN (FF, 'U') OR 
ORIGIN (FF, 'S') OR 
ORIGIN (FF, 'C') 

THEN 
MAY REPRESENT ENTITY (FF, E) 

3. 
IF INLIST (FF, RFF) AND 

SUBFIELD OF (FF1, FF) AND 
(ORIGIN (FF, 'U') OR 
ORIGIN (FF, 'S') OR 
ORIGIN (FF, ' C' ) 

THEN 
MAY_REPRESENT_ENTITY (FF, E) 

4. 
IF MAY REPRESENT ENTITY (FF, E) 
THEN 

ADD (E, PE) 
ASSERT (CANDIDATE KEY (E, FF» 
ASSERT (ATTRIBUTE-OF E (FF, E» 
DELETE (FF, RFF) - -
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Attribute Attachment Rules 

l. 
IF INLIST (FF1, RFF) AND 

ORIGIN (FF1, 'F') AND 
SOURCE (FF2, FFl) AND 
(ATTRIBUTE OF E (FF2, E) OR 
ATTRIBUTE-OF-R (FF2, R) 

THEN - -
DELETE (FF1, RFF) 

2. 
IF IN LIST (FFl, RFF) 

ATTRIBUTE OF E (FF2, E) 
SOURCE (FF2,-FFl) 
(ORIGIN (FF1, 'V' ) OR 
ORIGIN (FFl, ' FV' ) 

THEN 
MAYBE ATTACH (FF1, E, E) 

3. 
IF INLIST (FF1, RFF) 

ATTRIBUTE OF R (FF2, R) 
SOURCE (FF2,-FFl) 
(ORIGIN (FF1, ' V' ) OR 
ORIGIN (FF1, ' FV' ) 

THEN 
MAYBE_ATTACH (FFl, R, R) 

4. 
IF INLIST (FF, RFF) AND 

SAME NODE (FF, ELl) AND 
CLOSE (FF, ELl, EL2) 

THEN 
MAYBE ATTACH (FF, EL2, E) 

5. 
IF MAYBE_ATTACH (FF, EL, E) 
THEN 

AND 
AND 
AND 

AND 
AND 
AND 

ASSERT (ATTRIBUTE OF E (FF, E)) 
DELETE (FF, RFF) 

6. 
IF ATTRIBUTE OF E (FF1, E) AND 

CANDIDATE-KEY (FF2, E) 
THEN -

ASSERT (DETERMINES (FF2, FF1)) 
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Relationship Identification Rules 

1. 
IF ATTRIBUTE OF E (FFl, El) AND 

FORM TYPE-CARD (FFl, 'SET') AND 
SOURCE (FFl, FF2) AND 
ORIGIN (FF2, 'F') AND 
ATTRIBUTE OF E (FF3, E2) AND 
FORM TYPE-CARD (FF3, 'SET') AND 
ON SAME FORM (FF2, FF3) 

THEN - -
ESTABLISH RELATIONSHIP (EI, E2, R, ROLl, ROL2) 

2. 
IF ESTABLISH_RELATIONSHIP (EI, E2, R, ROLl, ROL2) 
THEN 

3. 

ASSERT (RELATIONSHIP BETWEEN (El, E2, R» 
ASSERT (ROLE NAME (EI, R, ROLl» 
ASSERT (ROLE=NAME (E2, R, ROL2» 

IF NOT (LEVELS RELATED (Li, Lj» AND 
NOT (EQUAL Ti, j» 

THEN 
MAY RELATE LEVELS (Li, Lj, R, El, ROLl, E2, ROL2) 

4 • 
IF MAY RELATE LEVELS (Li, Lj, R, EI, ROLl, E2, ROL2) 
THEN - -

5. 

ASSERT (RELATIONSHIP BETWEEN (El, E2, R» 
ASSERT (ROLE NAME (EI, R, ROLl» 
ASSERT (ROLE=NAME (E2, R, ROL2» 

IF ATTRIBUTE OF E (FFI, 
FORM TYPE-CARD (FFl, 
CANDIDATE-KEY (NULL, 
SOURCE (FFl, FF2) 

EI) AND 
'SET') AND 
E2) AND 

AND 
ORIGIN (FF2, 'F') 
ATTRBUTE OF E2 (FF3, E2) 
ON SAME FORM (FF2, FF3) 

THEN - -

AND 
AND 

ESTABLISH RELATIONSHIP (EI, E2, R, ROLl, ROL2) 
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Cardinality Identification Rules 

1. 
IF ATTRIBUTE OF E (FFl, El) AND 

NODE KEY (FFl, Li, N) AND 
ATTRIBUTE OF E (FF2, E2) AND 

AND 
AND 

LEVEL (FF2, Lj) 
GREATER THAN (j, i) 
RELATIONSHIP BETWEEN 

THEN 
(El, E2, R) 

ASSERT (MAX_CARD (El, R, 'm'» 

2. 
IF NODE KEY (FFl, L, N) 

NODE-(FF2, L, N) 
ATTRIBUTE OF E (FFl, 
ATTRIBUTE-OF-E (FF2, 
RELATIONSHIP-BETWEEN 

THEN 

AND 
AND 

E1) AND 
E2) A.ND 
(El, E2, Rl) 

ASSERT (MAX_CARD (El, Rl, '1'» 

3. 
IF RELATIONSHIP BETWEEN (El, E2, Rl) AND 

NODE (FF2, L~ N) AND 
NODE (FF3, L, N) AND 
ATTRIBUTE OF E (FF2, E2) AND 
ATTRIBUTE-OF-E (FF3, E3) AND 
RELATIONSHIP-BETWEEN (E2, E3, R2) AND 
MAX CARD (El~ RI, '1') 

THEN -
ASSERT (MAX_CARD (E2, R2, '1'» 

4. 
IF SOURCE (FFI, FF2) 

(ORIGIN (FF2, 'V') OR 
ORIGIN (FF2~ 'FV') ) 

ATTRIBUTE OF E (FFI, El) 
ATTRIBUTE-OF-E (FF2, E2) 
RELATIONSHIP-BETWEEN (El, 

THEN 
ASSERT (MAX_CARD (El, RI, 

5. 
IF SOURCE (FFl, FF3) 

(ORIGIN (FF3, 'V') OR 
ORIGIN (FF3, 'FV') ) 

ATTRIBUTE_OF _E (FFl, E1) 

AND 

AND 
AND 
AND 
E2, Rl) 

, 1 ' ) ) 

AND 

AND 
·AND 
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ATTRIBUTE OF E (FF3, E3) AND 
RELATIONSHIP-BETWEEN (E1, E2, R1) AND 
RELATIONSHIP-BETWEEN (E2, E3, R2) AND 
MAX CARD (E1~ R1, 'I') 

THEN -
ASSERT (MAX_CARD (E2, R2, 'I'» 

6. 
IF ATTRIBUTE OF E (FF1, E1) 

NODE KEY (FFT, L, N) 
CANDIDATE KEY (FF2, E2) 
NODE (FF2-; L, N) 
NOT (NULL ALLOWED (FF2» 
RELATIONSHIP BETWEEN (E1, 

THEN -

AND 
AND 
AND 
AND 
AND 

E2, R) 

ASSERT (MIN_CARD (E1, R, '1'» 

7. 
IF ATTRIBUTE OF E (FF1, E1) 

NODE KEY (FFT, L, N) 
CANDIDATE KEY (FF2, E2) 
NODE (FF2-; L, N) 
NULL ALLOWED (FF2) 
RELATIONSHIP BETWEEN (E1, 

THEN -
ASSERT (MIN_CARD (E1, R, 

8. 
IF ATTRIBUTE OF E (FF1, E1) 

NODE KEY (FFl, L, N1) 
NODE-KEY (FF2, L, N2) 
CANDIDATE KEY (FF2, E2) 
NOT (NULL-ALLOWED (FF2» 
REL~~IONSHIP BETWEEN (E1, 

THEN -
ASSERT (MIN_CARD (E1, R, 

9. 

AND 
AND 
AND 
AND 
AND 

E2, R) 

, 0' ) ) 

AND 
AND 
AND 
AND 
AND 

E2, R) 

, I' ) ) 

IF CANDIDATE KEY (NULL, E1) AND 
RELATIONSHIP BETWEEN (E1, E2, R) 

THEN -
ASSERT (MIN CARD (E1, R, '1'» 
ASSERT (MAX=CARD (E1, R, '1'» 
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Mapping Constraint Rules 

Note: The first two rules are identical to rues 3 and 4 of 
Relationship Identification Rules. 

1. 
IF NOT (LEVELS RELATED (Li, Lj» AND 

NOT (EQUAL Ti, j» 
THEN 

MAY RELATE LEVELS (Li, Lj, R, EI, ROLl, E2, ROL2) 

2. 
IF MAY RELATE LEVELS (Li, Lj, R, El, ROLl, E2, ROL2) 
THEN - -

3. 

ASSERT (RELATIONSHIP BETWEEN (El, E2, R» 
ASSERT (ROLE NAME (El, R, ROLl» 
ASSERT (ROLE=NAME (E2, R, ROL2» 

IF INLIST (FFl, RFF) 
SOURCE (FF2, FFl) 
(ORIGIN (FFl, 'F') OR 

AND 
AND 

ORIGIN (FFl, 'FV') 
NOT (ATTRIBUTE OF E 
NOT (ATTRIBUTE-OF-R 
IN FORM (FF2, F) -
INLIST (F, RF) 

THEN 
ADD (FFl, RFFP) 
DELETE (FFl, RFF) 

) AND 
( FF 1, E» AND 
(FFl, R» AND 

AND 



ERD Integrity Constraint Rules 

l. 
IF ROLE NAME (E, Rl, ROLl) AND 

ROLE-NAME (E, R2, ROLl) 
THEN -

PROMPT CHANGE ROLE NAME (E, Rl, ROL2, R2, ROL3) 
ASSERT (ROLE NAME (E, Rl, ROL2)) 
ASSERT (ROLE:NAME (E, R2, ROL3)) 

2. 
IF ATTRIBUTE OF E (FFl, E) 

LEVEL (FFI, L1) 
ATTRIBUTE OF E (FF2, E) 
LEVEL (FF2, L2) 
ON SAME FORM ( FFI, FF2) 
NOT (EQUAL (FFl, FF2) 
NOT (EQUAL (LI, L2)) 

THEN 

AND 
AND 
AND 
AND 
AND 
AND 

ERROR 1 (FFl, FF2, 'CAN NOT BE ATTRIBUTES OF THE SAME 
ENTITY', E) 

3. 
IF ATTRIBUTE OF R (FF, R) AND 

LEVEL (FF~ LT AND 
NOT (REL ENT LEVEL (R, E, L)) AND 

THEN --
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ERROR 2 (FF, 'CAN NOT BE AN ATTRIBUTE OF " R, 'BECAUSE', 
R, 'DOES NOT RELATE AN ENTITY IN THE LEVEL OF FF') 

Miscellaneous Rules 

1. 
IF (FORM TYPE CARD (FF, 'SET') OR 

FORM-CARD-(FF, 'SET') OR 
FIELD CARD (FF, 'SET') AND 

NODE (FF, L, N) AND 
LEVEL (FF, L) 

THEN 
ASSERT (NODE_KEY (FF, L, N) 



B-5. Illustration of Rules 

In the following pages some of the more difficult 

rules are graphically illustrated to facilitate their 

understanding. 
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Form i Form j 

'F' 

OR 

Form i Form j 

, F' 

-----> FFI 

.FF2 is already analyzed ( it is attribute of E or R ); 

.FF2 is the source of FFl; 

.Origin type of FFI is 'F'; 

.Then delete FFl. 

Figure 108. Rule 1 of Attribute Attachment Rules 
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-------·-1 

---~----I 
'v' or 'FV' 

FF2 ---------------------------------> FF1 

V Concludes 

E 

FF2 FFI 

.Rule 3 is the same as above but E is replaced by R. 

Figure 109. Rules 2 and 3 of Attribute Attachment Rules 



Form i 

1----------1 

I----~:----I 
'F' 

FFI -------- -------------

1------------1 
1-----::-----1------

Form j 

----------1 E2 
----------1 

FF3 

------------1 E2 
------------1 

.FFI and FF3 both have set valued form type cardinality 
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Figure 110. Rule 1 of Relationship Identification Rules 



I----;~----I 
1----------1 

1----------1 

I----~~----I 

FFI FF2 

may be 

1------------
l EI 
------------

E2 

.FFI is at level Li .FF2 is at level Lj 
• i is not equal to j 

.Then there is a good chance that there is a relationship 
between El and E2 
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Figure Ill. Rule 3 of Relationship Identification Rules 



Form i 

1----------1 

I----~:----I 
'F' 

El 

" .. 

Form j 

1----------1 

I----~:----I 

FF3 

E2 

.FFl has a set valued form type cardinality; 

.E2 does not have a candidate key. 

224 

Figure 112. Rule 5 of Relationship Identification Rules 
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------------ ( :m) 1------------1 
El ------

------I-----~~-----I 

FFI FF2 

.FFI is a node key at level Li .FF2 is at level Lj>Li 

Figure 113. Rule 1 of Cardinality Identification Rules 



------------ ( :1) 
E1 

FF1 

.FF1 is at level L node N 

.FF1 is the node key 
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E2 

FF2 

.FF2 is at level L node N 

------------------------------------------------------------
Figure 114. Rule 2 of Cardinality Identification Rules 

( : 1) 
El 

FF1 

.FFl is at level L node N 

.FFI is the node key 

E2 ----FF2 

( : 1) conclude 

E3 ---FF3 

.FF2 is at level L node N 

.FF3 is at level L node N 

Figure 115. Rule 3 of Cardinality Identification Rules 



1

------------1 ( : 1 ) 
El 1-------

1------------1 
1------------1 

-------I-----~~-----I 
'v' or 'FV' 

FFI -------------------------------------) FF2 

Figure 116. Rule 4 of Cardinality Identification Rules 

1------------1 ( : 1) 

227 

I-----~:-----I------ E2 ----FF2 

I( :1) conclude 

'V' or 'FV' ------------
FFl ----------------------) FF3----- E3 

Figure 117. Rule 5 of Cardinality Identification Rules 



------------ (1: ) 
El 

FFI 

.FFI is at level L node N 

.FFl is the node key 
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E2 

FF2 

.FF2 is at level L node N 

.FF2 is candidate key 

.FF2 may not have null 
value 

Figure 118. Rule 6 of Cardinality Identification Rules 

------------ (0: ) 
El 

FFl 

.FFI is at level L node N 

.FFI is the node key 

E2 

FF2 

.FF2 is at level L node N 

.FF2 is candidate key 

.FF2 may have null value 

Figure 119. Rule 7 of Cardinality Identification Rules 



1

------------1(1: ) 
El 1------

1------------1 

FFl 

.FFl is at level L node 

.FFl is the node key 
N 
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1------------1 -------1 E2 1 ------------

FF2 

.FF2 is at level L node N2 

.FF2 is the node key 

.FF2 is the candidate key 

.FF2 may not have null 
values 

Figure 120. Rule 8 of Cardinality Identification Rules 

------------ (1:1) 
El E2 

.El has no candidate key 

Figure 121. Rule 9 of Cardinality Identification Rules 



APPENDIX C 

APPLICATION OF THE RULES TO THE CASE 

In this appen~ix we will demonstrate the application 

of the rules to the previously describe~ case. Tables 5 

throuqh 8 are summaries of the rules which were used to 

construct the integrated FoRD of the Sales Or~er, Shipment 

Authorization, Sales Invoice, an~ Sales Journal Forms, 

respectively. Table 9 is the summary of the rules which 

were used to derive the min-max cardinalities for the ERn. 

Figures 122 is the ERD for the Sales Order Form. The 

integration of the ERD of the Shipment Authorization into 

the that of the Sales Order Form is depicted in Figure 123. 

Figure 124 is the integrated ERD of all the forms. In all 

of the tables of this appendix, "exc" stands for the word 

"exception" which means that none of the rules were 

applicable to draw the conclusion. It is ohvious that in 

this case the designer makes the conclusion directly and 

without the aid from the system. 
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Table 5. Summary of the Rules Used to Construct the 
ERD of the Sales Order Form 

Initial Entity Identification Rules for Sales Order 

Form Field 

SALES ORDER NO 
BILLTO-NAME '" 
SHIPTO-NAME 
PRODUCT NAME 

Entities 

ORDER 
CUSTOMER 
SHIP TO 
PRODUCT 

Attachment Rules for Sales Order 

Rules 
--------

1 or 2 
2 or 3 

-2 or 3 
1 or 2 

Form Field Entities Relationships 

SALE'S DATE 
BILLTO-ADDRESS 
SHIPTO-ADDRESS 
CUSTOMER ORDER # 
ORDER DATE 
TOTAL BEFORE TAX 
TAX % 
TAX 
TOTAL 
CUSTOMER TYPE 
SALESPERSON 
PRICE/UNIT 
QUANTITY 
AMOUNT 

ORDER 
CUSTOMER 
SHIP TO 
ORDER 
ORDER 
ORDER 
TAXTABLE 
ORDER 
ORDER 
CUSTOMER 
SALESPERSON 
PRODUCT 

CONTAINS 
CONTAINS 

Relationship Identification Rules for Sales Order 

Relationships Rules 
------------- -----

T-O exc 
PREPARES exc 
HAS exc 
SHIPPED TO exc 
CONTAINS 3,4 

Rules 

3 
2 
3 

exc 
3 

exc 
exc 

3 
3 
2 

exc 
2 

exc 
exc 
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Table 6. Summary of the Rules Used to Construct the 
ERD of the Shipment Authorization Form 

Initial Entity Identification Rules for Shipment 

Form Field Entities Rules 
---------- ------------- --------

INVOICE NO SHIPMENT 1 or 2 
AUTHORIZED BY CLERK exc 
LOCATION WAREHOUSE 3 
CARRIER CARRIER exc 
BIN-NO BIN 1 

Attachment Rules for Shipment 
------------------------------

Form Field Entities Relationships Rules 
---------- ------------- ------------- --------

AUTHORIZATION DATE SHIPMENT 
SHIPTO-NAME SHIP TO 
SHIPTO-ADDRESS SHIP TO 
CUSTOMER ORDER NO ORDER 
SALES ORDER NO ORDER 
SHIPPING POINT SHIPMENT 
TOTAL SHIPMENT 
PRODUCT NO PRODUCT 
QUANTITY INCLUDES 
WEIGHT INCLUDES 

Relationship Identification Rules for Shipment 

Relationships 

FILLED BY 
W-HAS 
INCLUDES 
AUTH BY 
CARRIED BY 
CONTAINED IN 

Rules 

1,2 
3,4 
3,4 
exc 
exc 
3,4 

exc 
1 
1 
1 
1 
4 
4 
2 

exc 
exc 
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Table 7. Summary of the Rules Used to Construct the 
ERD of the Sales Invoice Form 

Initial Entity Identification Rules for Sal~s Invoice 

Form Field Entities Rules 

TOTAL BEFORE TAX SALES INVOICE exc 

Attachment Rules for Sales Invoice 

Form Field 

BILLTO-NAME 
BILLTO-ADDRESS 
SHIPTO-NAME 
SHIPTO-ADDRESS 
CUSTOMER ORDER NO 
INVOICE DATE'· 
INVOICE NUMBER 
SHIPPING DATE 
TAX RATE 
PRODUCT NAME 
PRICE/UNIT 
TAX 
TOTAL 
AMOUNT 
QUANTITY 
EXTENSION CODE 

Entities 

CUSTOMER 
CUSTOMER 
SHIP TO 
SHIP TO 
ORDER 
SHIPMENT 
SHIPMENT 
SHIPMENT 
TAXTABLE 
PRODUCT 
PRODUCT 
SALES INVOICE 
SALES INVOICE 

Relationships 

SI-PR 
INCLUDES 
SI-PR 

Rules 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
4 

exc 
1 

exc 

Relationship Identification Rules for Sales Invoice 

Relationships 

SH-SI 
SI-PR 

Rules 

5 
3,4 
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Table 8. Summary of the Rules Used to Construct the 
ERD of the Sales Journal Form 
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------------------~-----------------------------------------

Initial Entity Identification Rules for Sales Journal 
-----------------------------------------------------
Form Field Entities Rules 

PAGE # SALES JOURNAL 1 or 2 

Attachment Rules for Sales Journal 

Form Field 

TODAY'S DATE 
YESTERDAY'S •••. 
TODAY'S TOTAL 
NEW MO-TO-DATE .• 
DATE 
INVOICE # 
SOLD TO 
AMOUNT 
SALES TAX 
TOTAL 

Entities Relationships Rules 

SALES JOURNAL 4 
SALES JOURNAL 4 
SALES JOURNAL 4 
SALES JOURNAL 4 
SHIPMENT 1 
SHIPMENT 1 
CUSTOMER 1 

SI-PR 1 
SALES INVOICE 1 
SALES INVOICE 1 

Relationship Identification Rules for Sales Journal 

Relationships Rules 

SJ-SI 3,4 



Table 9. Summary of the Rules Used to Derive the 
Min-Max Cardinalities 

Entity Relationship 

TAXTABLE T-O 
ORDER T-O 

SALESPERSON PREPARES 
ORDER PREPARES 

SHIP TO SHIPPED TO 
ORDER SHIPPED TO 

PRODUCT CONTAINS 
ORDER CONTAINS 

ORDER FILLED BY 
SHIPMENT FILLED BY 

CLERK AUTH BY 
SHIPMENT AUTH BY 

SHIPMENT CARRIED BY 
CARRIER CARRIED BY 

SHIPMENT INCLUDES 
BIN INCLUDES 

WAREHOUSE W-HAS 
BIN W-HAS 

PRODUCT CONTAINED IN 
BIN CONTAINED IN 

PRODUCT SI-PR 
INVOICE SI-PR 

INVOICE SH-SI 
SHIPMENT SH-SI 

INVOICE SJ-SI 
JOURNAL SJ-SI 

Min 
Card 

1 
1 

o 
1 

o 
1 

o 
1 

1 
1 

o 
1 

1 
o 

1 
o 

1 
1 

1 
1 

o 
1 

1 
1 

1 
1 

Rule 

exc 
6 

exc 
6 

exc 
6 

exc 
exc 

exc 
exc 

exc 
6 

6 
exc 

exc 
exc 

exc 
exc 

exc 
exc 

exc 
exc 

9 
exc 

exc 
exc 

Max 
Card 

1 
1 

m 
1 

m 
1 

m 
m 

m 
1 

m 
1 

1 
m 

m 
1 

m 
1 

m 
1 

m 
m 

1 
1 

1 
m 

Rule 

exc 
2 

exc 
2 

exc 
2 

exc 
1 

exc 
exc 

exc 
2 

2 
exc 

1 
exc 

1 
exc 

1 
exc 

exc . 
1 

9 
exc 

exc 
1 
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I~~~~~~~~~~ ---Tax% 

/(1:1 

I~~~~~~~~~~~~~~I---Name 
1(0 :m) 
I 

(1: 1) 

Sale's date------- -
Sales order no---- (1:1) 
Customer order ,-- ORDER -------
Order date--------
Total before tax--
Tax--------------
Tota1------------- -------

(l:m) 

ouantitY~ 
Amount~ 

I -----~~.:~ )1 

Product name----- PRODUCT 
Price/unit------- ---------

236 

1(1: 1) 
(o:m)I---------I---Name 

------- _:~::_:~_ ---Address 

Figure 122. Completed ERD of the Sales Order Form 
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1-;~;~;~;-I---TaX% I-;~~~;-;~;;~~-I---Name I----------I---Name 

1_~~~:~~:~_I:::*~~~ess 1----------1 
1(1:1) 

1--------------1 I (O:m) I (1:m) 

( 1: 1 ) 
Sale's date------
Sales order no---
Customer order .-
Order date-------
Total before tax--
Tax%-------------
Tax---------------
Total-------------

ORDER 

(1 :m) 

(1:1) 

QUantit.~ 
Amoun~--

(0 :m) 
Product nO-------I--------
Product name----- PRODUCT 
Price/unit------- ---------I (l:m 

(1: 1) 

<2> 
1(1: 1) 

(o:m)/---------I---Name 
------- _~~::_:~_ ---Address 

. o/I~~~~~~~I-~-Name. 
(O:m) 

AUTH BY 

(1:1) /' 
----~--- --Invoice no 

--Authorization date 
SHIPMENT --Shipping point 

------- -~-Total 
(1:m) 

(l: 1 

I~~~~~~~~~~~I 
/" 1(1:m) 

CARRIE 
BY 

Location 

<2> 
(1: 1) I 

I-;;~-
(1:1)1-----

(O:m) 

Name---I~~~~~~~~I 
Quanti ty 
Weight 

Figure 123. Incorporating Shipment Authorization Into the So Far 
Evolved ERD 



1-;~;~;~~-I---TaX% 
1-----Fi~iJ 

0(",1 
~' (1:1) 

Sale's date------~-
Sales order no--- ( 1: 1) 
Customer order .-- ORDER -------
Order date--------
Total before tax--
Tax--------------
Total------------- -------

(1 :m) 

ouantity~ 
Amount~ 
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I----------I---Name 

1_:~~:~~:~_I:::~~g~ess I Cl :m) 

<3> 
1(1:1) 

(O:m) I---------I---Name 
-------I_~~::_:~_I---Address 

~
~~~~~I---Name 

AUTH BY 

(1: 1) 
1---- ----- --Invoice no 

--Authorization date 
SHIPMENT --Shipping point 

--Total 

1
_----------1 WAREHOUSE 

?---I(l~;) 
Location 

Tax----
Tota1--
Total--
before 

tax 

(1:1) (1 010 /co:m) 
--:- SJ-SI -----1 

--------- BIN 
(1:1) ---~- ---Bin no 

1(1 :m) 
Page .---I---------------I---Yesterday's mo-to-date 

Today's date-- SALES JOURNAL ---Today's total 
--------------- ---New mo-to-date-tota1 

Figure 124. The Integr~ted ERD for the Set of Forms 



APPENDIX D 

THE META ERH 

In this appendix we will develop a meta model in 

ERM. It is a recursive definition of the ERM in that our 

ERM is modeled by itself. 

In section D.l we will describe the development of 

the ERD. In section D.2 a relational schema is developed 

which will serve as a catalogue for implementation purposes. 

In section D.3 a numher of constraints are appended to the 

relational schema to preserve the integrity of our ERM. 

D. 1 • Descr ipt ion of the He ta ER~1 

In this section we will discuss our meta ERM. The 

ERM, which we have previously described, consists of the 

following objects: 

Entities and id-dependent entities, 

Relationships and Role names, 

Attributes, Domains, and Data types, 

IS-A relationships, 

~in-max cardinalities of an entity in a relationship, 

Min-max cardinalities of an attribute of ar. entity, 

Min-max cardinalities of an attribute of a relationship, 
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and 

Generalization min-max cardinality. 

Figure 125 depicts the ERD for our meta model. We 

will describe it in the following paragraphs. To avoid 

confusion, all meta objects are written in capital letters. 

Entities are represented by the entity type ENTITY. 

The ID-DEPENDENCY relationship relates ID-DEPENDENT and 

DETERMINANT entities. They have (l:l) and (l:m) 

cardinalities, respectively. The cardinality of ENTITY in 

its relationship to ATTRIBUTE is (l:m), and therefore an 

instance of it can not exist without having at least one 

attribute. An entity, however, can exist without being 

forced to participate in any relationship as is evident by 

the cardinality of ENTITY in ENT-REL relationship. 

The entity RELATIONSHIP is identical to entity 

ENTITY except for the fact that its cardinality in its 

relationship to ATTRIBUTE is (O:m) which means that a 

relationship does not have to have an attribute. 

Attributes names are represented by the entity 

ATTRIBUTE. Its cardinality in the ENT-ATT relationship is 

(O:m) meaning that an instance of ATTRIBUTE does not have to 

be attached to an entity and it may be attached to many 

entities. Its cardinality in the REL-ATT relationship is 

similarly defined. 

The relationship ENT-ATT relates ENTITY and 

ATTRIBUTE. It has three attributes. KEYNESS is a boolean 



(O:m) ----------- (O:m) 
ATTRIBUTE 

--KEYNESS 
----MIN 

------MAX 

ROLENAME 

(O:m) 

RELATIONSHIP 

MIN 

--KEYNESS 
----MAX 

------MIN 

(l:m) 
(0 :m) -------
----- ENTITY 

MAX 
[0: 2] 
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DETERMINANT ID-DEPENDENT 

Figure 125. The Meta ERD 



1----------- 1 

I-~~~~:=~::-I 
( 2:m) 

(0 :m) 
-----------1 

ATTRIBUTE I 
-----------

[1:1] ATT-IS-A 

~------I 

DOMAIN 

data length 
type 

1 

COMP-ATT I 
----------

( 2:m) 

Figure 125. Continued 
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--------------1 
ENTITY RELATIONSHIP I 

--------------

[0:2] ENTITY-GEN [0:2] REL-GEN 

SUB-R SUP-R 

---CAT 
-----MIN 

--------MAX 

Figure 125. Continued 
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attribute which states whether an instance of ATTRIBUTE is a 

, key of the instance of ENTITY which it is an attribute of. 

The MIN and MAX are the minimum and maximum cardinalities of 

the instance of the ATTRIBUTE which is an a~tribute of an 

instance of the ENTITY. 

The relationship REL-ATT relates RELATIONSHIP and 

ATTRIBUTE and its definition is similar to the ENT-ATT 

relationship. 

The relationship ENT-REL relates entities ENTITY and 

RELATIONSHIP. The ROLENAME attribute stands for the role 

name that an instance of the ENTITY plays in the instance of 

the RELATIONSHIP which it is related to. The MIN and MAX 

are the minimum and maximum cardinalities, respectively. 

ATTRIBUTE is a generalization of ATOMIC-ATT (for 

atomic attribute) and COMP-ATT (for composite attribute). 

The IS-A category name is ATT-IS-A (for attribute is-a) and 

its cardinality is [1:1] meaning that an attribute is either 

atomic or composite but not both. ATOMIC-ATT and 

COMPOSITE-ATT are related to DOMAIN through ATOM-DOM and 

COMP-DOM relationshi?s, respectively. The carc.inality of 

ATOMIC-ATT in the ATOM-DOM relationship is (1:1) meaning 

that an instance of the ATOMIC-ATT ranges over one and only 

one domain. The cardinality of the COMP-ATT in the COMP-DOM 

relationship is (2:m) meaning that an instance of the 

COMP-ATT must range over a minimum of two domains. 
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The cardinality of DOMAIN in both ATOM-DOM and 

COMP-DOM relations is (O:m) meaning that a domain does not 

have to be associated with any attribute and it may be 

associated to many. DOMAIN has two attributes: "data type" 

and "length". 

Group attributes represented by GROUP-ATT entity are 

associated to ATTRIBUTE via the MEMBER OF relationship. The 

cardinalities are self-explanatory. 

ENTITY-GEN is a generalization hierarchy abstracting 

SUB-E (subordinate entity) and SUP-E (superordinate entity) 

into ENTITY. Its cardinality is [0:2] meaning that an 

instance of ENTITY does not have to participate in any 

generalization hierarchy, and it can be either SUB-E or 

SUP-E or both if it does participate in any. The E-IS-A 

relationship relates superordinate and subordinate entities 

together through a category name CAT. MIN and MAX are 

generalization min-max cardinalities. Notice that E-IS-A is 

a regular relationship and not an is-a (generalization) type 

of abstraction. The cardinalities of both SUB-E and SUP-E 

in the E-IS-A relationship are (l:m) meaning that a 

superordinate entity can have many subordinates and one of 

its subordinates can have other superordinates. This is a 

result of allowing the AND-VSG type. If we had not allowed 

AND VSG type of generalization then the SUB-E's cardinality 

in the E-IS-A relationship would have been (1:1). 
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D.2. Mapping the Meta ERM to a Relational Schema 

In this section we present a relational schema of 

the meta model. This schema will serve as the systems meta 

catalogue. Figure 126 'd~picts this relational schema. 

ENTITY and RELATIONSHIP each are represented by one 

relation. ENAME and RNAME are defined on data type 

"character 20". WEAK-ENTITY is represented by a relation by 

the same name. Its two attributes, DEPENDENT and 

DETERMINANT range over ENAME attribute of ENTITY. In 

addition the two can not be the same. The relationship 

ENT-ATT is presented by a relation of the same name. ENAME 

was already explained. ATTNAME is attribute name and is 

defined on the same data type as that of ENTITY. KEYNESS is 

a boolean variable expressing weather theATTNAME is a key 

of the ENAME. MIN and MAX are minimum and maximum 

cardinality of the ATTNAME of the ENAME. The MIN is defined 

over the range of integers (including 0) and the MAX is 

defined over the set of {Integers, ml REL-ATT is similarly 

defined. Attribute ROLENAME of the ENT-REL relation 

specifies the role of the ENAME in relationship RNAME. 

NO-OF-DOMAINS in relation COMP-ATT are number of 

domains which the composite attribute has. DOMNAME is the 

domain name and is defined over "character 20". 

RELATIVE-ORDER in relation COMP-DOM is the relative order of 

the domain in the composite attribute. DTNAME is defined 



ENTITY ( ENAME ) 
RELATIONSHIP ( RNAME 
ID-DEPENDENCY ( DETERMINANT-ENAME,DEPENDENT-ENAME 
ENT-ATT ( ENAME, ATTNAME, KEYNESS, MIN, MAX ) 
REL-ATT ( RNAME, ATTNAME, KEYNESS, MIN, MAX ) 
ENT-REL ( ENAME, RNAME, ROLENAME, MIN, MAX) 

ATTRIBUTE ( ATTNAME ) 
ATOMIC-ATT ( ATOMIC-ATTNAME, DOMNAME ) 
COMP-ATT ( COMP-ATTNAME, DOMNAME ) 
GROUP-ATT ( GROUP-ATTNAME, MEMBER-ATTNAME 
DOMAIN ( DOMNAME, DATATYPE, LENGTH ) 

ENTITY-GEN ( SUB-ENAME, SUP-ENAME, CATNAME ) 
REL-GEN ( SUB-RNAME, SUP-RNAME, CATNAME ) 
CATEGORY ( CATNAME, GEN-MIN-CARD, GEN-MAX-CARD 

Figure 126. Relational Schema of the Meta Model 

Meta Object Constrained by Meta Object 
----------------- -------------- -----------------
DETERMINANT-ENAME IS-SUBSET-OF ENAME 
DEPENDENT-ENAME IS-SUBSET-OF ENAME 
DETERMINANT-ENAME IS-NOT-EQUAL-TO DEPENDENT-ENAME 

ATOMIC-ATTNAME IS-SUBSET-OF ATTNAME 
COMP-ATTNAME IS-SUBSET-OF ATTNAME 
GROUP-ATTNAME IS-SUBSET-OF ATTNAME 
ATOMIC-ATTNAME IS-NOT-EQUAL-TO COMP-ATTNAME 
ATTNAME IS-EQUAL-TO ATOMIC-ATTNAME 

UNION COMP-ATTNAME 

SUB-ENAME IS-SUBSET-OF ENAME 
SUP-ENAME IS-SUBSET-OF ENAME 
SUB-ENAME IS-NOT-EQUAL-TO SUP-ENAME 

SUB-RNAME IS-SUBSET-OF RNAME 
SUP-RNAME IS-SUBSET-OF RNAME 
SUB-RNAME IS-NOT-EQUAL-TO SUP-RNAME 

Figure '?7. Constraints on the Meta ERM 
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over "character 20". LENGJ:'H is the length of the domain 

which is defined over a particular data type. 

The generalization hierarchy is defined over three 

relations. The first two, ENTITY-GEN and REL-GEN, are the 

categories of the meta model of Figure 125. E-SUB and E-SUP 

range over ENAME. Similarly R-SUB and R-SUP range over 

RNAME. CAT is the category name and is defined over data 

type "character 20". The relation CATEGORY specifies the 

generalization min-max cardinalities of each is-a category. 

GEN-MIN-CARD is defined over (0, 11 and GEN-MAX-CARD is 

defined over (integers]. 

0.3. Set Constraints on the Meta ERM --- -- --- ---- ---
A number of objects are constrained by a numher of 

other objects in the Meta model. These are set constraints 

and determine the relationship between the numher of 

occurrences of these objects to each other. 

In Figure 127 we have enumerated these constraints. 

The occurrences of the objects on the left column are 

constrained by the ones in the right column. The center 

column is the set relationship between the two. 



APPENDIX E 

SOFTWARE DOCUMENTATION 

This documentation is intended for the users of the 

EDDS whose architecture was described in Chapter five. The 

intended users are systems analysts and database designers 

who are familiar with the Entity-Relationship Model. The 

ERM is derived for a set of forms which are already defined, 

either by a user or by the designer. 

The system is implemented on a VAX 11/780 using 

Pascal language. A description of the functions performed 

by each rrocedure is qiven at the beqinning of the 

procedure. Each procedure is not more than two pages long. 

Further, long mnemonic names are used to facilitate 

understanding of the code. The code adheres to the 

structured progr.amming techniques. 

EDDS mal:es calls to the JAMES software library which 

is a library of Pascal routines. The JAMES documentation is 

contained elsewhere and could be obtained from the author or 

the department of MIS at the University of Arizona. 

ThA definitions of the forms are contained in the 

Form Ahstraction Base (FAD). The FAB contains the form 

schema which was descrihed in Chapter four. The Data Design 
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Knowledge Base (DDKB) is hard coded in the software and was 

described in Appendix B. The Design Status Base (DSB) and 

the Design Data Base (DDB) consist of five and three files, 

respectively. Table 10 is a description of the EDDS files. 

To run EDDS the following steps must be followed: 

1. Compile and run the utility program LOAD.PAS. 

Through a conversation with the user, this program 

interactively constructs the form schema and stores 

it in the FORM.DAT. 

2. Compile the *.PAS files in the order listed in Table 

10. For each compilation two files are created: one 

with the extension OBJ which is the object file, and 

one with the extension PEN which is a Pascal 

environment file. For example, to compile the first 

file: 

$ PAS DATATYPE 

3. Link them in the reversed order as follows: 

$ LINK EDDS,SCREENS,LISTS,USER,DSB,DDB,DATATYPE 

4. Run the program by: $ RUN EDDS 

Files with the extensions DSB and DDB are created by 

the program. The help facility resides in a number of files 

with the general format of HELP.Si, where "in is the screen 

number for which this help file will be displayed. These 

files must reside in the same directory as the EDDS.EXE. 



Table 10. Sumrnacy oE the ?iles Used in EDDS 

E:DDS 
Corr.ponent Pile Hames 

PAB PORM.OAT 

DSB 

DDB 

IE 
& 

DDKB 

P FF ENT.DSB 

F FF REL.DSB 

PREVIO F.DSB 

REl1AHIPF.DSB 

RE.'1.' .... IN F.DSB 

E~ITATT. DDB 

ENTREL.DDB 

RELATT.DDB 

DATATYPE.PAS 

DDB.PAS 

DSB.PAS 

IJSER.PAS 

LISTS.PAS 

SCREENS.PAS 

EDDS.PAS 

Description 

Contains the forms schemas. 

Each row has form, form field, and 
associated entity name. 

Each row has form, form field, and 
associated relationship n~~e. 

List of previously analyzed forms. 

List of remaining form fields. 

List of remaining forms. 

Each row has an attribute name and 
its associated entity name. 

Each row has an entity name and a 
relationship name. 

Each row has an attribute name and 
its associated relationship name. 

Contains the data types. 

Manages the DDS files. 

Manages the DSS files. 

Handles the user interface and the 
screens. 

Manages the linked lists. (All 
data structures are linked lists.) 

Contains the screens. 

EDDS top level and main driver. 
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The system engages the designer in a conversation 

based on the contents of the FAS, DDKS, DDS, DSS, and the 

designer's response. The remainder of this appendix lists 

the screens through which EDDS communicates with the 

designer. There is an on-line help facility for each 

screen. 
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SCREEN 1. 

Following is the list of form fields which may represent 
entities. Please type the entity name across from the 
form field which may identify it. 
Move the cursor to continue and press return when done. 

Form Fields 

ffl 
ff2 

ffn 

Entities 

Commands Continue, Next, Quit, Help 



I-;~~-;i~i~-~-f---------------
1------------------------------

Entity Name : 

Commands Continue, Next, Quit, Help 

Entities 

el 
e2 

en 
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SCREEN 3. 

Identify the relationships between entities. Type the 
relationship name and the role name for the entities 
which participate in this relationship. 
Move the cursor to continue and press return when done. 

Relationship Name: 

Commands 

Entities Role Name 

el 
e2 

en 

Continue, Next, Quit, Help 

255 



SCREEN 4. 

A relationship may exist between the following two 
entities which are at two different levels on the form. 
Type the relationship name and the role names. 
Move the cursor to continue and press return when done. 

Relationship Name: 

Commands 

Entities Role Name 

el 
e2 

Continue, Next, Quit, Help 
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SCREEN 5. 

The following entity does not have any relationship to 
another entity. Type the relationship name and define 
entity role names. 
Move the cursor to continue and press return when done. 

Entity: e Relationship Name: 

Commands 

Entities Role Name 

el 
e2 

en 

Continue, Next, Quit, Help 
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SCREEN 6. 
1----------------------------------------------------------

At least one relationship must exist between the 
following two entities which are of two different forms. 
Type the relationship name and the role names. 
Move the cursor to continue and press return when done. I 
----------------------------~-----------------------------

1----------------------------------------
I-~:::=~~~:~~~-~:~::---------------------

Co~nands 

Entities Role Names 

e1 
e2 

Continue, Next, Quit, Help 



SCREEN 7. 

The following entities are related by the named 
relationship. Specify their Minimum or Maximum 
cardinalities if it is not already shown. 
Move the cursor to continue and press return when done. 

Relationship name : R 

Entities 

el 
e2 

Min-Card Max card 

Commands Continue, Next, Quit, Help 
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SCREEN 8. 

Type the relationship name, if the form field listed 
below is an attribute of that relationship. 
Move the cursor to continue and press return when done. 

Form Field : f 

Relationship Name : 

Commands Continue, Next, Quit, Help 

Relationships 

rl 
r2 

rn 

260 
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SCREEN 9. 
1----------------------------------------------------------............... ····l"ollowingis ··a··· .. ·list~'·6f 'form fields '¥ftllch "are< attributes 

of the displayed entity. Identify which attribute is the 
key by typing "y" in the appropriate column. 
Move the cursor to continue and press return when done. 

Entity: e 

Type y here Attributes 

Commands 

al 
a2 

an 

Continue, Next, Quit, Help 
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