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ABSTRACT 

We live in the Information Age. The effective use of information to manage 

organizational resources is the key to an organization's competitive power. Thus, 

a database plays a major role in the Information Age. A well designed database 

contains relevant, nonredundant, and consistent data. However, a well designed 

. database is rarely achieved in practice. One major reason for this problem is the 

lack of effective support for logical database design. Since the late 1980s, various 

methodologies for database design have been introduced, based on the relational 

model, the functional model, the semantic database model, and the entity struc

ture model. They all have, however, a common drawback: the successful design 

of database systems requires the experience, skills, and competence of a database 

analyst/designer. Unfortunately, such database analyst/designers are a scarce re

source in organizations. The Structured Entity Model (SEM) method, as an al

ternative diagrammatic method developed by this research, facilitates the logical 

design phases of database system development. SEM is derived from System Entity 

Structure, which is a hierarchical knowledge representation for simulation model

ing developed by Bernard P. Zeigler. Because of the hierarchical structure and 

decomposition constructs of SEM, it can help a novice designer in performing top

down structured analysis and design of databases. SEM also achieves high semantic 

expressiveness by using a frame representation for entities and three general asso

ciation categories (aspect, specialization, and multiple decomposition) for relation

ships. This also enables SEM to have high potential as a knowledge representation 

scheme for an integrated heterogeneous database system. Unlike most methods, the 

SEM method does not require designers to have knowledge of normalization theory 

in order to design a logical database. Thus, an end user (or a novice designer) will 

be able to complete logical database design successfully using this method. In this 

research, existing data models used for a logical database design were first studied. 
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Second, the framework of SEM and the design approach using SEM were described 

and then compared with other data models and their use. Third, the effectiveness 

of the SEM method was validated in two experiments using novice designers and by 

a case analysis. In the final chapter of this dissertation, future research directions, 

such as the design of a logical database design expert system based on the SEM 

method and applications of this approach to other problems, such as the problems 

in integration of multiple databases and in an intelligent mail system, are discussed. 
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Chapter 1 

Introduction 

1.1 Background 

We live in an Information Age in which effective use of information to manage orga

nizational resources is the key to an organization's "competitive power." Database 

systems therefore must playa major role in an Information Age success. Since their 

introduction, database systems have been widely accepted as an effective means for 

structuring and manipulating information [Hoffer, 1982 and Date, 1981]; they are 

considered to be one of the central concepts of the organizational information system 

[Davis and Olson, 1985]. Further evidence of their importance is provided by an es

timate from experts in the database area that over 30% of the application programs 

written in 1985 were database applications [Batini and Ceri, 1985]. In addition to 

database design's having become a prominent aspect of software development, Ben

jamin [1982] also predicts that by 1990 over 75 % of all application programs will be 

written by end-users. A large part of the trend toward end-user computing results 

from advances recentiy made in database management systems (DBMS). In fact, 

some DBMS help the user create and implement a database without performing 

data modeling and database design. An implication of this phenomenon is that a 

large percentage of databases wiIl be designed by end-users who may lack sufficient 
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knowledge of database design. Consequently, such properties of database systems 

as reduced data redundancy and higher integration will be minimally utilized. The 

current trend toward increasing use of database applications and end-user comput

ing brings about the need for effective training and support tools for end users to 

use in performing logical database design. 

1.2 The Lifecycle of Database System Development 

Database development is a central part of the development of an organizational 

information system [Davis and Olson, 1985]. A well designed database includes 

an organization's present and future data requirements. The lifecycle of database 

development is described in this section. 

Although the lifecycle of database development will vary under different con

siderations and at different levels of detail, it can generally be depicted by four 

main phases as shown in Figure 1.1. For example, in distributed database systems, 

a database can be fragmented, replicated and allocated to geographically dispersed 

sites in order to meet users' informational needs. This research deals specifically 

with issues relevant to the development of centralized database systems and does 

not consider the lifecycle phases of distributed database development. 

1. Requirements Analysis 

The objective of this phase is to identify information resources, their rela

tionships, and the way they are used to meet and address an organization's 

present and future information needs. Active user participation is essential 

in this phase. The needs of the decision makers who will be using the infor

mation (information users) and of the personnel who actually interface with 

the database system (database system users) all must be considered. Each 
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user may be interested in a different aspect or portion of the same reality. 

A collection of such aspects of the reality is called a user view, Le., a user's 

mini-world. User v,ews are identified and documented. The completeness of 

the database is also determined in this phase. 

Two different approaches are available for accomplishing this phase, the top

down and the bottom-up approaches. The top-down approach starts from the 

organization's present and future information needs, which are then decom

posed down to the needs of individual users and functions. The bottom-up 

approach focuses first on the data needs of individual users and organiza

tional activities and then, through integration, forms an organizational global 

view. Business System Planning (BSP) [Business System Planning, 1975] and 

a form-driven approach [Choobineh et al., 1988, and Mannino and Choobineh, 

1984] are examples of top-down and bottom-up techniques, respectively. Ide

ally, these two approaches should be used together to check for completeness 

of the analysis. 

The results of the requirements analysis are documented in a set of require

ments specifications which provides the input to the logical database design 

phase. 

2. Logical database design 

In this phase, the various user views and data requirements identified in the 

previous phase are synthesized into a global database schema using a DBMS 

independent data model. A database schema describes the structure of the 

database and viable access paths. The global database schema is represented 

in a DBMS dependent data model for the physical database design phase 

at the end of this phase. Available DBMS dependent data models are hier

archical, network and relational. Specifically, a relational schema defines a 

collection of relations, each of which depicts the properties of related entities 

~.-. 
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through a set of attributes. Following Codd's normal forms of the relational 

data model, numerous methods including normalization [Codd, 1970, and 

Date, 1981), decomposition [Fagin, 1977, and Zaniolo and Melkanoff, 1981), 

synthesizing [Bernstein, 1976), Nld Jackson's methods [Jackson, 1983) have 

been used for relational sC'.hema design. Several tools [Berman, 1986, Codd, 

1979, Orman, 1986, Storey, 1986, and Hammer and McLeod, 1981) have been 

proposed to automate the process of relational schema design, using some 

form of semantic data models as input. Semantic data models differ from tra

ditional data models because of their emphasis on the meaning of data rather 

than the structure of data. Most automated design tools using a semantic 

data model employ one of the following approaches: 

• The semantic data model is transformed into attribute dependencies and 

then some existing method such as the decomposition method is used to 

derive the schema. 

• The semantic model is transformed into a relational model in a lower 

normal form, and then the normalization process is continued to generate 

higher normal forms. 

While the design process is automated, neither approach completely avoids 

the step of specifying data semantics by attribute dependencies. 

3. Physical Database Design 

In this phase, the logical database design is translated into physical storage 

structures. One major goal of this phase is to develop an efficient mapping 

of data and relationships which were defined in the previous phase to storage 

devices using efficient data structures. Database security (to do things right), 

integrity (to do right things), and backup and recovery are also considered in 

this phase. 



23 

4. Operation and maintenance 

The lifecycle is completed with the actual operation and maintenance of the 

database. During this phase, various application programs will be developed 

for and by end-users. Because the relationships in a relational model are im

plied from the connecting fields among relations, database processing requires 

a knowledge of relational theory. Lack of such knowledge could be a barrier for 

end-user database designers. Furthermore, due to the incompleteness in the 

relationships captured by a relational model, queries and updates involving 

the missing semantics may not be handled effectively. 

The first two phases of the life cycle require active user involvement, which in

creases user understanding of the system and is critical for the success of information 

system development [Lucas, 1985]. A data model which facilitates communications 

between users and designers and enhances user understanding of the system should 

be used for these two phases regardless of the actual DBMS, i.e., semantic data 

models are more suitable to these two phases than the traditional data models. 

On the other hand, the latter two phases of the life cycle are totally dependent on 

the actual DBMS used for the system and require use of a DBMS dependent data 

model. In Figure 1.2, the overview of end-user database development is depicted. 

1.3 Statement of the Problem 

As Nilsson [1979] stated, one of the most important aspects of modeling quality is 

the power of expressiveness. This power is lessened, however, by the formalization. 

applied in the process. For example, record oriented data models are typically well 

formalized, but they do not provide the semantically self-describing base needed 

for conceptual schemata [Kent, 1979]. The problem to which graph structured 

models are subject is just the opposite. Graph structured models typically have rich 
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semantic expressions but are somewhat ambiguous when it comes to the process of 

constructing graphs, i.e., a formalization problem. 

Many semantic data models have been proposed for use in user view spec

ification. Some of them will be summarized in the next chapter. Most of them, 

however, can not be easily transformed into DBMS dependent data models. As a 

consequence, those models are used primarily for understanding and documenting 

data semantics. The development of databases needs to be enhanced by using the 

natural and precise representation of data semantics that can be easily transformed 

into a DBMS dependent model. The semantic representation can be preserved by 

coupling a semantic data model with a database in such a way as to facilitate the 

processing of database queries and updates after the semantics of the design process 

have been lost. 

Hence the overall goal of this research was: 

Determining the factors (criteria) critical to a semantic data 

model and an effective logical database design methodology 

and using the identified criteria to develop a powerful semantic 

data model and more effective logical database design method

ology. 

In order to achieve this overall goal, four research activities were identified. 

The first of these dealt with determination of the criteria essential to a semantic 

data model and an effective Logical Database Design (LDD) methodology. The 

second research activity was the development of a new semantic data model and a 

LDD methodology using the criteria identified in the first research activity. The last 

two research activities addressed the effectiveness of the LDD methodology. One 

research methodology was proposed to achieve each research activity as described 

below: 



Research Activity 1: Determination of criteria essential to a 

semantic data model and of an effective logical database design 

methodology. 

Research methodology: Literature review. 
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Several popular semantic data models and their associated LDD methodolo

gies were reviewed. Empirical studies of the effectiveness of those methodologies 

as well as their use of in application fields such as automated LDD tools and an 

integration of heterogeneous databases were also reviewed. Through the review of 

the literature, strengths and weaknesses of each model and methodology were iden

tified. The criteria of an effective semantic model and appropriate methodology 

were then determined. 

Research Activity 2: Development of a semantic data model 

and an associated logical database design method using the 

criteria from the first research activity. 

Research methodology: Model development and model com

parison (software engineering). 

A new semantic data model, Structured Entity Model (SEM), was proposed. 

The Structured Entity Model (SEM), based on a structured knowledge representa

tion scheme, was to be a new graph structured model designed to be less susceptible 

to designer errors while maintaining ease of understanding and use. 

Of the existing database design tools, the characteristics of the Logical Re

lational Design Methodology (LRDM) based on the extended ER (EER) model 

[Teoreyet al., 1986] were most compatible with SEM. To validate the constructs of 
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SEM and its approach in logical database design, thorough structural comparisons 

of the SEM approach and LRDM were performed. 

Research Activity 3: Demonstration of the implementation of 

the developed logical database design method. 

Research methodology: Case study. 

A real case is used to demonstrate the implementation of the SEM approach 

as an LDD method. The case describes the completion of a logical database design 

phase performed by a group of novice designers for a company. Both a structured 

diagram and the SEM approach are used, and the resulting models are compared. 

Research Activity 4: Evaluation of the effectiveness of the 

methodology developed for use by novice database designers. 

Research methodology: Empirical study. 

Empirical comparisons of the SEM and the LRDM approaches, using a group 

of undergraduate students majoring in Management Information System at the 

University of Arizona, were conducted to evaluate the effectiveness of the SEM 

approach in novice designer database design. 

In order to develop an effective semantic data model and an associated LDD 

methodology, criteria of the model and of the methodology first had to be identified. 

Thus, the first research activity was achieved prior to the second research activity. 

The second research activity was development and validation of the model. The 

methodology was tested by completing the third and fourth research activities. 
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1.4 Organization of the Dissertation 

The remainder of this dissertation is organized as follows. Chapter 2 reviews the 

literature and includes discussion and comparison of semantic data models and 

methodologies, previous empirical studies on related problems, automated logi

cal database design tools, and integration techniques for heterogeneous databases. 

Chapter 3 describes three research methodologies used in this study. The notion of 

SEM is introduced in Chapter 4, along with a comparison with LRDM. Chapter 5 

describes a case study, followed by a discussion of the experimental design and the 

analysis of empirical results in Chapter 6. Chapter 7 concludes the study by sum

marizing the contributions of the research and suggesting directions future research 

might take. 
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Chapter 2 

Review of Literature 

2.1 Introduction 

The literature review is presented four sections. The first section reviews data mod

els and data modeling. Results of empirical studies regarding the use of data models 

and modeling techniques for logical database designs are discussed in the second 

section. The third section focuses on typical approaches to automated database 

design. The integration of heterogeneous databases is emphasized in the fourth 

section; the problems of integration and typical approaches are emphasized. 

2.2 Data Models 

A model represents real-world objects and events, and their associations. Use of a 

model enhances understanding and abstraction of detail. For example, model auto

mobiles allow designers to design better automobiles. A data model is an abstract 

representation of data, where an item of data refers to an object (object name) 

and to some aspect of the object (object property) which is captured by a value 

(property value) at a certain time (time) [Langefors, 1977]. The representation 

may contain a static or a dynamic and structural or operational aspect within an 
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object and among objects. In database development, data modeling is useful for 

understanding and documenting data relationships, as well as for designing and im

plementing databases. From a log!cal database design point of view, data models are 

categorized into two types, database management system (DBMS) dependent and 

DBMS independent [Langefors, 1963, 1969, and 1980, Davis and Olson, 1985, and 

Tsichritzis and Lochovsky, 1982]. The three traditional data models, hierarchical, 

network, and relational data models, are considered to be DBMS dependent data 

models. Semantic Database Model (SDM) [Hammer and McLeod, 1978 and 1981], 

Entity Relationship (ER) model (Chen, 1976], and Object-oriented Data Model 

[Goldberg, 1981, and Katz and Lehman, 1984] are examples of DBMS independent 

data models. 

Modeling is a useful technique for defining system requirements and analyzing 

alternative designs. An organization may have thousands of entities about which 

data are needed, and these entities may be related in complex ways. The data 

and their relationships, as well as the meaning of data (data semantics), must be 

captured through data modeling or there is a risk of their being inadequate for sup

porting organizational information needs. Many researchers have proposed several 

data models which emphasize semantic expressiveness, such as RM/T [Codd, 1979], 

Entity-Relationship model [Chen, 1976], Abstraction model [Smith and Smith, 

1977], Semantic Database Model [Hammer and McLeod, 1978 and 1981], Object

oriented Data Model [Goldberg, 1981 and Katz and Lehman, 1984], and FUnctional 

Data Model (FDM) [Shipman, 1981 and Orman, 19861. While all of those have a 

form similar to semantic networks, a knowledge representation in AI, they differ in 

their formalization details. Most of the models suffer from some of the following 

shortcomings: 

• The models fail to provide adequate warnings of erroneous designs. 

• The models require additional knowledge and extensive experience on the part 

of users. 
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• The semantic models cannot be easily transformed to DBMS dependent data 

models. 

• Because of the network representation form, a top-down hierarchical design 

approach cannot easily be performed. 1 

• The models cannot be easily used for database processing even though the 

semantics in the model are more complete than those of the data model de

scribed in the database. This is a common problem because most semantic 

data models are DBMS independent. 

2.2.1 Infological and Datalogical Designs 

Two parts of a logical database design defined in [Tsichritzis and Lochovsky, 1982] 

are: infological [Langefors, 1977 and Sundgren, 1974] (equivalent to an uncon

strained logical design in [Davis and Olson, 1985] and datalogical (equivalent to 

a logical design constrained for a particular DBMS in B[Davis and Olson, 1985]). 

The former is DBMS independent and the latter is DBMS dependent. Tsichritzis 

and Lochovsky [Tsichritzis and Lochovsky, 1982] suggested that it is realistic to 

have two data models, one that is infological and one that is datalogical. These 

choices should not be totally independent since the former data model will have 

to be mapped to the latter [Senko, 1976 and Langefors, 1977]. However, Gillenson 

[1987] reported that even though natural associations exist between particular info

logical and datalogical models, datalogical models are basically compatible. Hence 

determination of an appropriate design tool should be focused on the infological 

data models. 

1 People process information more efficiently when complex information is represented in a top

down hierarchical fashion [Simon, 1981]. 
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It is indicated in several sources [Kent, 1978, Chen, 1976, and Teichroew et 

al., 1981] that graph structured models (or diagrammatic models) are easy to use, 

are understandable, and have inore power of semantic expressiveness. [Hoffer, 1982 

and Jarvenpaa and Machesky, 1986] also reported that end users prefer diagram

matic models and perform better with them. However, no available diagrammatic 

data model satisfies all four of the criteria listed above. In the following section 

a new diagrammatic data model, Structured Entity Model (SEM) which satisfies 

all four criteria, is described. The extended ER model, SDM, and others are also 

summarized and compared. 

2.2.2 Comparison of Data Models 

Data models can be generally categorized into two types: the record model and 

the graph structured (diagrammatic) model [Kent, 1978]. Three popular database 

models, hierarchy, network, and relational, belong to the record model type. The 

semantic-net, ER model [Chen, 1976], and the object-oriented model [Goldberg, 

1981 and Katz and Lehman, 1984] belong to the diagrammatic type. Although 

some of the record models, such as the relational model [Codd, 1970, Beeri et al., 

1977 and Date, 1981], the extended relational model (RM/T) [Codd, 1979 and Date, 

1981], and the semantic database model (SDM) [Hammer and McLeod, 1978 and 

1981], are more theoretically sound, the diagrammatic models, particularly the ER 

model, are becoming popular mainly because of ease of use and understanding. To 

novice database designers and end users, the record models are difficult to use and 

understand. On the other hand, the diagrammatic models are typically prone to 

human errors. A number of researchers [Kent, 1979, Hammer and McLeod, 1981, 

and Langefors, 1980] have criticized the three traditional data models as being more 

concerned with organizing data for processing purposes than with using natural 

structure and therefore ineffective in representing the meaning of data and their 
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relationships (semantics). A number of alternative data models, called semantic 

data models, have been developed to deal with such problems. The aforementioned 

RM/T, SDM, and ER are examples of semantic data models. Some of the well

known semantic data models developed in the past decade or so are briefly described 

below and summarized in Table 2.1. 

The extended entity-relationship model (EER), evolving from the ER model, 

represents information in terms of entities, attributes, and associations among entity 

occurrences called relationships. The ER approach, initially proposed by Chen 

[1976], has been accepted as the premier model for conceptual design [Teorey et 

al., 1986, and Blaha et al., 1988]. Although the initial ER approach had many 

weaknesses, such as incomplete semantic representation and lack of abstraction 

concepts and the representation for ternary relationships, it has been modified and 

extended by other researchers to overcome these weaknesses. For example, the ER 

model has been revised to include the representation of more complete semantics 

[Smith and Smith, 1977 and Hawryszkiewycz, 1984]. Abstraction concepts also have 

been introduced [Scheuermann et al. 1980, Navathe and Sashidhar 1984, Salmi. 1983, 

Elmasri et al., 1985 and Ling, 1985]. The incorporation of ternary relationships and 

composite attributes into the ER model have been studied by Ling [1985). There 

are also extensive efforts to transform ER models to relational models [Wong and 

Katz, 1980 Martin, 1983, Hawryszkiewycz, 1984, Date, 1981, Elmasri et al., 1985, 

and Ling, 1985). All these research results have been synthesized and applied in the 

EER model [Teorey et al., 1986). 

The extended relational model (RM/T), evolving from the relational model, 

has been developed to capture more semantics. RM/T treats a certain type of rela

tionship as a special kind of entity, i.e., the object-oriented approach is taken. This 
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EER RMfr SDM 

Inputs Enlities. altribules. reo Enlities. allribules. Enlities. allribules. 

Iationships. some con- types. some coostminls classes. inler class con· 

strainls nections. coostrainls 

Cbal'llcterislics Diagrammatic model Record model Record model 

Nelwork representation TexlUal represenlalion TexlUal representation 

Top-down refinemeDl Semantic analysis Semantic analysis 

Semanlic: analysis normalizalion DBMS indepcndenl 

DBMS independenl DBMS dependenl 

Outputs Logical database Relalional dalabase Logical dalabase 

schema schema schema 

Strengtbs Flexibilily Theoretically sound Rich semanlic expres· 

sions 

Simplicily Uniformily Uniformily 

Flexibilily 

Weaknesses Lack o( theoretical sup· Complexily Tends 10 be lengthy 

pon 

Prone 10 human errors Requires eXlensive ex· Complexily 

periences and knowl· 

edge o( normalization 

theory 10 users 

Nol good (or complex Requires eXlensive ex· 

modeling pericnce on the part of 

\IIc:r'S 

Table 2.1: Comparison of Semantic Data Models 
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allows relationships to participate in other relationships. RM/T supports general

ization/specialization by partitioning the entity by using the value of a particular 

property, called a "category attribute." Although it is semantically richer than the 

relational model, it still is closely associated with the relational DBMS. 

The semantic database model (SDM) is, like RM/T, a record model. However, 

SDM is a DBMS independent data model. This model supports almost any kind of 

abstraction mechanisms? such as classification, generalization, and aggregation, as 

well as some semantic constraints. Two methods of specifying semantic constraints 

used in SDM are static specification (declarative approach) and dynamic specifica

tion (procedural approach). It is the most complete data model available [Hoffer, 

1982]. However, a description of a database using SDM can be quite long because 

of its information richness. It also may be difficult for users to use and understand 

because of its definitional nature (i.e., a lack of visual information). 

Additional information on these and other semantic models may be obtained 

from a number of sources [Kershberg et aI., 1976, Mcleod and King, 1981, and 

Tsichritzis and Lochovsky, 1982]. 

2.3 Previous Empirical Studies 

Extensive research in the area of logical database design and data modeling has been 

performed in the past. However, empirical studies concerned with participation in 

the analysis and design process by end :'iJerS (or novice designers) are largely absent. 

A significant portion of past empirical research addresses the behavioral aspects of 

the process. Only a few researchers, such as Shoval and Even-Chaime [1987] and 

Mantha [1987], performed empirical studies that are specifically concerned with 
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the effectiveness of database design tools. This section describes those and related 

empirical studies and summarizes their findings . 

• Hoffer [1982]: This study was conducted to determine whether any human, 

situational, or experiential factors influence an individual's ability to compre

hend a database design. A group of 48 MBA students with no or limited 

experience in System Analysis/Design and DBMS were asked to design a log

ical database. They had been exposed equally to a variety of MIS description 

techniques including several types of flow charts, a manual data dictionary, 

both network and hierarchical database schemata, etc. Individual subjects 

chose a technique of their own preference for the task. The results indicated 

that as long as a data architecture of an object system is not structurally 

inappropriate, people could effectively use any data model. However, there 

was a tendency for people to rely on data-process flow models when given a 

choice . 

• Jarvenpaa and Machesky [1986]: This study examined three aspects of 

novice analysts' learning of data analysis skills; (1) the difficulty of learning 

data analysis, (2) t.he differential learning rates associated with development 

tools, and (3) the dimensions of the tools, such as data representation and 

design approach, and contribution to learning differences. A group of 56 

continuing education students with no or limited experience in data modeling 

were asked to create four logical database designs using one of two tools, the 

Logical Data Structure (LDS) model based 011 ER concept and the Relational 

Data Model (RDM) based on normalization. In general, the LDS analysts 

performed better and their skills improved faster than the RDM analysts. 

The results also indicated that more LDS analysts than the RDM analysts2 

2The author has argued that training of end users should stress conceptual top-down analysis, 

not bottom-up output-directed analysis. 
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performed the analysis in a top-down manner . 

• Shoval and Even-Chaime [1987]: This study compared two different 

methods for designing a database schema: normalization and information 

analysis (IA). 3 A group of 26 Information Systems graduate students, who 

were trained to use the two methods in conjunction with the structured anal

ysis method of system analysis, were asked to create logical database designs. 

The normalization analysts performed better than the IA analysts, and the 

subjects preferred normalization to IA . 

• Mantha [1987]: This study investigated the existence, the nature and the 

causes of differences in the completeness of logical data specifications using 

data flow and data structure a.pproaches. A group of 20 professional systems 

analysts with training or experience in the use of one of the two modeling ap

proaches were asked to analyze a case by generating logical data specifications 

which were evaluated for completeness. The results indicated that data flow 

analysts had more difficulties with the concepts involved in specifying logical 

data specifications and consequently derived fewer entity views than did data 

structure analysts. However, the author suggested use of both data structure 

modeling and data flow modeling as structured analysis methods in order to 

improve the quality of design. 

In summary, the studies by Hoffer and by J arvenpaa and Machesky indicated 

that end users seem to prefer the diagrammatic methods. End users performed bet

ter and improved faster with the diagrammatic method based on the ER approach 

[Jarvenpaa and Machesky, 1986]. Since these studies used relatively simple design 

tasks, more studies with relatively complex design tasks (e.g. including ternary 

relationships) should be conducted to substantiate their findings. 

31A is based on the binary-relationship data model and was developed by Nijssen [1981], Verheijen 

and Bekkum [1982]' and Shoval [1985]. 
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2.4 Automated Database Design 

The growing complexity of data structure and data management has brought about 

the need for a representation of data that is independent of DBMS because it has 

less design constraints (no DBMS constraints) and emphasizes a conceptual aspect. 

The aforementioned semantic data models such as ER and SDM are examples of 

DBMS independent representation. However, Navathe and Gadqil [1982] pointed 

out that the lack of a structured design methodology and the lack of automated 

database design aids are major problems in developing complex databases. Several 

automated database design tools have been developed to aid database designers. 

Those tools are briefly described and compared in this section. 

Non-expert DB Design Tools: Four non-expert DB design systems are described 

in the following, and their characteristics are summarized in Table 2.2. 

DATADICT is a data analysis and logical database design tool [Joo et al., 1984]. 

It consists of two components, Information Systems Planning (ISP) and Structured 

Analysis and Logical Design (SALD). IPS generates an initial corporate data model 

which supports the objectives of the corporation. IPS also identifies a business 

unit data model and an application system data model which provide more opera

tional data. SALD analyzes the application systems that were identified in the IPS 

phase. It reviews and normalizes the data entities, 'identifies business transactions, 

conducts logical database design, and identifies data administration requirements. 

DATADICT is a complete analysis and design tool. It was developed for in-house 

professional use, however. 

Executable Object-Relationship Situation (EaRS) is a system developed by 

Staley and Anderson [1985]. The developers argued that the problem in designing 
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a complex database stems from a lack of a data model which can provide logical 

data independence between the conceptual schema and the logical schema that is 

analogous to the physical data independence of the relational model. They therefore 

developed a data model, called an Object-Relationship-Situation (ORS) model, 

which captures the conceptual information that is used to plan and design for a 

database. ORS is a set-theoretic data model. It recognizes two conceptual entities, 

objects and relationships, and a structural concept, the situation. The situation is 

an organization of objects and relations. ORS was designed based on the following 

criteria suggested by Brodie [1981]: 

(1) Abstraction - ability to represent "reality" in abstract fashion. 

(2) Expressiveness - specification of complex relationships between ob

jects in the world. 

(3) Formality - precise, concise mathematical statement of the proposal. 

(4) Simplicity - fewer modeling concepts. 

(5) Semantic relativism - ability to express the different aspects of the 

same information depending on context. 

(6) Modeling uniqueness - provision of one way of representing each ob

ject and relationship. 

(7) Picturability - possession of visual effects. 

EORS was developed for engineering application databases. 

INformation SYstem DEsigner (INSYDE) [King and McLeod, 1985] ad

dresses the conceptual design phase and provides a medium for translating a set of 

informal user requirements, specified in SDM, into a conceptual schema and a set of 

partially defined software procedures. The tool is not useful for design of a general 

database. Rather, it is oriented toward office systems, where the manipulations 
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of information are at least partially known in advance. INSYDE uses a top-down 

design methodology and is a well designed application specific system, although it 

is still in its experimental prototype stage. The major weaknesses of this system 

are: (1) it covers only the "middle third" of information system design and (2) it 

cannot be used for more general systems where arbitrary data manipulations may 

dominate predictable manipulations. 

Automated Database Design (ADD), a system developed by Berman [1986], 

converts a Semantic Database Model (SDM) [Hammer and McLeod, 1981] to a 

relational schema and then to a network schema. ADD was developed so that the 

end-user can construct all or part of the database specification. The developer 

has argued that the end-user needs only to be sufficiently familiar with his/her 

environment and its data in order to use this system. However, the same developer 

also has stated that the end-user needs to be assisted by a database designer, not 

by ADD system, to specify functional dependencies based on the completed SDM. 

As yet there have been no reports on the use of this system by outside end users. 

Expert DB Design Tools: The next four automated database design tools to be 

discussed in this section all take an expert system approach. Some characteristics 

of expert system tools are summarized in Table 2.3. 

Modular Database Design (MDD) system was mainly developed for main

tenance and redesign of existing databases [Tucherman et al., 1985]. A modular 

database schema consists of a set of modules. A module may be primitive, if it is 

defined without referring to other modules, or derived. A primitive module con

tains relational schema, constraints, operations, and enforcement rules. A derived 

module contains relational schema, constraints, and operations which are mapped 

from other modules. MDD includes an expert system component, called an expert 



41 

Input Output Data Model User Design 
Approach 

DATADICT Mission state· Relational Records Database Top·down 
ment and corpo- schema designers 
rate objectives 

EORS ER diagram Executable con· ORS Engineers Top·down 
ceptual schema 

INSYDE SDM specifica. Conceptual SDM Office workers Top-down 
rions schema and 

software proce· 
dures 

ADD SDM specifica· Network SDM End-user Top-down 
lions schema 

Table 2.2: Automated Database Design Systems 
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helper, that helps the DBA interactively add new modules to an existing database 

schema. An expert helper poses the relevant questions to the DBA using natu

rallanguage interface and utilizes static and dynamic menus to restrict the DBA's 

answers. 

Systeme Expert en Conception de Systemes d'Informations (SECSI) has 

been developed as an integrated intelligent database design tool [Bouzeghoub et al., 

1985]. It generates a semantic network portraying an application. Then, using a set 

of design rules stored in the knowledge-base, it completes and simplifies the semantic 

network until it finally becomes a set of flat normalized relations. SEeSI can accept 

initially incomplete specificationo, and then complete them through interactions 

with the end-user. It also can justify and explain its results. The system is useful 

for design of data structures and integrity rules, but it is of virtually no help for 

the requirements analysis phase. 

View Creation System (VCS) translates information requirements into a set 

of fourth normal form relations representing a view [Storey and Goldstein, 1986]. 

ves assumes that the user is familiar with the information requirements and the 

environment but not necessarily with the database design process. It obtains the 

user's information requirements and a set of functional dependencies through di

alogues with the user. It then generates the user's view, which is a part of the 

real-world relevant to the user, in fourth normal form relationships with the aid of 

its knowledge-base. The domain knowledge stored in the knowledge-base of ves 

was obtEl.ined from various sources, such as database design theory, the ER model, 

normalization theory, expert database designers, etc. Although ves is designed 

to support end-users in designing their views, it has several shortcomings as an 

effective support tool. One major weakness is that the scope of ves development 
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renders it unable to support the requirements analysis phase. Other weaknesses 

stem from the choice of the ER model. In fact, the authors mentioned that: 

The Entity-Relationship Model was used as the basis for the View Cre

ation System because of claims in the litera.ture that the basic concepts 

of this model provide a very natural way of representing a user's in

formation requirements. The testing sessions cast some doubt on the 

validity of these claims. 

Expert Database Design System (EDDS) analyzes instances of the form model 

to derive a conceptual schema. The system focuses on the salient properties of form 

fields, including their hierarchical structure, origin, and cardinality. The rules used 

in the system are divided into six phases: (1) form selection, (2) entity identification, 

(3) attribute attachment (4) relationship identification (5) cardinality identification, 

and (6) integrity constraints. With the aid of the rules, EDDS interactively guides 

a database designer in constructing an ER diagram that represents the collection 

of forms. The obvious strength of this system stems from its bottom-up design 

approach. This approach maximizes the satisfaction of present information require

ments. However, this approach is also a cause of its major weakness, a lack of 

consideration of future information requirements. For an application which has a 

relatively stable information structure, EDDS will be the most effective database 

design support tool. 

2.5 The Integration of Heterogeneous Databases 

McCarthy et al. [1966] addressed the importance of data integration. Over the 

past 22 years, the importance of data integration has increasingly been recognized 
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Input Output DI" Model User Des1an 
Approach 

MDD Specifications Relational Modules DBA Top.down 

of modules schema (records) 

SECSI Application Relational Semantic·~t End·users Bottom·up 

specifications sch~ma 

VCS Functional De· Relational ER model End·users Top·down 

pendencies schema 

EDDS Forms Conceptual ER model Not specified Bottom·up 

schema 

Table 2.3: Database Design Expert System Approach 

as one of the critical issues in an organizational information system where data 

are typically distributed or stored in different locations [Walsh, 1983, Gligor and 

Luckenbaugh, 1984, Heimbigner and McLeod, 1985, Batini et al., 1986, Mohan, 

1986, Chang, 1987]. Although there has been increasing use of database systems in 

which data integration is one of their two properties, the integration of data has been 

one of the most difficult problems to resolve. This is because data integration is a 

multifaceted problem. Mohan [1986J compared several distributed database systems 

with respect to certain features such as fragmentation, query strategy, concurrency 

control technique, data model, etc. The integration problem involving the human 

factor is discussed by Heimbigner and McLeod [1985J. Gligor and Luckenbaugh 

[1984J a.nd Chang [1987J focus on the data communication facet of this problem. 

Rules of integrating relationships from different schemas are studied by Navathe et 

al. [1984J. Data representation problems and different integration approaches are 

described by Batini et al. [1986J. The problems of integration identified by Batini 

et al. [1986] are discussed further in Chapter 7. 

The ultimate integration of data is that of heterogeneous databases because: 

(1) it contains all the problems of data integration, (2) it is a more complex and diffi-
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cult problem, and (3) it is a typical problem in the real world. There are two typical 

approaches to integration of heterogeneous databases: (1) interface integration and 

(2) virtual integration. The interface integration approach emphasizes development 

of a common interface language or a translator module. Tools such as MALPHA 

[Litwin, 1984], Data Constructors [Jarke et al., 1985], Flamingo [Anderson, 1986], 

PRECI* [Deen et al., 1984 and 1987], and Interface Description Language (IDL) 

[Lamb, 1987] are examples of the interface integration approach, which focuses on 

the language and the data communication facets of the integration problem. The 

general architecture of this approach is depicted in Figure 2.1. 

The second approach, virtual integration, emphasizes the semantic data mod

eling facet of the integration problem. With this approach, a system provides a 

global schema, which is the basis for both the local, distributed, DBMS users' 

views and the unified data accessing language. The global schema is a logically in

tegrated view of the data stored in the local databases, but does not require that the 

databases be physically integrated. Dayal and Hwang [1984] studied two such sys

tems, Multibase [Smith, et al., 1981] and Superviews [Motro and Buneman, 1981], 

and suggested a two-step approach to creating a global schema that (1) resolves 

naming conflicts by renaming or defining virtual entity types and functions and 

(2) generalizes to resolve differences in aggregation and data inconsistencies. The 

schema mapping technique is used in UNIBASE [Getta et al., 1984] and Super

views [Motro, 1987] to resolve the problems identified in the two steps. The typical 

architecture of this approach is depicted in Figure 2.2. 

Heimbigner and McLeod [1985] argued that the virtual integration approach, 

also called the composite database approach, has a significant limitation because 

of its centralized nature. They therefore proposed a new approach, called the fed

eration approach, that actually is a variation of the virtual integration approach. 

With the federation approach, a collection of independent database systems are 
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united into a loosely coupled federation in order to share and exchange information. 

The federated database uses an organizational model based on equal, autonomous 

databases in which information is exchanged as the result of negotiation between 

systems. Thus, the federation approach addresses the hwnan factor as a critical 

issue in integration. 

2.6 Summary 

Choosing a data model and its modeling mechanism for a database design is a non

trivial task. Through the literature review in this section, several key factors for an 

effective data model and its modeling mechanism have been identified. The data 

model should: 

1. be able to represent complex relationships 

2. be simple, i.e., include no unnecessary modeling concepts 

3. provide semantic expressiveness 

4. use uniform representation 

5. provide visual effects. 

The modeling mechanism should: 

1. provide a clear design guide line 

2. support structured analysis. 

3. facilitate both top-down and bottom-up design 

4. be simple, i.e., easy to use or to automate 
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Criteria EER RM/T SDM 

Complex Relationships yes yes yes 

Conciseness yes yes yes 

Semantics yes yes yes 

Uniform Representation no yes yes 

Visual Effects yes no no 

Clear Guideline yes yes yes 

Analysis Phase maybe no maybe 

Design Phase yes yes yes 

Ease of Use yes no no 

Error Detection no no no 

Table 2.4: Comparison of Semantic Data Models According to the Criteria 

5. use single representation (a data model) 

6. provide warnings to the user of erroneous designs 

These factors have been used to develop a new semantic data model, Struc

tured Entity Model, and its modeling approach, which are described in Chapter 4. 

The evaluation of three popular semantic data models using the criteria is shown 

in Ta.ble 2.4. 
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Chapter 3 

Methodology 

Runkel and McGrath [1972] identified a three-horned dilemma that must be faced 

by designers of research strategies. An effective methodology must have: 

1. Generalizability with regard to populations. 

2. Precision with regard to measurement, manipulation, and control of behavior 

variables. 

3. Realism with regard to the context within which participants' behaviors are 

observed. 

It is always desirable to incorporate all three of these desiderata. However, 

McGrath et al. [1982, Chapter 3] have pointed out that every method has strengths 

in regard to one desideratum but serious weaknesses in regard to others that are 

equally important. For example, the use of case study as a research method strongly 

supports realism but must make compromises with the other two characteristics. 

For a typical Ph.D. dissertation, it is common practice to use two different types of 

research methodologies that respond to two of the research goals and to compromise 

with the third. For this research, three methodologies have been used in order to 
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minimize compromises. Each of these research methodology is described in this 

chapter. 

3.1 Model Development 

The research process was initiated by developing an appropriate semantic data 

model and its modeling mechanism. This is the main research methodology of this 

dissertation and faces the generalizability desideratum boldly. The development 

process consisted of two phases: model construction and validation. 

3.1.1 Model Construction 

In Chapter 2, necessary criteria for an effective semantic data model and its model

ing mechanism were identified, but no available semantic data models for database 

design were found to satisfy all of the criteria. All record-oriented models were 

eliminated from consideration because they are typically either lengthy or difficult 

for novice designers and end-users to use and to understand. Most diagrammatic 

models were discovered to have network-like structures and two major problems: (1) 

directions of analysis/design are not controllable, Le., weak support for a structured 

analysis/design, (2) a diagram can very easily become messy when many entities 

have relationships with one another. each other. These two problems are non

trivial and cannot be readily overcome All network-like diagrammatic data models 

also were discarded from consideration since they lack the control of analysis/design 

direction and connectivities of data relationships. One type of diagrammatic data 

model, System Entity Structure (SES) model [Zeigler, 1985a, 1986, 1987 and Bela

gus et al., 1980] looked promising. The background of SES is described in Chapter 

4, section 1. 
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SES's tree-like structure provides a strong support for structured analysis/design, 

and its coupling mechanism makes representations of complex relationships simple 

and clear. However, because SES was not developed for a database design, some 

modifications were required. The resulting semantic data model, called Structured 

Entity Model (SEM), differs from SES on the following points: 

1. Additional symbols: single entity and entity class have been added. 

2. Additional representation for complex relationships: n-ary relationships is 

incorporated. 

3. Data modeling guideline are provided. 

4. Diagrams have been simplified by elimination of entity classes and coupling 

of relationships. 

5. Membership classifications include: optional, fixed, and mandatory. 

A detailed discussion of SEM is included in Chapter 4. 

3.1.2 Validation 

In order to validate SEM, components and constructs of SEM were compared with 

those of the Extended-Entity Relationship (EER) model [Teoreyet al., 1986], The 

modeling mechanism of SEM also was validated by comparing it with the Logical 

Relational Design Methodology (LRDM) [Teoreyet al., 1986]. These comparisons 

revealed that the SEM approach and LRDM are fundamentally equivalent, though 

the former has a hierarchical structure and the latter has a network structure. In 

addition to the structural and mechanical comparisons, a proof of fourth normal 

form creation using the SEM approach is also provided in Chapter 4. 
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3.2 Case Study 

VVhen "how" and "why" questions regarding a contemporary phenomenon within 

some real-life context are to be the focus of a study and the investigator has little 

or no control over events, case studies are the preferred research strategy [Yin, 

1987]. This methodology responds to the realism desideratum. A case studied in 

this research was that of logical database design carried out by a group of novice 

database designers for a Phoenix-based company. The case study was designed and 

the results reported according to the strategy specified by Robert K. Yin [1987]. 

The next subsection discusses some case study design and report considerations. 

3.2.1 Components of a Research Design 

Five important components of a case study research design have been described by 

Yin [1987]: 

1. Study questions 

These provide important clues regarding the most relevant research strategy 

to be used. The two questions asked were: 

Ql: How did a group of novice database designers perform 

a logical database design? 

Q2: Why did they perform better using the SEM approach 

in the design review phase? 

These "how" and "why" questions indicated that a case study was an appro

priate strategy to be used. 

2. The proposition 

A proposition guides the investigator in looking for relevant evidence. The 



proposition of this study was: 

A group of novice database designers performed better us

ing the SEM approach than using a network-like method 

in the design review phase because of the features of SEM 

and its approach: ease of use, robustness, uniformity, etc. 

3. Unit of analysis 
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The unit of analysis defines the "case." During a case study, information about 

the primary unit of analysis is collected. The unit of analysis for this study 

was a logical database design process. 

4. Linking data to the proposition 

The proposition of reseru.ch design and research data must be connected. In

formation collected for a unit of analysis was used to support (or deny) the 

proposition. 

5. Criteria for interpreting the findings 

Currently, there is no precise way of setting the criteria for interpreting find

ings [Yin, 1987]. In this study, an interpretation of the findings was reviewed 

by designers and design reviewers. 

3.2.2 Reporting the Case Study 

Because the case study covers an event over time, the case study evidence is pre

sented in chronological order. This type of reporting approach is called a chrono

logical structure [Yin, 1987, page 133]. In this approach, each event in the case 

received an equal amount of attention. 
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3.3 Empirical Study 

The empirical study is one of the research methodologies which maximizes the pre

cision desideratum. Two experiments were conducted to examine the comparative 

effectiveness of the SEM approach and LRDM for novice designers in performing 

logical database designs. In this study, two independent variables were used: (1) 

method type - the SEM approach or LRDM, (2) user type - experience level and 

knowledge level were used to classify users (subjects). Due to circumstances, how

ever, the second independent variable, user type, was not completely controlled, 

which meant that these experiments were conducted in quasi-experimental set

tings. 1 Some of the design considerations are discussed in the following subsections. 

3.3.1 An Experimental Design 

Participation in one treatment, LRDM,. was a part of the Database Management 

course requirements so all the subjects were exposed to LRDM treatment. Under 

these circumstances, the only way to maintain an equivalent treatment level among 

the subjects was also to provide the second treatment, the SEM approach, to all 

subjects. Thus, the design of this quasi-experiment can be represented as: 

X1X20 

where Xl = LR.DM method treatment, X 2 = the SEM approach treatment, and 0 

= observation. 

In this design, an LDD method was randomly assigned to the subjects who 

were to perform LDD, and observations then were made to determine the effects of 

the treatment. 

1 Although these studies are less than rigorously controlled than experimentaietudies, the logic of 

experimental design may still be applied [Mason and Bramble, 1978 and Cook and Campbell, 1979]. 
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Although, a pretest questionnaire was used to determine the homogeneity 

of the subjects, the results were not used to group the subjects. Equal quality 

and quantity of treatments as well as lectures about the methods were provided to 

all subjects. The validity problems which this type of design must deal with are 

described in the following subsections. 

3.3.2 Internal Validity 

Eight different types of threats to the internal validity of research designs have been 

identified by Campbell and Stanley (1963]. 

1. History 

This involves the influence of events that might occur in the time span between 

measurements. This is a major concern if the experimental period is long 

(typically several months or years). However, the entire study reported here 

was conducted within two weeks so the influence of this threat was considered 

to be negligible. 

2. Maturation 

During an experiment, the subjects themselves may change. Like that of "His

tory", the influence of this threat was minimal, due to the short experimental 

period. 

3. Testing 

Taking a test beforehand can cause a person to have a higher score the second 

time because of familiarity with the test. This threat was controlled in this 

study because no subject had had prior experience with a similar task. 
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4. Instrumentation 

When changes in measurement or observation occur during an experiment, 

they can influence the experimental results. The same measurement and ob

servation method was used throughout this study, so there was no instrumen

tation threat. 

5. Statistical Regression 

There is a tendency for groups chosen on the basis of extreme scores (high 

level performers) subsequently to score closer to the average. In this study, 

subjects were randomly assigned a specific method to use at the moment of 

each observation and their scores were kept secret till the end of the entire 

study. This threat therefore did not exist in this study. 

6. Selection 

When groups are systematically different from the start, there is a threat to the 

possibility of comparing them to determine the effects of different treatments. 
I 

A random assignment process minimized the potential of this threat. 

7. Experimental Mortality 

This threat can occur when subjects withdraw from the comparison groups at 

differential rates. Because groups were formed at the moment of observation 

by random selection, this threat did not exist in this study. 

8. Interactions among Factors 

The factors discussed above can operate together to influence experimental 

results. In this study, each of these factors either did not exist or its influ

ences were minimal, so the influence of this threat also was considered to be 

insignificant. 

Internal validity is demonstrated by a positive answer to the question: "Did 

in fact the experimental treatments make a difference in this specific experimental 
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instance?" [Campbell and Stanley, 1963, page 175]. As discussed in this subsection, 

there was no major threat to the internal validity of this study. 

3.3.3 External Validity 

External validity is concerned with the generalizability of the results of the ex

periment. Campbell and Stanley [1963] cite the following four threats to external 

validity: 

1. Reactive or Interaction Effects of Testing 

Treatment effects may not be generalized when there is a pretest which sen

sitizes the subjects to the treatment. Because the results of the pretest ques

tionnaire (see Appendix E) were not used to group the subjects and the ques

tionnaire contained only general questions about the subjects' knowledge and 

experience level for the design task,'the influence of this threat was considered 

to be negligible. 

2. Interaction of Selection and the Experimental Variable 

'rhis threat occurs when subjects are selected who might be unusually suscep

tible to the effects of the experimental variables. This threat always exists in 

experimental settings. An appropriate representation of the population in the 

sample used in the experiment will reduce the effects of this threat. All sub

jects were MIS undergraduate students and most were seniors, i.e., they were 

individuals close to their graduation who could be expected to becom~ novice 

designers in real-life settings. Thus, this group of subjects was considered 

to be reasonably representative of the larger population of novice designers 

in the "real world." In addition, the random assignment process used in this 

study also reduced the possibility of this threat. 
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3. Reactive Effects of Experimental Arrangements 

This threat concerns the setting of the study. Findings observable in the 

laboratory may not be directly applicable to real-life settings. This is always 

a possibility in any laboratory experimental settings. 

4. Multiple Treatment Interference 

When multiple treatments are applied sequentially, subjects are likely to ex

perience cumulative effects. Due to the experimental design of this study, 

this threat existed in this study. Thus, generalization of some findings may 

not be applicable to real-life setting!). However, they can provide valuable 

information for the design of future research. 

The major threat to the external validity of this study was multiple treatment 

interference. Several treatments applied to reduce this threat in are discussed in 

Chapter 6. 
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Chapter 4 

Development of the Structured Entity Model 

4.1 Structured Entity Model (SEM) and Data Modeling 

In view of the lack of an appropriate data model for infological design, Structured 

Entity Model (SEM), evolving from System Entity Structure (SES), was developed 

with the following objectives: 

1. to provide a consistent representation means for capturing data semantics 

throughout the entire lifecycle of database development (uniformity). 

2. to facilitate a top-down approach to data modeling. 

3. to automate the process of data modeling and logical schema design. 

When used for logical database design, SEM exhibits potential as an effective 

design tool. The comparison of three popular semantic data models with SEM using 

the criteria is shown in Table 4.1. In the following subsections, the basic components 

and constructs of SEM are briefly described and the processes of logical database 

design using SEM is illustrated through an example. 
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Criteria EER RM/T SDM SEM 

Complex Relationships yes yes yes yes 

Conciseness yes yes yes yes 

Semanti~s yes yes yes yes 

Uniform Representation no yes yes yes 

Visual Effects yes no no yes 

Clear Guideline I yes yes yes yes 

Analysis Phase maybe no maybe yes 

Design Phase yes yes yes yes 

Ease of Use yes no no yes 

Error Detection no no no yes 

Table 4.1: Comparison of Semantic Data Models Including SEM 
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4.1.1 The Origin of the Structured Entity Model 

Structured Entity Model (SEM) is a frame-based semantic tree originating from 

System Entity Structure (SES). SES is initially developed as a model representation 

scheme for simulation modeling [Belogus et al., 1980]. It has been modified [Zeigler, 

1984, 1985a, 1986, and 1987] and successfully applied in areas such as simulation 

[Zeigler, 1985b, Kim et al., 1988], system design [Rozenblit and Zeigler, 1985], design 

of LANs [Rozenblit et al., 1986], and development of computer assisted education 

systems [Zhang and Rozenblit, 1988] and of intelligent mail systems [Higa and Liu 

Sheng, 1987]. Database system development based on SES is also described by Liu 

Sheng and Higa [1987]. 

System Entity Structures satisfy the following axioms [Belogus et al., 1980]: 

1. Uniformity: All appearances of an entity in the structure have identical 

attached variables and isomorphic substructures. The use of a stamp-coupling 

mechanism [Schneyer, 1984] ensures this condition. 

2. Strict hierarchy: An entity cannot appear more than once along any branch 

of the structure. 

3. Valid siblings: Decomposition of an entity cannot generate identical entities, 

i.e., there is no redundant decomposition. This also guarantees that each path 

from the root to any entity of the structure is unique. 

4. Attached variables: The attached variables of an entity have to be unique 

for the entity, i.e., no repeating group is allowed within an entity. 

The basic differences between SEM and SES were described in Chapter 3, 

section 1, and the representation of relationships by SES was provided in Appendix 

A. Evolving from SES, SEM is developed as an analysis, design, and navigation tool 
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for database applications. Because of its hierarchical structure and decomposition 

process, SEM facilitates accomplishment of the analysis and logical design of a 

database in a structured and top-down fashion and provides improved semantic 

expressiveness. 

4.1.2 Basic Components of SEM 

SEM represents data semantics using entities, attributes, and three types of rela

tionships: aspect, specialization, and multiple decomposition. The diagrammatic 

representations of the basic components in SEM are summarized in Figure 4.1. 

An entity class is a collection of events or objects about which users wish to col

lect and store information. In SEM, entities are represented by frames. However, 

there is a distinction between an entity and an entity class. Projects, employees, 

and equipments are examples of entity classes. Attributes are used to describe en

tities by providing them with descriptive properties such as name, shape, color, 

etc. There are two types of attributes: identifiers and descriptors. An identifier 

uniqnely identifies an entity occurrence, and descriptors describe the state of the 

entity occurrence. SEM also has extended attribute types (e.g., a formula, a rule, 

a procedure, etc.). Relationships represent associations among entities in the real 

world. Semantic meaning of relationships is indicated by the connectivity between 

entities (one-to-one, one-to-many, and many-to-many). Participation of an entity 

in a connectivity may be either optional or mandatory. 

As in SES, relationships in SEM can be categorized as aspect relationships, 

specialization relationships, and multiple decompositions. The three types of rela

tionship are described below. 

1. Aspect 
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COLLEGE 

I 
I I 

IDEPARTMENT I I STUDENTS I 
Figure 4.2: Aspect Relationships 

Aspects describe owner-property or owner-member relationships. An entity 

can be decomposed into the properties and members that belong to it. The 

term "aspect" is adopted by reason of the fact that properties and members 

can be thought of as the aspects of an entity. An aspect decomposition is 

represented by a single vertical link between the "parent entity" and "child 

entities" in SEM diagrams and can be read as "has-a" in the top-down direc

tion or as "is-part-of" in the bottom-up direction. 

A'relationship such as: 

"A college has departments and students" 

can be expressed in the SEM diagram in Figure 4.2. 

2. Specialization (Taxonomy) 

Taxonomic knowledge represents how entities are categorized into subclasses. 

In contrast to other decomposition structures, the taxonomic structure carries 

with it an inheritance principle: the specialization entity inherits the substruc

ture of its generalized superior (parent). Thus, what is true for STUDENT is 
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Figure 4.3: Specialization Relationships 



67 

also true for its special types GRADUATE and UNDERGRADUATE. Con

sequently, a specialization entity has at least the same number of attached 

variables and constraints as its parent. However, the value of each inherited 

variable can be locally initialized. Otherwise, it will assume the default value 

from its parent. In Figure 4.3, all subclasses of STUDENT inherit attached 

variables of STUDENT. 

A specialization entity may have additional properties not shared by its generic 

parent nor by its siblings. Indeed, it is the additional properties that distin

guish one subclass from the others. A taxonomy (specializat.ion) is denoted 

by double vertical lines between the parent and specialization entities in SEM 

diagrams and it should be read as "is-a-kind-of" in the bottom-up direction. 

For example, the fact that 

"Graduate and undergraduate are kinds of student" 

can be described in a SEM diagram as shown in Figure 4.3. 

3. Multiple decomposition 

One feature of the Structured Entity Model is the use of the entity class (mul

tiple entity) concept. For example (see Figure 4.3), STUDENTs is an entity 

class, i.e., it is composed of one or more individual entities of the type STU

DENT. An entity class has to be decomposed into a single entity by multiple 

decomposition (represented by triple vertical lines in an SEM diagram) before 

it is further decomposed. An entity class is mainly used for representation of 

"many" connectivity. 

The type of connectivity (one.·to-one, one-to-many, or many-to-many) between 

two entities, A and B, can be determined by checking both A-to-B and B-to-A 

relationships. For example, if a student takes many courses and the same course 
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is taken by many students, then the relationship between an entity student and 

an entity course is many-to-many. Finally, a multiple decomposition relationship 

decomposes an entity class into individual entities. This decomposition is necessary 

to make the connectivity between entities clear. 

4.1.3 Constructs of SEM 

SEM is constructed by decomposition and coupling. The decomposition process 

generates the structure of an entity, while coupling determines how entities are 

coupled together. Stamp-coupling [Schneyer, 1984] is a coupling mechanism used in 

SEM. After an entity has been defined in the structure, the mechanism couples later 

appearances of the entity with its original definition. As a result, the mechanism 

ensures that an entity will not be decomposed more than once. 

Although, coupling of any combination of entities is possible in an SEM di

agram, a user can determine correctness in coupling by checking the association 

(meaning) of the coupled entities. 

The constructs of SEM are based on the degree and the connectivity of a 

relationship and the membership class according to the classification by Teorey et 

al. [1986] are depicted in Figure 4.4. 

1. Degree of a relationship is determined by the number of entities partici

pating in a relationship. An n-ary relationship is of degree n (e.g., binary and 

ternary relationships are of degrees 2 and 3, respectively). The degree of a 

relationship in SEM is determined from the total ntunber of distinct entities 

(or entity classes) its aspect relationships are involved. 

2. Connectivity of a relationship specifies the mapping of the associated 

entity occurrences in a relationship. Types of connectivity for relationships are 
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"one" and "many." The entity type (an entity or an entity class) determines 

the connectivity of the relationships in SEM. If it is a single entity, then the 

connectivity of relationship is "one", otherwise it is "ma,ny." 

3. Membership class in a relationship specifies whether either the "one" or 

the "many" side in a relationship is mandatory or optional. If an occurrence 

of the entity with connectivity of one is always required for the occurrence 

of the other side entity, then it is mandatory, otherwise it is optional. The 

"many" side of a relationship is similarly mandatory if at least one entity 

occurrence must exist, and is optional otherwise. SEM uses constraints slots 

within an entity (frame) to describe the membership class (see Figure 4.4). 

4.1.4 A Job-shop Example: Construction of the Initial SEM Diagram 

without attributes 

Decomposition in the Structured Entity Model proceeds from the entities at general 

levels to those at more specific levels, beginning with the most general entity "ABC 

Co." in Figure 4.5. This process will be described in the order of the level at which a 

decomposition takes place. Note that the level nwnber starts with 0 at the highest 

level and increases in top-down direction. 

Level 0: EMPLOYEEs, SUPPLIERs, PARTs and PROJECTS are the members 

(aspects) of the ABC Co. entity that are relevant at this level. Thus, aspect 

decomposition implied by the single vertical line in Figure 4.6 is employed for 

ABC Co. to produce EMPLOYEEs, SUPPLIERs, PARTs and PROJECTS 

entities. 

Levell: EMPLOYEEs, SUPPLIERs, PARTs and PROJECTs are entity classes 

and have to be decomposed into single (type) entities before further dec om-
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Entity 

Figure 4.6: Job-shop Aspect Decomposition 

position. Multi-decomposition (denoted by triple vertical lines) hence takes 

place (see Figure 4.7). 

Level 2: Depending on an EMPLOYEE's position, the EMPLOYEE can fall 

into a subclass - MANAGER or ACCOUNTANT. Such a phenomenon is 

depicted by the specialization decomposition (taxonomy) of an EMPLOYEE 

(see Figure 4.8). 

A project has one manager and one accountant. A manager works for exactly 

one project. However, an accountant can work for more than one project. 

Hence, there is a one-to-one relationship between PROJECT and MANAGER 

and a one-to-many relationship between ACCOUNTANT and PROJECT (see 

Figure 4.9). 

A supplier carries many types of PARTs and each part type can be carried 

by more than one supplier. Hence the relationship between SUPPLIER and 

PART is many-to-many (see Figure 4.10). 
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Figure 4.8: Job-shop Specialization Decomposition 
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Figure 4.11: Ternary Relationships 

There is a ternary relationship among PROJECT, SUPPLIER, and PART. 

Each project uses multiple parts. Multiple suppliers can supply parts to any 

project, given a project and a part type, however, there is exactly one supplier 

(see Figure 4.11). 

If an entity has appeared elsewhere in the SEM, a coupling relationship is 

established between the two identical entities by a stamp-coupling mechanism. In 

the job-shop example, coupling relationships can be identified by multiple appear

ances of MANAGER, ACCOUNTANT, PART, SUPPLIER, and PROJECT entities 

(Figure 4.16). 

4.1.5 Logical Database Design Process: SEM Method 

The logical database design processes of the SEM method are by no means strictly 

sequential. During the actual analysis and design process, each step of the de

sign process will be used iteratively. The logical database design processes of the 
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SEM method within the scope of this dissertation are provided in Figure 4.12. In 

Figure 4.13, a general design process using SEM is described. The SEM method 

performs the infological design of a database and completes the transfommtion of 

the resulting SEM diagram into a 4NF relational schema for the datalogical design. 

The design process for a relational database was chosen because of its popularity. 

The transformation of a diagrammatic representation of an infological design 

into a relational schema for datalogical design requires converting entities and rela

tionships into relations by SEM. The transformation processes of relations by SEM 

are described in the following. 

One-to-one relationship: The identifier of an entity having a "one" connec

tivity in this relationship is copied into the other entity as a foreign key. This 

process may proceed in both directions of the relationship. For example, there is 

a one-to-one relationship between PROJECT and MANAGER (Figure 4.14) and 

thus PROJECT's identifier, P .ID, appears in the MANAGER entity as a foreign 

key, and MANAGER's identifier, Mgr.ID, appears in the PROJECT entity as a 

foreign key. 

One-to-many relationship: The identifier of the entity with a connectivity of 

one is copied into the other entity as a foreign key. For example, there is a one-to

many relationship between DEPARTMENT and EMPLOYEE (Figure 4.14), and 

thus, DEPARTMENT's identifier, Dept.ID, appears in EMPLOYEE as a foreign 

key. 

Many-to-many relationship: The relationship between entities becomes an 

intersection record (a binary aspect entity). The identifiers of both entities are 

copied into the intersection record to form an identifier (a composite key). For 

example, there is a many-to-many relationship between SUPPLIER and EQUIP

MENT (see Figure 4.14), and this relationship becomes an intersection record whose 
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• Step 1: Identify the most general entity and decompose it into more specific 

entities by means of attributes. The decomposition process stops when no 

entity is further decomposable or when further decomposition is meaningless. 

• Step 2: Identify the relationships between entities. This step has to be 

done simultaneously with step 1, i.e., every time decomposition occurs, the 

relationship between the parent and the child entity must be identified. 

• Step 3:* Integrate multiple views of entities, attributes and relationships. 

This step is required only if the database is large and each user view is devel

oped independently. 

• Step 4: Transform each entity into a relation. Each relation contains the key 

and non-key attributes of the entity. 

• Step 5: Transform every many-to-many binary relationship into a relation

ship relation: The relation contains the keys of the entities and the attributes 

of the relationship. 

• Step 6: Transfonn every ternary relationship into a relationship relation. 

After each transformation (step 4 to step 6), relationships will be eliminated 

from the SEM diagram to make the end result diagram as simple as possible. 

* this step is addressed as a future research ill Chapter 'I. 

Figure 4.13: Logical Database Design Process of SEM 
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identifier is a composite of SUPPLIER's identifier, SJD, and EQUIPMENT's iden

tifier, EqpJD. 

Ternary relationship: The relationship between three entities becomes an in

tersection record (a ternary aspect entity). Identifiers of the three entities which are 

participants in the relationship are copied into the intersection record as an identifier 

or a foreign key. There are four possible situations for this type of relationship. 

1. Any combination of two identifiers of participating entities to this ternary 

relationship can uniquely identify the remaining entity. In this case, any two 

identifiers copied from the three entities can form a composite key, and the 

other copied identifier becomes a foreign key. 

2. When no combination of two identifiers can determine the status of the re

maining entity, all three copied identifiers together form a composite key. 

3. Only one combination of two copied identifiers can identify the other. It this 

is the case, the two copied identifiers become a composite key, and the other 

copied identifier is a foreign key. 

4. Two combinations of two copied identifiers can determine the value of the re

maining entity. In this case, one of the two combinations becomes a composite 

key, and the remaining copied identifier becomes a foreign key. 

For example, there is a ternary relationship between PROJECT, ENGINEER 

and ENGINEER'S MANUAL (Figure 4.15); P JD and EngrJD form a composite 

key of this entity, and EMJD is copied as a foreign key. 

Using SEM, the designer does not have to know functional dependencies 

among entities prior to the infological design. In addition, when using the SEM 

method, designers have several opportunities to discover an erroneous representa

tion of a ternary relationship when the entities involved are decomposed separately, 
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because a ternary relationship can be represented in more than one way by SEM. 

This point is illustrated in Figure 4.14 and Figure 4.15. Even if the ternary rela

tionship among PROJECT, PART and SUPPLIER is not realized while a designer 

is examining the relationship::; involving PROJECT entity for the job-shop example 

(Figure 4.5), one more chance to discover it is available when the PART entity is 

under consideration for decomposition or in other types of relationships. The same 

kind of robustness property of the SEM method is also exhibited in treating binary 

relationships. 

In light of its stronger support for the desirable features of uniformity and 

robustness, the SEM method has potential as an effective design and communication 

(documentation) tool for users. In the following subsection, the process of attaching 

attributes to entities during the design phase is described. 

4.1.6 Attaching Attributes to Entities in SEM 

The goal of relational database design is to reduce data redundancy and inconsis

tency in the relations. Specifically, given an initial table of all the data attributes 

to be included in the database and the functional dependencies existing among the 

attributes, the normalization method [Codd, 1970, and Date, 1981] applies normal

ization rules in steps so that at every step more "simple" relations are produced 

until the resulting relations (tables) are in 4th normal form. 

4th Normal Form (4Nl'): 

• Each relation has a primary key which consists of one or more attributes. The 

value of the primary key uniquely identifies the corresponding record (tuple) 

in the relation . 

• Every non-key attribute functionally depends on (i.e., is determined by) the 
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entire key and not on part of it . 

• No non-key attribute depends on any other non-key attribut~ in the same 

relation. 

The process of attaching attributes to entities in SEM is described below: 

Let E = a target entity, ai = i th attribute of E, 

C = a set of candidate keys, ci = i th attribute of C, 

D = a set of determinants in E, di = i th attribute of D, 

N = E - D = a set of non-determinant attributes, 

ni = i th attribute of N, 

D' = D - C = a set of non-candidate determinants, 

d'i = i th attribute of D', E = {D, N} = {C, D', N}** 

** if all the elements of C, D, and D' are atomic. 

Attaching attributes in the conceptual schema design phase: The result of 

this phase is an initial SEM diagram with attributes (see Figure 4.16). 

Step 1. Attach attributes to a single entity: 

1. Collect all relevant attributes for a target entity. 

2. Identify all determinants. A determinant is an attribute or a set of attributes 

on which any other attribute is functionally dependent, i.e., 

attribute ai is a determinant 'd' if ai --. aj : i ¥- j 
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3. Determine candidate keys (identifiers) from a set of determinants (D). A 

candidate key is an attribute or a set of attributes on which all other attributes 

are functionally dependent, i.e., 

determinant di is a candidate key 'c' if di -. dj : for all j :/= i 
AND 

di -. nk : for all k, nk E N 

4. Eliminate all attributes which are functionally dependent on any non-candidate 

determinant, i.e., 

attribute ai is eliminated from E if 

d'j -. ai : for all j and d' j =/=ai 

The resulting E is in 4NF since ci -. aj : for all j 

AND 

ai ft aj : for all j and ai rt c 

Eliminated attributes may belong to some other entity. 

5. Choose a primary key 'p' from C. Any element of C can be a primary key 

of E. Each attribute of an entity in the SEM is functionally dependent on 

its primary key, e.g., title and starting_date are functionally dependent on 

empJd. Furthermore, every attribute is not functionally dependent on other 

non-key attributes of the same entity, as indicated by Step 1.4 for attaching 

attributes. Hence, relations generated according to the first rule of the schema 

generation are in 4NF. 

Step 2. Attach attributes to a specialization entity: 

1. Collect all relevant attributes for a target entity. 
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Figure 4.17: A Final Diagram by SEM 

2. Add the primary key of the parent entity. The primary key of an entity is also 

the primary key of its specialization entities. Consequently, the attributes 

of a specialization entity are functionally dependent on the primary key of 

its parent, e.g., the attributes of MANAGER are functionally dependent on 

empJd. Thus, adding the primary key of the parent of a specialization entity 

to its relation will not violate 4NF. 

3. Process Step 1.4 for the target entity. 

Attaching attributes in the logical schema design phase: The result of this 

phase is a final SEM diagram (see Figure 4.17). 

Step 3. Take care of one-to-one relationships: 
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Suppose there is a one-to-one relationship between two entities, El and E2. 

Then, El copies p2 (E2's primary key) and E2 copies pl (El's primary key), i.e., 

El = {Cl,Dl',Nl, p2} and E2 = {C2,D2',N2, pl} 

Both El and E2 are still in 4NF since pl -. p2 and p2 -.pl 

Step 4. Take care of one-to-many relationships: 

Suppose there is a one-to-many relationship between two entities, El and E2. 

Then, 

1. El (one-connectivity side) copies p2 (E2's primary key), i.e., 

El = {Cl,Dl',Nl, p2} and E2 = {C2,D2',N2} 

2. Eliminate all attributes which are functionally dependent on p2 in El, i.e., 

attribute ai is eliminated from El if p2 -. ai : ai E El 

3. Copy the eliminated attributes from El into E2, then process Step 1.( d) for 

E2. 

Step 5. Take care of many-to-many relationships: 

Suppose there is a many-to-many relationship between two entities, El and 

E2. Then, 

1. Form an intersection record (a binary aspect entity). The primary key of the 

aspect entity is a composite of pl and p2, i.e., 

Let B = a binary aspect entity 

(pl, p2) = a non-ordered pair 

then, 

(pl, p2) is a primary key of B. 



2. Collect all relevant attributes for B such that 

(pI, p2) -+ ai : for all i 

3. Process Step 1.4 for B. 

Step 6. Take care of ternary relationships: 
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Suppose there is a ternary relationship between three entities, El, E2, and 

E3. Then, 

1. Form an intersection record (a ternary aspect entity). Primary keys of the 

three entities are copied into the aspect entity. The primary key of the aspect 

entity is constructed in the following manner: 

If any combination of two copied primary keys can determine the remaining 

key, then any combination of two from pI, p2, p3 can be a primary key, 

i.e., 

Let T = a ternary aspect entity resulting from the ternary relationship 

among El,E2, and E3. 

Then, C of T ={(pl,p2), (pl,p3), (p2,p3)}. 

Any element in C can be a primary key of T. 

If no combination of two copied primary keys can determine the remaining 

key, then the three together (pI, p2, p3) can be a primary key, i.e., 

C of T = {the primary key of T} = {(pI, p2, p3)} 

If two combinations of two copied primary keys can determine the remaining 

key, then either of the two combinations can be a primary key, i.e., 

Let (pl,p2) -+ p3 and (pl,p3) -+ p2 

Then, C of T ={(pl,p2), (pl,p3)}. 

Any element in C can be a primary key of T. 
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If only one combination of two copied primary keys can determine the re

maining key, then that combination of two can be a primary key, i.e., 

Let (pl,p2) -+ p3 

Then, C of T = {the primary key of T} = {(pl,p2)} 

2. Collect all relevant attributes for T such that ci -+ aj : for all i,j 

3. Process Step 1.4 for T 

4.1.7 A Job-shop Example: Construction of the Final SEM Diagram 

The attributes in SEM can be determined according to a top-down or bottom-up 

approach. The top-down approach begins with higher-level entities and systemat

ically describes each entity by means of its associated attributes. The bottom-up 

approach, on the other hand, assumes that the attributes of interest have been 

determined at an earlier stage of system analysis and assigns each of the given at

tributes to the entities to which it belongs. The two approaches, however, can be 

applied together to determine attributes. For example, the bottom-up approach 

can be employed first, then followed by the top-down approach or vice versa. 

The following observations summarize the considerations in data modeling 

using SEM: 

1. A Structured Entity Model is developed by describing the properties of system 

entities from general to specific with aspect and specialization decomposition 

as well as with attributes. 

2. Each entity class (an entity that represents multiple objects in itself) has to be 

decomposed into single (type) entities before its substructure can be derived. 

3. The decomposition of entities continues until 
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PROJECT ACCOUNTANT 

• P_ID = OOA • AccCID = A01 

I I 

MANAGER PROJECT PROJECT 

• Mgr_ID = M10 .P_ID = OOA .P_ID = OOB 

(a) Single instance (b) Multiple instances 

Figure 4.18: Multiple Instances of a Single Entity 

(a) the entity is not decomposable, 

(b) further decomposition is no longer relevant or 

( c) the entity has appeared elsewhere in the structure. 

4. The distinctions between aspect entities (entities from aspect decomposition) 

and attributes of an entity are: 

(a) Aspect entities can have multiple instances while each attribute has only 

a single value. For example, the SEM in Figure 4.18 indicates that one 

accountant, AcctJD = 001, can work for multiple PROJECTs. 

(b) The value of any attribute cannot be determined by other non-key vari

able(s). For example, the attributes -' title, wage and starting_date of 

EMPLOYEE in Figure 4.16 imply that wage is not determined by title, 

starting_date or both. As an opposite example, if employee's wage is de

termined by the title, then title as well as other related att~ibutes should 

become the attribute of an aspect entity of EMPLOYEE, for instance, 

POSITION. 
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(c) On the other hand, specialization entities (entities from specialization 

decomposition) are differentiated from attributes of an entity by whether 

the specialization entities of the same entity have different attributes or 

substructures. For example, MANAGER is treated as a specialization 

entity in the job-shop example (see Figure 4.17) because it has its own 

attributes. If there's no difference between the substructures and the 

attributes of specialization entities, such as ACCOUNTANT in Figure 

4.16, they should be eliminated and the attribute, "title," as well as 

other associated attributes of EMPLOYEE, will indicate such subclass 

information. 

It is worth noting that an SEM diagram can be further simplified by elim

inating multiple decompositions and allowing entities to have substructures and 

attributes. The simplified SEM diagram for the job-shop example is depicted in 

Figure 4.17. In this diagram, all required relations are represented as entities, and 

each entity is already in 4NF . 

. 4~2 Comparison of the LRDM and the SEM method in Modeling Con

structs and Logical Database Design 

Logical Relational Design Methodology (LRDM) was chosen for comparison with 

the SEM method because it uses the popular diagrammatic data model, the Ex

tended Entity Relationship (EER) model. BackgrOlmd for LRDM and EER was 

presented in subsection 2.2 of Chapter 2. 

When used for logical database design, either LRDM or SEM exhibits poten

tial for effective use by end users. Although the models have some similarities, their 

design processes are quite distinctive, a result of unique features of each. In this 

section, the basic components and constructs of LRDM are briefly described and 
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compared with those of SEM, and the processes of logical database design using 

these models are illustrated through an example. 

4.2.1 Basic Components of LRDM 

LRDM uses four basic components to represent the semantics in a database system: 

entities, attributes, relationships, and category abstractions. An entity set is a col

lection of events or objects about which users wish to collect and store information. 

LRDM separates entities into strong and weak entities by the "strengt.h" of their 

identifying attributes. If the existence of an entity occurrence is uniquely deter

mined by the internal identifier, then the entity is a strong entity. If the existence 

is determined by the identifiers from its parent entities, then the entity is a weak 

entity. However, LRDM does not distinguish between an entity and an entity class 

(a collection of similar entities). On the other hand, an entity and an entity class 

are distinguished in SEM. Attributes are used to describe entities by providing them 

with descriptive properties such as name, shape, color, etc. There are two types 

of attributes: identifiers and descriptors. An identifier uniquely ide'ntifies an entity 

occurrence, and a descriptor describes the state of the entity occurrence. In LRDM, 

each attribute is strictly a single value type, e.g., an integer, a real number, a char

acter, a string, etc. Attributes in SEM are the same as in LRDM except that SEM 

also has extended types (e.g., a formula, a rule, a procedure, etc.). Relationships 

represent the associations among entities in the real world. Semantic meanings of 

relationships are indicated by the connectivity between entities (one-to-one, one-to

many, and many-to-many), and the participation of an entity in a connectivity may 

be either optional or mandatory. The category abstraction consists of two subsets, 

overlapping subset (the subset hierarchy) and nonoverlapping subset (the general

ization hierarchy). Both subsets will transform equivalently to a relation, but they 

will differ significantly in terms of update constraints. The diagrammatic represen-
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tations of the basic components in LRDM model are summarized in Figure 4.19. 

The constructs of LRDM and SEM have been compared based on the degree 

and the connectivity of a relationship according to the classification by Teorey et 

al. [1986]. A summary of the diagrammatic representation of the LRDM construct 

features is provided in Figure 4.20. 

1. Degree of a relationship: This is determined by the number of entities 

that participate in a relationship. An n-ary relationship is of degree n (e.g., 

binary and ternary relationships are of degree 2 and 3, respectively). An 11-

sided polygon is used in the LRDM diagram to represent an n-ary relationship 

for n > 2. The degree of a relationship in SEM is determined from the total 

number of distinct entities (or entity classes) that participate in the aspect 

relationships involved. (See an example in Figure 4.20 and Figure 4.4.) 

2. Connectivity of a relationship: This specifies the mapping of the asso

ciated entity occurrences in a relationship. Types of connectivity for rela

tionships are "one" and "many." The LRDM diagram in Figure 4.20 uses a 

shaded corner to denote "many" and an unshaded corner to denote "one." 

The entity type (an entity or an entity class) determines the connectivity of 

relationships in SEM. If it is an entity, then the connectivity of relationship 

is "one", otherwise it is "many." 

4.2.2 LRDM and the SEM method in Logical Database Design 

Both LRDM and the SEM method can be used to design any of the commerciaJly 

available databases (hierarchical, network, and relational). However, the relational 

model was chosen for this study due to its popularity for database applications. 

The logical database design processes of LRDM and of the SEM method are by no 
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means strictly sequential. During the actual analysis and design process, each step 

of the design process will be used iteratively. The logical database design processes 

of LRDM as described by Teorey et al. [1986] and of the SEM method are provided 

in Figure 4.21 and in Figure 4.13, respectively. Both tools perform the infological 

design of a. database and complete the transfonnation of the resulting diagram into 

a 4NF relational schema for the datalogical design. 

Examples of completed diagrams based on LRDM and SEM are provided in 

Figure 4.22 and Figure 4.16. In these figures, ABC company's project-oriented 

structure and information needs are illustrated. Each project of this company has 

exactly one manager and one accountant. Although every manager manages only 

one project, every accountant can work for multiple projects at the same time. Each 

project uses multiple parts. Multiple suppliers can supply parts to any project, 

given a project and a part type, however, there is exactly one supplier. The price 

of each part is determined by the supplier of the part. The relations based on these 

diagrams are also provided in Figure 4.23. 

The transformation of a diagrammatic representation of infological design into 

a relational schema for datalogical design requires conversion. of entities and rela

tionships into relations by either LRDM or SEM and the transformation processes of 

relations are very similar. Thus, the transformation process described in subsection 

4.1.4 is also applicable to LRDM. 

4.2.3 Qualitative Assessment Comparison of SEM and LRDM for Log

ical Database Design 

A database design tool cannot guarantee the correctness and the completeness of 

a logical database design because its use must to be complemented by creative 

thinking on the part of the user. However, an effective design tool should exhibit 
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• Step 1: Classify entities and attributes. 

• Step 2: Identify the generalization hierarchy and subset hierarchy. 

• Step 3: Define relationships; degree, connectivity, membership class and 

attributes. 

• Step 4 Integrate multiple views of entities, attributes and relationships. 

• Ste~ 5: Transform each entity into a relation. Each relation contains the key 

and non-key attributes of the entity. 

• Step 6: Transform every many-to-many binary relationship into a relation

ship relation. The relation contains the keys of the entities and the attributes 

of the relationship. 

• Step 7: Transform every ternary relationship into a relationship relation. 

• Step 8: Normalize the relations to reduce redundant relations and to make 

each relation 4NF. This step is actually based on the normalization theory. 

Figure 4.21: Logical Database Design Process of LRDM 
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Figure 4.22: An LRDM Diagram 
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Figure 4.23: Defined Relations for The Job-shop Example 
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the ability to improve the quality of designs. Specifically for novice designers, such 

an ability can be obtained by incorporating the following desirable features into 

design tools: 

1. Clear design guidelines; 

2. Simplicity (i.e., ease of use); 

3. Uniformity (i.e., use of one semantic representation); 

4. Robustness (i.e., providing warnings to and allowing recovery from erroneous 

designs). 

It can be seen from the design processes employed in using both the LRDM 

approach (Figure 4.21) and the SEM method (Figure 4.13) that both methods show 

evidence of possessing the first two features listed above. However, LRDM does not 
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conform to the uniformity requirement of an effective design tool since it uses func

tional dependency as the second semantic representation for the infological design 

(see step 8 of Figure 4.21). the SEM method, on the other hand, does not rely on 

the knowledge of functional dependences in the database system to complete the 

infological design. In addition, LRDM is weak in robustness because the ER or 

the EER model not only is prone to human errors but also fails to provide ade

quate warning of an erroneous design [Lien, 1981]. For example, in Figure 4.22 and 

Figure 4.16, a ternary relationship between the entities, PROJECT, PART, and 

SUPPLIER is shown. However, this relationship can easily be misinterpreted by 

novice designers using LRDM to be a pair of binary relationships (see Figure 4.24). 

When this type of erroneous design occurs, LRDM has no means of making the de

signer realize the mistake. However, designers using the SEM method are provided 

with several opportunities to discover an erroneous representation of a ternary re

lationship when the entities involved are decomposed separately, because a ternary 

relationship can be represented in more than one way by SEM. This point is illus

trated in Figure 4.25. Even if the ternary relationship among PROJECT, PART 

and SUPPLIER is not realized while a designer is examining the relationships in

volving PROJECT entity for the job-shop example (Figure 4.16), one more chance 

to discover it is available when the PART entity is under consideration for decom

position or in other types of relationships. The same kind of robustness property 

of the SEM method is also exhibited in treating binary relationships. 

In light of its stronger support for the desirable features, uniformity and ro

bustness, the SEM method has the potential to be a more effective design tool 

for novice designers than LRDM. To compare the effectiveness of both models for 

logical database design by end users, a series of experiments were performed. The 

design of these experiments is described and the results are analyzed in Chapter 6. 
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Figure 4.25: A Ternary Relationship Representation by SEM 
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In this chapter, the use of the SEM method for a logical database design review is 

illust,rated through a case study. This case is based on a group project MIS under

graduate students performed for a "Database Management" class in the spring of 

1988. A group of students contacted a recruiting company headquarters in Phoenix, 

Arizona, and received permission to study the company's operations and design a 

database system for the company. The students, who are referred to as database de

signers throughout the rest of this chapter, used techniques described in [MacFadden 

and Hoffer 1986, chapters 7 & 8] to construct an enterprise model and a conceptual 

data model of the company's Phoenix office. Although, the actual group project 

implemented a prototype database system for the company, this chapter describes 

only the logical database design phase of the project, in which the SEM method 

actually was used. 
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5.1 Background 

The Phoenix Recruit Company (PRC)1 is currently conducting business in Phoenix, 

and 16 other major cities in the west. PRC works as an intermediary between 

employers looking for a temporary work force and job applicants. Currently PRC's 

Phoenix office processes an average of 3,000 job orders each month, 2,000 from 

local employers and 1,000 from non-local firms, called "national employers." The 

company also processes about 4,000 job applications each month. 

The Phoenix office charges $ 50.00 and $ 10.00 to handle each job order andjob 

application, respectively. Office representatives select multiple applicants qualified 

for each position and recommend them to prospective employers. If an employment 

agreement (a contract) is made between an employer and an applicant as a result of 

the recommendation, the office receives a commission fee, 4 % of the total amount 

the employer agrees to pay for the service rendered by the applicant during the 

contract period. Three-quarters of the commission fee is paid by the employer and 

the rest by the applicant. 

PRC's volume of transactions is increasing by 10 % annually. In addition to 

this steady yearly increase, PRC is planning to expand its business territory into 

the mid-west. The expansion pia.. includes seven new branch offices which together 

are expected to bring an additional 700-1,000 national job orders to be processed 

at PRC's other local offices. 

Currently, all data PRC works with are processed manually or electronically 

and stored in flat files. However, PRC's chief executive officer (CEO) feels the need 

for data sharing and data integration, i.e., use of a database. Hence, when the 

project group leader contacted the CEO, he gave permission to use the Phoenix 

1 Because I could not get permission to use the company's real name, "Phoenix Recruit Company 

(PRC)" is used as the company's fictional name throughout this chapter. 
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office as a test site to implement a prototype database system. 

The following section describes major business functions of the office and 

constructs of the enterprise model and of the conceptual data model as well as the 

relational schema defined from the data model. 

5.2 Preliminary Design 

The operational processes of the Phoenix office were analyzed in chronological order. 

The following steps describe the analysis and the preliminary design of the logical 

database for the office. Process flowcharts were drawn for the first three steps (the 

analysis of the operational process steps). 

Step 1. Identification of inputs: 

There are two sources of input to the office, employers and applicants. Em

ployers are of two types, local employers and national employers, but they differ 

only in location, e.g., if the employer (the company) is located in the Phoenix area, 

it is considered a local employer; otherwise it is designated a national employer. 

Employers 

r-----t~ 
Office 
Represen,tatlves 
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Employers place job orders (see Appendix B), which are assigned to the ap

propriate office representative by the Phoenix office. Job orders receiyed from the 

same employers ordinarily are handled by the same office representative. Each job 

order has one job description and may include multiple vacant positions. Job orders 

are categorized by industry, e.g., banking, automobile, medical, etc., and then by 

type of the job, e.g., application programmer is a software job type. Applicants file 

application forms (see Appendix C), along with their resumes, with the office. All 

applicants are categorized by industry, skills, and qualifications. 

Step 2. Analysis of selection process: 

For each vacant position in a job order, the office representative selects mul

tiple applicants, based on their qualification for the position. Data concerning all 

applicants are obtained from the Phoenix office. If the job order is placed by a local 

employer, then the office representative directly contacts the person whose name 

and telephone number are listed on the job order form and sends the resumes of 

selected applicants, with recommendations, to the contact person. If the job order 

is placed by a national employer, then the resumes and recommendations are sent 

to the apprQpri~te branch offices through the Phoenix office. 

Oth er 
Offices 

recommendation 
'ob orders 

recommendation 

Local 
Employers 

rllcommendation 

Office 
t-===:.........;;==-I~R e pre sen ta ti v e 

application 
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write 

copies 
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When there is a shortage of qualified applicants for a local job order, the office 

representative requests the Phoenix office to distribute the job order to the other 

branch offices as a national employer's job order. If another office has qualified 

applicants for the position, their reswnes and recommendations of a representative 

from that office will be sent to the appropriate Phoenix office representative. 

Step 3. Analysis of transaction completion process: 

From among the qualified applicants recommended by the office representa

tive, the employer selects one applicant for each position and sends a job offer form 

(see Appendix D) to the Phoenix office. That office then sends a copy of the form 

to the appropriate office representative, who notifies the applicant of a job offer. An 

applicant may receive multiple job offers, but he/she can accept only one job offer 

for the same or an overlapping contract period. Upon completion of the transaction, 

i.e., acceptance of the job offer by the applicant, both parties pay commission fees 

to the Phoenix office. 
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:one 

:many 

Figure 5.1: The Enterprise Model of the Phoenix Office 

Step 4. Construction of an enterprise model: 

An enterprise model which consists of entities and their interrelationships was 

built based on the previous three analysis steps. Other branch offices were not 

defined in the model as entities since only the Phoenix office has an interest in 

the information about national employers. A national employer was defined as an 

entity. A resume also was identified as a separate entity, since copies of a resume 

are made for available positions and are sent to employers. The enterprise model 

for the Phoenix office is shown in Figure 5.1. 
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Step 5. Creation of a conceptual data model: 

First, intersection records were created for many-to-many relationships in the 

enterprise model as shown in the following diagram. 

~:one 

~:many 

Then the conceptual data model (see Figure 5.2) is constructed by attaching 

attributes to each entities. When it is completed, each entity of the model has to 

be at least in the third normal form [MacFadden and Hoffer, 1986, pp 276-279). 

Step 6. Presentation of the preliminary design: 

The conceptual data model is presented to a group of users, consists of the 

CEO, the Phoenix office manager, and a seruor office representative. The users 
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Figure 5.2: The Conceptual Data Model of the Phoenix Office. 
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accepted this data model. Hence a set of relations are defined from the data model 

using the normalization method: 

OFFICE( office_num, location, address, phone, fax) 

REPRESENTATIVE(rep.lD, office_num, name, phone) 

LOCAL(lem.lD,lem-name,lem..addr,lem_phone,lem_contact,repJD) 

NATION AL( nem.lD,nem-name,nem-.addr ,nem_phone,nem_contact, rep_ID) 

J 0 B(jo b_num,job_description, title,num_of_posi tion, repJD, empJD ,empJocation) 

CONTRACT( contract_num,offer_num,appJD,status) 

OFFER( offer _num,location,period,pay, benefits,job_ID, app_ID) 

VACANT(job_num, app.lD,date) 

APPLICANT( app.lD,name,address,phone,contact, office_num, contraci-num) 

RESUME( resume_n um, app_ID,degree,experiences,licenses, .... ) 

Note: Primary keys are shown in boldface, foreign keys in italic. 

5.3 Design Review Process 

Following the design review methodology for a database environment described in 

[Inmon and Friedman 1982], a design review committee which consisted of two 

database designers, one senior office representative, and the Phoenix office man

ager was formed. The objective of this committee was to review and evaluate the 

preliminary design in terms of the following cri teria: 

• Correctness: Does the data model represent the associations among entities 

correctly? 

• Completeness: Does the data model contain all data required for the office 

operation of the interests? 
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• Minimal redundancy: Are all redundant data necessary ones, i.e., do they 

exist in order to improve the performance? 

Step 1. Review of the analysis process: 

The analysis process, the first three steps of the preliminary design, was re

viewed by the committee. Its members first evaluated the information sources 

(what, where, and how) used for the analysis steps. Then the interpretation of in

formation by the database designers, represented by diagrams provided in the first 

three steps of the previous section, was reviewed. The completeness and the cor

rectness of the diagrams were checked by using the company's operational manual 

and the knowledge of two user committee members. As a result of this review, the 

first three steps were found satisfactory by the committee. 

Step 2. Creation of the relations using an alternative method: 

In order to review step 4 and step 5 of the previous section, various office forms 

related to the operation were used. The relations defined in the previous section were 

compared with those forms. The comparison indicated that the relations satisfied 

data needs of the office forms. Because this comparison evaluated the completeness 

of the relations but not the correctness and the efficiency, the committee used an 

alternative semantic data modeling methodology, the SEM method, to evaluate 

correctness and efficiency. Using the SEM method, a set of relations were defined. 

Differences between the resulting relations and the previously defined relations were 

studied by the committee. 

The initial SEM diagram was then constructed (see Figure 5.3). Three rela

tionships were defined differently than in the previous design: 
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PRC 

Representative Employer Applicant 

Representative Employer Applicant 

Figure 5.3: The Initial SEM Diagram for the Phoenix Office 
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1. LOCAL and NATIONAL EMPLOYER entities were defined as specializations 

of an EMPLOYER entity. 

2. The relationship between an APPLICANT entity and a RESUME entity was 

defined as one-to-one, because only one original resume exists for each appli

cant regardless of the number of (resume) copies made. 

3. A relationship was defined between a VACANT entity and an APPLICANT 

entity instead of between a VACANT entity and a RESUME entity in view of 

the fact that applicants, not resumes, are selected and apply for job positions. 

Step 3. Comparison and modification of the relations: 

Attributes were attached to each entity in Figure 5.3, and the diagram was 

simplified to the final SEM diagram (Figure 5.4). 

In Figure 5.4, each entity corresponds to a relation. These relations were 

compared with the previously defined relations. The relations that were defined 

differently from the previous relations are listed below: 

EMPLOYER( empJD, emp..name, emp_addr, emp_phone, emp_contact, empJocation, 

repJD) 

JOB(job_num, job_description, title, num_of-position, , empJD) 

APPLICANT(appJD, name, address, phone, contact, degree, experiences, licenses, .... , 

office_num, contract-num) 

Note: Primary keys are shown in boldface, foreign keys in italic. 

The committee found that the newly defined relations were more satisfactory 

than the previous ones for the following reasons: 
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1. With the SEM method, two relations were integrated into one relation with

out losing any semantics. This unification enhanced the processing efficiency 

when the employer's location was not known. With two separate relations, 

both LOCAL and NATIONAL could be accessed to get the employers's infor

mation. Previously defined LOCAL and NATIONAL relations, specializations 

of EMPLOYER relation, contained an identical set of attributes. In fact, they 

differed only in the physical location of the employer. Hence, the difference 

between the local and the national employer could be represented by a value 

of a category attribute "empJocation" in the EMPLOYER relation. 

2. With the previously defined relations, the aforementioned category attribute 

"empJocation" was improperly placed. It was placed in the JOB relation as 

a result of a patchwork. 

3. With the SEM method, each resume information is stored only once. Previ

ously the RESUME relation indicated multiple entries of the same information 

because of the unique "resume..num" for each copy. In addition, the RESUME 

relation was integrated into the APPLICANT relation since the relationship 

between an APPLICANT entity and a RESUME entity was defined as one

to-one; having separate relations did not improve the performance. 

The revised relations were more accurate than those in the preliminary de

sign phase, i.e., all attributes were properly placed and efficient, i.e., redundant 

attributes and relations were reduced. Thus, the relations created for the final 

SEM diagram were used for the prototype implementation. 
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5.4 Summary 

Database designers in this case were all novice designers, i.e., they had veJ."y limited 

experience in system/database design. Using the enterprise model and conceptual 

data model techniques [MacFadden and Hoffer 1986, chapter 7 & 8], the database 

designers performed reasonably well. The design review committee found that the 

preliminary design satisfied data requirements for the office operation. However, 

using the SEM method, the database designers performed even better. They iden

tified a specialization relationship, which previously had not been recognized, and 

simplified one relationship. They also found one category attribute that had been 

misplaced and corrected this error. The resulting relations were equally complete 

and more efficient than the previously defined relations. Although this was only 

a single case, the evidence indicates that the design criteria of the SEM method, 

listed in Chapter 4, were demonstrated to be effective to support database designers 

in practice. 
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Chapter 6 

Empirical Evaluations 

Two experiments were conducted to examine the effectiveness of a design method, 

specifically the SEM approach, for use by novice designers in performing logical 

database design. The first experiment tested the relative effectiveness of one non

diagrammatic method (the normalization method) and two diagrammatic methods 

(the SEM approach and LRDM). The normalization method was included in this 

experiment to confirm the findings by Hoffer [1982] and Jarvenpaa and Machesky 

[1986] (see Chapter 2, section 3). LRDM was chosen as a counterpart method to the 

SEM approach because of its popularity and its similarity to the SEM approach (see 

Chapter 4, section 2). The second experiment tested the comparative effectiveness 

of the SEM approach and LRDM, as well as the improvements made by the subjects 

using each of these methods. 

In this chapter, the settings common to both experiments were first described. 

Then each detailed experimental setting was discussed, followed by analyses and 

summaries of the experimental results. 
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6.1 Experimental Design 

The two experiments were conducted in very similar settings. The following factors 

were common to both experiments. 

Independent variables: There were two independent variables, the method 

and the training. The method variable consisted of providing subjects with the 

notation and grammar for the methods. The three methods taught to all subjects 

were: the normalization, Logical Relational Design Methodology (LRDM), and the 

Structured Entity Model (SEM) approach. Four lectures (one lecture is equal to 

one hour) on the normalization technique and 1.5 lectures on LRDM were given 

to all the subjects as part of the course requirements. Another 1.5 lectures were 

devoted to the SEM approach. 

The training variable consisted of examples, one exam, and reviews of design 

tasks. Two case examples were presented for each of the three methods. After the 

first experiment and the mid-term examination, the solutions arrived at by using 

the three methods were discussed in the class and hard copies of the solutions were 

distributed to the subjects. 

Measurement of dependent variables: An effective design method helps 

the user to design more accurately without spending a long time to do so. In 

addition, clear guidelines for using the method makes the complex design task 

easier. The effectiveness of each method therefore was measured by the following 

three dependent variables: 

1. Accuracy was measured by the number of relations correctly defined by 

subjects. If one method is more effective for defining the relations than the 

others, subjects using the more effective method should define more relations 

correctly. The Kruskal-Wills test and the Wilcoxon Rank-Sum test (two-
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tailed) were used to determine the difference in the population mean. 

2. Speed was measured by the amount of time subjects used to complete the 

task. The difference in the population means of two groups was measured. If 

subjects using one method could complete the task faster than another, the 

statistic should indicate a significant difference in population means. 

3. User Perception measures how the subjects perceives the design task. In the 

post-test questionnaire (see Appendix F), the subjects were asked to express 

their perception by circling a number (Likert scale of 1 through 7) that most 

closely reflected their point of view. Distributions of the circled numbers were 

then compared using The Kruskal-Wills test and the Wilcoxon Rank-Stun 

test. 

Subjects: For both experiments, subjects were volunteer undergraduate senior and 

junior students of the University of Arizona. All subjects were from two sections 

of the introductory course in database management. The pretest questionnaire 

revealed that no subject had substantial systems analysis/design or database schema 

design experience. However, the results of the questionnaire were not used to form 

the groups assigned to use different methods. Two of the three methods compared 

in the first experiment were required by the curricultun of the course in which all 

the subjects were enrolled. Consequently, the third method also was taught to 

all subjects so that the exposure level of all three methods would be equal. This 

situation made the formation of a group to use a particular method unrealistic. 

Each method therefore was randomly assigned to subjects at each experiment. 
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The Task: For each experiment, the subjects were asked to design a set of 

relations according to a page-long problem description (see Appendix G and J). A 

list of attributes and additional information describing the existing relationships 

among entities and attributes were included in the problem description. The iden

tical problem description was given to all subjects. Seven relations were required 

to be defined in the problem. These relations represented four different complex

ity levels: a simple, a foreign-key, a many-to-many, and a ternary relation. Each 

complexity level is described below: 

• A simple relation: A relation which contains no foreign key, i.e., no attribute 

in this relation can be an identifier in other relations, and its identifier is 

a single attribute. In Figure 4.17 and Figure 4.21, entities such as PART, 

SUPPLIER, and ACCOUNTANT are examples of simple relations. 

• A foreign-key relation: A relation which contains one or more foreign keys 

and its identifier is a single attribute. PROJECT and MANAGER in Figure 

4.17 and Figure 4.21 are examples of foreign-key relations. 

• A many-to-many relation: A relation which results from a many-to-many 

relationship between two entities, i.e., an intersection entity. Its identifier is 

composed of the identifiers of both entities. PART ..ASPECT in Figure 4.17 

belongs to this type of relation. 

• A ternary relation: A relation which results from a relationship among 

three entities. Its identifier may be composed of the identifiers of two or 

three entities. If its identifier is composed of the identifiers of two entities, 

the identifier of the third entity is included as a foreign key in the relation. 

SUPPLY..ASPECT in Figure 4.17 is an example of a ternary relation. 

Each subject was asked to complete the task using an assigned method within 

one and a half hours. To ensure that students were participating in the experiments 
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seriously, a maximum of 20 extra credit points added to the course grade were 

assigned for completion of the experiment. The subjects were told that their actual 

scores would be based on individual performance. 

Hypotheses: Three common hypotheses were tested for both experiments. 

• H1: The accuracy of the design is independent of the method used. 

• H2: The completion speed for the design task is independent of the method 

used. 

• H3: The user perception of the design task is independent of the method 

used. 

In addition to the three common hypotheses, some post hoc analyses were 

also performed for each experiment. 

6.1.1 Experiment I 

The experiment was conducted five days after the first series of training lectures. 

A total of 70 subjects participated in this experiment. One of the three methods 

was randomly assigned to each subject: 25, 23 and 22 subjects were assigned to 

use the normalization method, LRDM, and the SEM approach, respectively. The 

normalization method was also assigned to a group of subjects, so their results 

using the non-diagrammatic method could be compared with those of students who 

used diagrammatic methods, LRDM and the SEM approach. Seven subjects had 

a limited amount of experience in database schema design related to other course 

work. Only one subject claimed that he had designed database schema 4-5 times in 

practice but prior to this experiment had been unfamiliar with any of these three 

methods. An interesting observation is that about two-thirds of subjects in the 
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Task Confidence to Solutions Use of Method Method Preferred 

Method Mod Diff Conf. D.K. N.C. EZ Mod. Diff SEM LRDM NM 

SEM 15 7 1 7 14 1 13 8 5 9 5 

LRDM 17 6 1 11 11 4 16 3 3 9 8 

NM 12 13 1 4 20 0 9 16 6 15 2 

Table 6.1: Summary Characteristics of Subjects: Experiment I 

LRDM group had grade point averages (GPA) between 3.0 and 4.0, compared with 

the one-third of those in the SEM group. The effect of this difference is discussed in 

a later subsection. The characteristics of subjects are summarized in Table 6.1. The 

identical case problem given to all subjects contained the following relations: four 

simple, one with foreign keys, one many-to-many, and one ternary (see Appendix 

G). Sample solutions to this problem are provided in Appendix H and I. 

6.1.2 Experiment II 

This experiment was conducted one week after the first experiment using the same 

subjects. However, 32 subjects could not participate in the second experiment for 

various reasons. Of the 38 subjects who participated, 19 were randomly selected 

and assigned to use the SEM approach, and LRDM was assigned to the remaining 

19 subjects. Characteristics of the subjects are summarized in Table 6.2. About 

two-thirds of subjects in the SEM group had GPAs between 3.0 and 4.0, as opposed 

to the one-third in the LRDM group. The effect of this difference is discussed in a 

later subsection. The design task contained three simple relations, one with foreign 

keys, two many-to-many, and one ternary (see Appendix J). Thus, the complexity 

level of the problem had been increased from that of Experiment I. 



124 

Class GPA Experience in Schema Design Prior ~nowledge 

Method Jr. Sr. 2-2.9 3-4 0 1-2 3-more SEM LRDM NM 

SEM 1 18 7 12 17 2 0 0 0 1 

LRDM· 2 17 12 7 14 5 0 0 0 3 

Table 6.2: Summary of Characteristics of Subjects: Experiment II 

6.2 Results 

Since the underlying distribution of the population (normal or non-normal) and 

the variance of the groups on the measure (number of correct relations) were not 

known and the sample sizes were not large enough to assume distribution normality, 

nonparametric statistics were used to test the hypotheses [Summers et al., 1985 

and SPSS, 1986]. The results are first discussed in terms of the hypotheses and 

then some post hoc analyses and observations are described. Cumulative point 

distribution curves [Scheaffer and McClave, 1982, pp 125-127], such as are shown 

in Figure 6.1, are provided as additional information. In Figure 6.1, three sample 

curves were drawn. 1 In Figure 6.1(a); The top horizontal line indicates the worst 

possible curve, i.e., the entire group produced zero correct relations. The curve 

farthest to the right represents the best possible results, i.e., everybody produced 

all seven correct relations. The curve in Figure 6.1(b) indicates design performance 

between the worst and the best cases. According to this curve, no one produced 

zero relations, only 15% of the group produced either one, two, or three relations 

(5% for each), 10% defined four relations, and 75% of the group produced four or 

more correct relations (25% for each). Hence a curve more skewed to the left is a 

more desirable curve. Some observations on and limitations of the experiments are 

lThe graph is read in "bottom-up" fashion, i,e., from the independent variable (# of correct 

relations) to the dependent variable (cumulative proportion of group) direction. 
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H1: The accuracy of the design is independent of the method used. 

Sample Size: The normalization method group = 25, The LRDM group = 23, 

The SEM group = 22 

Statistics: The Kruskal-Wallis test: Xobll = 9.0433 

Conclusion: H1 is rejected at a = 0.05 

i.e., at least one group has less accurate design. 

H1': There is no difference in the accuracy of the design between the 

LRDM and the SEM groups. 

Statistics: The Wilcoxon Rank Sum test: nl = 22, Zobll = -1.2205 

Conclusion: H1' is not rejected at a = 0.05 

i.e., Both groups have equally accurate design. 

Mean Score by (2.0-2.9): SEM = 2.47, LRDM = 2.5 

GPA level: (3.0-4.0): SEM = 2.57, LRDM = 2.93 

Table 6.3: Accuracy of the Designs: Experiment I 

discussed at the end of this chapter. 

6.2.1 Experiment I results 

The first hypothesis (HI) was rejected at a = 0.025. The indication is that at 

least one group produced less accurate designs. In order to identify the group, the 

following additional hypothesis was tested for the LRDM and the SEM group: 
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• HI': There is no difference between the accuracy of the designs developed by 

the LRDM and the SEM groups. 

These two groups were compared because both groups had higher mean scores 

than the normalization method group. 

HI' was not rejected for the comparison of the two diagrammatic methods as 

no significant difference was found between the two groups. The indication is that 

the groups using the two diagrammatic methods (LRDM and the SEM approach) 

produced more accurate designs than did the group using the normalization (non

diagrammatic) method. A summary of the results is shown in Table 6.3. The 

difference in the mean scores of the two diagrammatic method groups can be ex

plained by the proportion of the different GPA levels represented in each group. In 

both groups, the subjects having a higher GPA (3.0 - 4.0), on the average, scored 

higher than the subjects having a lower GPA (2.0-2.9). In the LRDM group, 65.2% 

had the higher GPA and 34.8% had the lower GPA. In the SEM group, only 31.8% 

had the higher GPA and 68.2% had the lower GPA. The normalization method 

group had 56% at the higher GPA level. However, the group still scored lower than 

the SEM group. For this reason, mean scores by GPA level for the normalization 

method group are not provided in Table 6.3 

Figure 6.2 shows that the diagrammatic methods performed better than the 

non-diagrammatic method, the normalization technique. In Figure 6.3, the cumu

lative point distribution curves for the comparison of these two groups are shown. 

The figure shows that the LRDM group performed better by between one and three 

correct relation points than the SEM group, and the SEM group performed better 

at zero, four, and five correct relation points. The implication of this phenomenon 

is elaborated on in a later discussion. 
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H2: 

Statistics: 

Conclusion: 

The completion speed for the design task is independent 

of the method used. 

The Kruskal-Wallis test: Xob" = 1.9702 

H2 is not rejected at a = 0.05. 

Table 6.4: Completion Speed: Experiment I 
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The second hypothesis (H2) was not rejected since almost all subjects used up 

one and a half hours to complete the task. The statistics for the test are provided 

in Table 6.4. 

The third hypothesis (H3) was rejected at a = 0.05, Le., at least one group 

perceived the design task differently from the other groups (Table 6.5). The two di

agrammatic method groups therefore were compared using an additional hypothesis 

(H3') . 

• H3': There is no difference in user perception between the LRDM and the 

SEM groups. 

H3' was not rejected for the comparison of the two diagrammatic method 

groups. Hence it was the normalization method group which had the different 

perception of the design task. The results of the post-test questionnaires are sum

marized in Table 6.6. More subjects in the normalization method group perceived 

that the task was difficult. 

Conclusions about novice designers who have little training are drawn from 

the results of this experiment: 



H3: 

Statistics: 

Conclusion: 

H3' 

Statistics: 

Conclusion: 

The user perception of the design task is independent of 

the method used. 

The Kruskal-Wallis test: Xob" = 15.3224 

Ho 3 is rejected at a = 0.005 

i.e., at least one group perceived differently. 

There is no difference in user perception between the 

LRDM and the SEM group. 

The Wilcoxon Rank Sum test: n1 = 22, Zob" = -1.5784 

H3' is not rejected at a = 0.05 

Table 6.5: User Perception: Experiment I 
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Task Confidence to Solutions Use of Method Method Preferred 

Method Mod Diff Conf. D.K. N.C. EZ Mod. Diff SEM LRDM 

SEM 15 7 1 7 14 1 13 8 5 9 

LRDM 17 6 1 11 11 4 16 3 3 9 

NM 12 13 1 4 20 0 9 16 6 15 

Method: (NM = Normalization Method) 

Task: (Mod. = Moderately difficult, Diff. = Difficult) 

Confidence: (Conf. = Confident, D.K. = Don't know, N.C. = Not confident) 

Use: (EZ = Ea..c;y, Mod. = Moderate, Diff. = Difficult) 

Table 6.6: Summary of Experiment I Post test 

NM 

5 

8 

2 
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1. The normalization method was found ineffective in terms of the resulting 

accuracy of design and the user perception of the task. 

2. The two diagrammatic methods were equally effective in terms of the resulting 

accuracy of design and the user perception of the task. 

3. There was no or little difference in effectiveness in terms of the three mea

surements between the SEM approach and LRDM. 

4. Subjects preferred LRDM (network type) to the SEM approach (hierarchy 

type), though they performed and responded equally to the task (see "Method 

Preferred" column in Table 6.6). 

The implication of the results of this experiment is that diagrammatic methods 

are more effective for training novice designers than a non-diagrammatic method, 

at least for a limited amount of training time. The result agreed with the findings 

by Hoffer [1982] and Jarvenpaa and Machesky [1986]. 

6.2.2 Experiment II results 

Due to the smaller number of participants for the second experiment, only the two 

diagrammatic methods, the SEM approach and LRDM, were used. A summary of 

the results is shown in Table 6.7. The first hypothesis (HI) was rejected at a = 
0.10. Even though the direction of the results indicated that the group using the 

SEM approach produced more correct relations than the group using LRDM, the 

difference observed could be considered as marginal. The lower mean score of the 

LRDM group may be explained by the proportion of students having the different 

GPA levels within the group. In both groups, the subjects with higher GPAs (3.0 

- 4.0), on the average, scored higher than the subjects with lower GPAs (2.0-2.9). 

The LRDM group consisted of 36.8% having the higher GPA level and 63.2% at the 
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HI: 

Sample Size: 

The accuracy of the design is independent of the method used. 

The LRDM group = 19 

The SEM group = 19 

Statistics: The Wilcoxon Rank Sum test: n1 = 19, ZOb6 = -1.6819 

Conclusion: HI is rejected at a = 0.10 (two-tailed) 

Mean Score by (2.0-2.9): SEM = 4.29, LRDM = 2.83 

GPA level (3.0-4.0): SEM = 4.75, LRDM = 4.14 

Table 6.7: Accuracy of Design: Experiment II 

lower GPA level while the SEM group consisted of 63.2% having the higher GPA 

level and 36.8% having the lower GPA level. Although, the SEM group had more 

subjects at the higher GPA level, an interesting observation is that the mean score 

of the lower GPA level subjects in the SEM group is higher than that of the higher 

GPA level subjects in the LRDM group. The implication of this observation is 

that a marginal difference might still exist even if the two groups had similar GPA 

distribution. An additional implication is that the SEM approach works better for 

average users (non-outstanding users) than LRDM. 

The second hypothesis (H2) was not rejected at a = 0.05. This time, all 

subjects completed the design task within one and a half hours. The statistics for 

the test are provided in Table 6.8. 

The third hypothesis (H3) was not rejected at a = 0.05 (see Table 6.9). As is 

shown in Table 6.10, the majority of the subjects in both groups felt that the task 

was not difficult, even though the actual complexity of the task had been incn:ased 



H2: 

Statistics: 

Conclusion: 

H3: 

Statistics: 

Conclusion: 
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The completion speed for the design task is independent of the 

method used. 

The Wilcoxon Rank Sum test: n1 = 19, Zobl/ = 0.644 

H2 is not rejected at a = 0.05 (two-tailed) 

Table 6.8: Completion Speed: Experiment II 

The user perception of the design task is independent of the 

method used. 

The Wilcoxon Rank Sum test: n1 = 19, Zobl/ = -0.3779 

H3 is not rejected at a = 0.05 (two-tailed) 

Table 6.9: User Perception: Experiment II 
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Task Confidence to Solutions Use of Method Method Preferred 

Method Mod Diff Com. D.K. N.C. EZ Mod. Diff SEM LRDM 

SEM 18 1 4 14 1 3 16 0 11 4 

LRDM 18 1 8 7 4 9 9 1 7 3 

Method: (NM = Normalization Method) 

Task: (Mod. = Moderately difficult, Diff. = Difficult) 

Confidence: (Conf. = Confident, D.K. = Don't know, N.C. = Not .':onfirl.ent) 

Use: (EZ = Easy, SoSo = Moderate, Diff. = Difficult) 

Table 6.10: Summary of Experiment II Post test 

from that of the previous experiment. 

NM 

0 

1 

In Figure 6.4, the cumulative point distribution curves for the comparison 

of these two groups are shown. The figure shows that the SEM group performed 

better at every point than the LRDM group. Although the SEM group, on the 

average, took slightly more time than the LRDM group to complete the task, the 

difference was found not significant. The results of the post-test questionnaires 

are summarized in Table 6.10. The numbers in the table show slightly different 

results from those in Table 6.6 (for experiment I), the most drastic change, however, 

occurred in the "Method Preferred" column. After the second experiment was over, 

more subjects (47.4%) preferred SEM to LRDM (18.4%). 

Two additional hypotheses were tested in this experiment: 

• H4: The accuracy of the design does not improve in a short period using the 

SEM approach. 

• H5: The accuracy of the design does not improve in a short period using 
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Figure 6.4: CPDCs of LRDM and the SEM Approach for Experiment II 
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Ho4: The accuracy of the design does not improve in a short period 

using the SEM approach. 

Statistics: The Wilcoxon Rank Sum test: nl = 19, Zobs = -3.2779 

Conclusion: H4 is rejected at a = 0.05 

H5: The accuracy of the design does not improve in a short period 

using LRDM. 

Statistics: The Wilcoxon Rank Sum test:nl = 19, Zobs = -0.3352 

Conclusion: H5 is not rejected at (l' = 0.05 

Table 6.11: Improvement: Experiment II 

LRDM. 

Accuracy improvement was measured by the difference in population means 

of subjects using the same method between experiments I and II (see Table 6.11). 

If subjects using a particular method improved significantly over a short period, 

distributions of the first and the second experiment means should indicate that 

they were different populations. A cumulative point distribution curve (CPDC) also 

was used to visualize the amount of improvement (see Figure 6.5 and Figure 6.6). 

The differences in the shapes of CPDC for each experiment showed the degree of 

improvement in terms of accuracy over two weeks. 

The results of this experiment indicate a couple of interesting points about 

the learning behavior of novice designers using the diagrammatic methods over a 

short training period. 

1. They improved significantly with the SEM approach (see Figure 6.5 and Ta-
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Figure 6.5: CPDCs of the SEM Method for Experiments I and II 
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Figure 6.6: CPDCs of LRDM for Experiments I and II 
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ble 6.11). With LRDM, they also showed some improvement (see Figure 6.6 

and Table 6.11) but not by as substantial an amount as those using the SEM 

approach. 

2. They preferred the SEM (hierarchy type) to the LRDM (network type) as 

they experienced more database schema design problems. 

The implication of the results of this experiment is that the SEM approach 

is a more effective training means for novice designers for a short training period. 

Due to the threat to external validity of the interaction of different treatments, 

the results of these tests may not be generalizable, but they still provide valuable 

information for the future research. 

6.2.3 Observations 

Some additional interesting facts and observations from the experiments are dis

cussed in this subsection. In the first experiment, members of the LRDM group, on 

the average, had the highest scores. Only 39% of the group, however, identified the 

ternary relation, as opposed to 55% of the SEM group. Over both experiments the 

subjects using LRDM had more difficulties recognizing the existence of the ternary 

relationship in the problem. The results appear to support the claim made in Chap

ter 4 that the SEM approach helps novice designers identify complex relations more 

effectively than does LRDM. 

In the SEM group, the subjects who preferred the normalization method had 

the highest average score (3.67) compared with all other subjects in both the SEM 

group and the LRDM group. Since the subjects who preferred the normalization 

method in the LRDM group scored only 2.87, the indication may be that using 

both normalization and SEM together will offer the most effective training for end 

users. 
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In Experiment II, more subjects shifted their preference of methods to the 

SEM approach. I had an opportunity to talk with a couple of those subjects who 

said that they did not like SEM initially because of its hierarchical representa

tion (initially both preferred LRDM), after they understood the constructs and 

the mechanism of .the SEM approach more, they began to appreciate the design 

facilitation of the SEM approach. 

In Experiment II, more subjects in the SEM group identified both the many

to-many and the ternary relationships (60% for both relationships) than subjects 

in the LRDM group (40% and 50% respectively). The results were consistent with 

the results of the first experiment. 

6.2.4 Limitations 

Any experiment of this type will have limitations which are mostly related to validity 

concerns. Before the results are generalized, the reader should consider some of the 

limitations of these experiments, namely the interaction of different treatments and 

the interaction of selection and treatment [Cook and Campbell, 1979]. 

The interaction of different treatments: This limitation results from the 

fact that the subjects were exposed to multiple treatments. Since all three methods 

were introduced to the subjects prior to the experiments, the cause-effect relation

ship found in the experiments may not be generalizable. To minimize the effect 

of this problem, two actions were taken. First of all, during the experiments, the 

subjects were monitored carefully to make sure that they were using only the as

signed method to do the task. This action will not, of course, eliminate the problem 

since we cannot control their minds. i.e., they could use knowledge of the other two 
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methods to help themselves. Second, the exposure levels of the three methods to 

the subjects were maintained to be as equal as possible. More specifically, during 

the four weeks of the experimental period, the solutions to all examples and design 

problems using all three methods were distributed and explained to the subjects, 

and, for each experiment, methods were randomly assigned to the subjects. Hence 

the effects of this problem should be equal for both groups. Again, we could not say 

that the problem was completely eliminated by these precautions since we simply 

do not know what kind of negative or positive effects interaction of treatments may 

have had on the subjects and on the methods. 

The interaction of selection and treatment: This limitation affects de

termination of categories of persons for which a cause-effect relationship can be 

generalized. As Table 6.1 demonstrates, almost all subjects were seniors with no or 

very limited database schema design experience, i.e., well-educated novice designers. 

Even for this category of persons, more controlled experiments must be conducted 

before the cause-effect relationship is generalized. 

Although, sample solutions to both experiments were reviewed by an inde

pendent third party, both experimental results were evaluated by the experimenter. 

and this may have caused a few subjective judgment calls during the evaluation pro

cess. In order to increase the objectivity of the evaluation, a r~view panel should 

be used. 

6.3 Summary 

The findings by Jarvenpaa and Machesky [1986J and Hoffer [1982J were replicated 

in the first experiment. These are: 
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1. Novice designers perform better in designing a logical database using a dia

granunatic method. 

2. User perception toward the task improves using a diagranunatic method. 

3. Novice designers prefer a diagrammatic method to a non-diagrammatic one. 

However, no significant differences were found between the performance levels of 

the SEM group and the LRDM group in this experiment. 

In the second experiment, on the other hand, the SEM group produced more 

accurate designs and improved more than the LRDM group. Although threats to 

external validity existed in the experiment, the results indicated the potential of 

the SEM approach as an effective logical database design tool. 
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Chapter 7 

Contributions and Future Research 

This dissertation has addressed the importance of semantic data modeling in devel

oping a database, specifically in dealing with the diagrammatic method. The current 

trends toward increasing database applications [Batini and Ceri, 1985] and increas

ing end-user computing [Sprague and McNurlin, 1986], along with development of 

more user friendly database management systems, necessitates the development of a 

more effective semantic data model and an improved modeling method. A new dia

grammatic semantic data model, Structured Entity Model (SEM), and its modeling 

mechanism were developed according to the criteria for an effective semantic data 

model identified in Chapter 2. This chapter summarizes the contributions of this 

study and discusses prominent areas for future research along with some insights 

obtained from exploratory studies. 

7.1 Contributions 

Contributions were made by this study in two main areas: (1) the development of 

a new diagrammatic semantic model and (2) its modeling mechanism (the SEM 

approach). One general and one specific contribution in each of these areas, along 

with an additional contribution, are discussed in this section. 
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7.1.1 Development of a Semantic Data Model 

General Contribution: Identification of Criteria for an Effective Semantic 

Data Model 

Various effectiveness criteria for a semantic data model were identified through 

the literature review in Chapter 2. The results were synthesized, and a set of criteria 

was defined. Then, the criteria were used to develop SEM. 

Specific Contribution: Devel,opment of SEM 

One of the main problems facing the development of database systems is 

the lack of a consistent semantic representation scheme using natural structure, 

i.e., the lack of semantic data models which are able to specify constructs that 

correspond directly to real-world objects. Without such semantic data models, 

system specification will be incomplete and the resulting database system will be 

inadequate to support decision-makers or any other users. Because SEM focuses 

on using natural structure, the designer can determine the real-world entities to be 

modeled and then specify their object representation. The SEM approach is one of 

adapting the model to the world rather than the the world to the model. 

7.1.2 Development of the Modeling Mechanism 

General Contribution: Identification of Criteria for an Effective Semantic 

Data Modeling Method 

Typical semantic data modeling methods were studied in Chapter 2. Strengths 

and weaknesses of the methods were identified and used to define a set of criteria 

for an effective semantic data modeling method. The criteria were used to develop 

the modeling mechanism of SEM, the SEM approach. 
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Specific Contribution: Development of the SEM Approach 

This study suggests that the SEM approach helps novice designers perform 

more accurate logical database design because of its top-down design approach and 

its highly structured design process. Hence, the SEM approach is an effective means 

of communication and a useful analysis/design tool in addition to being an effective 

training tool for novice database designers. Although Jarvenpaa and Machesky 

[1986] claimed that, based on their experimental results, end user training should 

stress conceptual top-down analysis, Mantha [1987] and Chen [1988J suggested that 

the design of databases can be improved by using multiple design methods. Some 

observations made during the author's experiments (Chapter 6) also support this 

suggestion, though additional experiments must be conducted for more conclusive 

verification. 

7.1.3 An Additional Contribution 

Empirical comparisons of logical database design methods using novice 

designers. 

As mentioned in Chapter 2, section 3, there are only a few of publications which 

report empirical studies concerned with the database design process by end users 

(novice designers). This dissertation provided the results of two empirical stud

ies. The first study compared three design methods, the SEM approach, LRDM, 

and the normalization method. Two diagrammatic methods (the SEM approach 

and LRDM) were compared in the second study. For each study, three depen

dent variables (accuracy, speed, and user perception) were compared to measure 

the effectiveness of each design method. The results can be summarized as: (1) 

diagrammatic methods are more effective regarding accuracy and user perception 

and (2) the SEM approach is more effective than LRDM regarding accuracy of the 

design. 
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7.2 Future Research 

From chapters 4, 5, and 6, it is obvious that more work is required to improve 

SEM's modeling capability and to make the findings of the case and empirical 

studies more generalizable. Along with achieving these goals, the following three 

exploratory research topics provide important directions for future research to take. 

7.2.1 Logical Database Design: Expert System Approach 

Regardless of the method used for relational schema design, dependencies among 

attributes will be used to verify the normal forms that the resulting relations have. 

As shown in the job-shop example, the SEM approach to relational database schema 

design results in structures that embed attribute dependencies within themselves. 

This section describes an exploratory research of a relational schema design using 

an expert system approach. 

At each step in the design process, certain expert knowledge, called expert 

rules, are applied to help the user design more accurate schema. Functions and 

variables used in expert rules are described first, followed by a description of design 

rules. 

Functions: The following is a list of functions proposed for expert rules. There are 

two types of functions: (1) the first type, such as Accept, Ask, Explain, and Take, 

executes its argument within the parentheses and (2) the second type, all others, 

uses its argument as an input. Each proposed function is described below: 

Accept (C): prompts a command (C) and receives a user's response in a vari

able, X, or in an array, list. 
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Ask (Q): prompts 'yes/no/?' question (Q) to a user and receives a user's response 

in a variable, answer. 

Attach (entity, attribute list): attaches attributes to a specified entity. 

Create-Entity (attribute list): defines a new entity with (attribute list). 

Create-Dummy (entity): defines a dummy entity, i.e., a stamped entity. 

Delete (variable): deletes (variable) such as attributes and entities. 

Delete...Relationship (entity list): deletes the connection among the entities listed in 

(entity list). 

Define...Relationship (entity list): defines a new relationship among the entities listed 

in (entity list). 

Explain (E): displays an explanation (E) to a user. 

Relationship (entity list): returns the relationship among the entities listed in (en

tity list). 

Take (A): executes an action (A). 

Variables: These are used as arguments for the first type of function described 

above. Four proposed variables, ACTION, COMMAND, EXPLANATION, and 

QUESTION, are listed below: 

ACTION: 

A1 = Delete (attribute) 

A2 = Create-Entity( attribute, subset) 

A3 = Create-Dummy (entity) 

A4 = Delete...Relationship (A,C) 

A5 = Define...Relationship (A,B,C) 

A6 = Attach (entity, attributes) 

A7 = Delete (entity) 

A8 = Create-Entity (attributes) 

COMMAND: 



C1 = 'Enter a new name: " X 

C2 = 'List all attributes determined by this attribute: " list 

C3 = 'Enter a reason for the retention :', X 

C4 = 'Enter a reason for the inconsistency:', X 

EXPLANATION: 
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E1 = 'The question is asked to determine the origin of the attribute. The definition 

of the attribute is original if the attribute can exist without the existence of other 

entities. ' 

E2 = 'The question is asked to determine the originality of the attribute. If a simi

lar attribute already exists in the parent entity, the parent's attribute can represent 

the specialization entity's attribute.' 

E3 = 'The relationship', (A,C), 'can be represented through the relationship', (B,C), 

'Thus, the former relationship is considered to be redundant.' 

E3.1 = 'The relationship', (B,C), 'can be represented through the relationship', 

(A,C), 'Thus, the former relationship is considered to be redundant.' 

E4 = 'The relationship', (A,C), 'is inconsistent with the relationship', (B,C), 'Thus, 

at least one relationship is considered to be incorrect.' 

E5 = 'The question is asked to determine if the intersection entity contains any 

descriptors. If it does not, there is a possibility that this entity is unnecessary.' 

E6 = 'The ternary relationship defined among', (A,B,C), , is unnecessary.' 

E7 = 'The question is asked to determine if the ternary relationship among', 

(A,B,C), 'exists. If it does, you can create a ternary intersection entity.' 

QUESTION: 

Q1 = 'Is this attribute definition original?' 

Q2 = 'Do you wish to rename this attribute?' 

Q3 = 'Does this attribute determine any other attributes within this entity?' 



Q4 = 'Does a similar attribute exist in the parent entity?' 

Q5 = 'Do you wish to delete the relationship',(A,C),'?' 

Q5.1 = 'Do you wish to delete the relationship',(B,C),'?' 

Q6 = 'Do you wish to alter the relationships?' 

Q7 = 'Is there any attribute determined by this composite key?' 

Q8 = 'Do you wish to delete this entity?' 

Q9 = 'Do you wish to define this ternary intersection entity?' 

Expert Rules 
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The following rules have been proposed for deriving relational database schemas 

from SEM structures. 

1. Each entity appearing for the first time (in top-down and left-to-right direc

tions) in the structure will generate a relation including its attached variables 

as the attributes. For example, the following relations are created for the 

corresponding entities at their first appearances in the structure (see Figure 

7.1): 

- PROJECT(pid*, budget, location) 

EMPLOYEE( empid*, emp-Ilame, wage, starting_date) 

SUPPLIER(sid*, addr, phone) 

PART(prUd*, prt-Ilame, prLdscr) 

* : the primary key. 

Expert Rule Applied: 

• Uniqueness checking for all attributes. 

Rule 1: IF an attribute has multiple definitions 

THEN Ask (Ql) AND goto Rule 1.1 



PROJECT EMPLOYEE SUPPLIER 

.P_'O • Emp_1D • S 10 - -• Location • Emp_Name • Address 
• Budget • Wage • Phone 

• Startlng_ 
date 

Figure 7.1: Single entities 

Rule 1.1: IF answer = 'yes' 

THEN Ask (Q2) AND goto Rule 1.2 

ELSE IF answer = I?' 

THEN Explain (El) AND goto Rule 1 

ELSE Take (AI) 

Rule 1.2: IF answer = 'yes' 

THEN attribute name = Accept (C1) 

• Dependency checking for all attributes. 

Rule 2: Ask (Q3) AND goto Rule 2.1 

Rule 2.1: IF answer = 'yes' 

THEN the attribute determines Accept (C2) 

goto Rule 2.2 

Rule 2.2: IF all attributes are not processed 

THEN goto Rule 2 
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PART 

.Prt 10 

• Prt_Name 

ePrt_Oscr. 

ELSE IF there is any attribute which determines only a subset of the 

entity 

THEN Take (A2) 
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a category 
attribute (TIt/e) 

MANAGERs 

* has no unique attribute 

becomes MANAGER 
a primary key 
(Mgr_ID) • Benefits 

... 

Figure 7.2: Specialization entities 

2. Each specialization entity which contains unique attributes generates a rela

tion including its attributes and the parent's identifier as a primary key. If a 

specialization entity has no unique attribute, an additional attribute, called a 

category attribute, is added to the relation generated from the parent entity. 

Thus, the parent entity is partitioned by using the value of the category at

tribute. For example, MANAGER and ACCOUNTANT are the specialization 

entities of EMPLOYEE. These specialization types can be determined by the 

value of "title" attribute in the EMPLOYEE relation. See Figure 7.2. 

EMPLOYEE(empJd*, emp-name, wage, starting_date, title) 

MANAGER(mgrJd*, benefits) 

* : the primary key. 

Expert Rules Applied: 



• Simplification of specialization entities. 

Rule 3: Ask (Q4) AND goto Rule 3.1 

Rule 3.1: IF answer = 'yes' 

THEN Take (A1) AND goto Rule 3.2 

ELSE IF answer = I?' THEN Explain (E2) AND goto Rule 3 

Rule 3.2: IF the entity is empty 

THEN Take (A3) 
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3. The second or higher order appearance of an entity will not generate a new 

relation if the relationship between the entity and its parent has been depicted 

by other relation(s). 

Expert Rules Applied: 

• Identification of stamped entities 

Rule 4: IF there is no attribute in the entity 

THEN Take (A3) 

4. Each one-to-one/one-to-many relationship is identified from top-down and 

left-to-right directions, and then one-connectivity side's identifier is added 

into the other side relation as a foreign key. Note that the adding of a foreign 

key to a relation may be processed for both directions if the relationship is 

one-to-one (see Figure 7.3). 

PROJECT(pJd*, loc, budget, mgrJd, acctJd) 

MANAGER(mgrJd*, benefits, pJd) 

* : the primary key. 

Expert Rules Applied: 

• Elimination of redundant relationships. 

Rule 5: IF Relationship (A,B) = Relationship (A,C) = Relationship 

(B,C) = One-to-Many 



PROJECT 

• P_ID -• Location 

• Budget 

• 

(a) One-to-one 

PROJECT 

• .!!..!.E. 
• 
• 

EMPLOYEE 
• Emp_ID) 

....... ,. 
• 

(b) One-to-many 

Figure 7.3: Simple relationships 
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THEN Explain (E3) AND Ask (Q5) goto Rule 5.1 ELSE goto Rule 5.2 

Rule 5.1 IF answer = 'no' THEN Accept (C3) 

ELSE Take (A4) 

Rule 5.2 IF Relationship (A,B) = One-to-Many AND (Relationship 

(A,C) = Relationship (B,C) = One-to-One) 

THEN EXPLAIN (E3.1) AND Ask (Q5.1) AND goto Rule 5.3 

Rule 5.3 IF answer = 'no' THEN Accept (C3) 

ELSE Take (A4.1) 

• Elimination of inconsistent relationships. 

Rule 6: IF Relationship (A,B) = One-to-Many AND ((Relationship 

(B,C) = One-to-Many) OR (Relationship (C,A) = One-to-Many)) AND 

(Relationship (A,C) 1= Relationship (B,C)) 

THEN Explain (E4) AND Ask (Q6) goto Rule 6.1 

Rule 6.1: IF answer = 'no' THEN Accept (C4) 

ELSE Take (A5) 

5. Each complex relationship (many-to-many and ternary) is transformed into an 

intersection record, called an "aspect entity." Each aspect entity generates a 

relation including identifiers of all participating entities to the relationship and 

additional attributes, descriptors of the relationship, if any. Transformations 

of "many-to-many" and "ternary" relationships are illustrated in Figure 7.4 

and Figure 7.5, respectively. 

PART -ASPECT(sJd*, prtJd*, price) 

* : the primary key. 

SUPPLY -ASPECT(pid*, prtJd*, sid, qty) 

* : the primary key. 

Expert Rules Applied: 
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SUPPLIER PART 
• .!.!E • ert 1O 
• Address • PrCName 
• Phone • Prt_Oscr. 

many many 1, , 
PARTs SUPPLIERs 
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PART -ASPECT 
-.. 
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: A binary as pect entity 

Figure 7.4: Many-lo-Many Relationships 
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Figure 7.5: Ternary Relationships 
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• Elimination of unnecessary binary intersection entity. 

Rule 7: Ask (Q7) AND goto Rule 7.1 

Rule 7.1: IF answer = 'yes' THEN Take (A6) 

ELSE IF answer = I?' 

THEN Explain (E5) AND goto Rule 7 

ELSE goto Rule 7.2 

Rule 7.2: Explain (E5) AND Ask (Q8) AND goto Rule 7.3 

Rule 7.3: IF answer = 'yes' THEN Take (A7) 

• Elimination of unnecessary ternary intersection entity. 

Rule 8: IF (Relationship (A,B) = (One-to-One OR One-to-Many» 

OR (Relationship (A,C) = (One-to-One OR One-to-Many» 

OR (Relationship (B,C) = (One-to-One OR One-to-Many)) 

THEN Explain (E6) AND Take (A7) 

• Finding missing ternary intersection entity. 
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Rule 9: IF Relationship (A,B,C) is undefined AND (Relationship (A,B) 

= Relationship (A,C) = Relationship (B,C) = Many-to-Many) 

THEN goto Rule 9.1 

Rule 9.1: Explain (E7) AND Ask (Q9) AND goto Rule 9.2 

Rule 9.2: IF an.9wc.r = 'yes' THEN Take (AS) 

Expert rules provided in this subsection have not yet been tested experimen

tally. More expert rules will be added through the implementation of the 

expert system. The algorithm for the automated schema generator based on 

the considerations above is described in Figure 7.6. It can be verified that the 

relational schemas resulting from the algorithm are in 4NF by examining the 

attribute dependencies embedded in SEM (the proof is provided in Chapter 

4). Note that Figure 7.6 does not include error handling and expert rules. 
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Inclusion of these into the algorithm is deferred to future research. In or

der to enhance the effectiveness of the expert system, multiple representation 

schemes, such as graphics, text, matrix, etc., at the interface level also become 

an important issue. 
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Figure 7.6: The Algorithm for Automated Relational Schema Generation 
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7.2.2 View Integration 

One of the important properties of the database approach is that data are integrated 

to reduce redundancy and to facilitate data access. View integration is the process 

of merging the entities for each user view into a single set of relations, called a global 

view. View integration is a non-trivial task when it involves views of multiple users 

with different perspectives about the same or similar objects/events. Batini et al. 

[1986J argued that the existence of multiple unidentical definitions of the same or 

similar entities, called conflicts, and their resolutions are central to the problems 

of integration. The authors identified two typical conflicts, naming conflicts and 

structural conflicts. Those conflict types are described, and then resolutions to the 

conflicts using SEM are discussed in this subsection. The examples used in the 

following are adopted from Batini et al., [1986J. 

Naming Conflicts: 

Within an organization, people from different application areas refer to the 

same data using their own terminologies. This results in possible inconsistency 

among names. This problem is called a naming conflict. Descriptions of the two 

subtypes of naming conflicts, homonyms and synonyms, and the resolution tech

nique for each subtype using SEM is described in the following. 

1. Homonyms: When the same name is used for two or more different objects, 

this type of conflict occurs. EQUIPMENT in Figure 7.7(a) refers to com

puters/printers/copiers, whereas the same term refers to pieces of furniture 

in Figure 7. 7(b). It is obvious that two conceptually distinct objects are in

volved and that merging the two entities to form a single entity would cause 

a homonyms naming conflict. SEM avoids this problem either by applying 

expert rule 1 in the previous subsection or by using a full name convention 
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DEPARTMENT BUILDING 

I EQUIPMENT I I EQUIPMENT I 
(a) (b) 

Figure 7.7: Example of Homonyms 

parent-entity..name.entity..name (e.g. DEPARTMENT.EQUIPMENT). 

The full name assures uniqueness of names and can be easily constructed using 

SEM because of its hierarchical structure. 

2. Synonym~: Synonyms naming conflicts occur when two or more names are 

used to refer to the same object. For example, an entity named CLIENT 

(Figure 7.8(a)) is called as CUSTOMER in Figure 7.8(b). In SEM, one name 

is defined as a formal name and the others as its aliases. This distinction is 

only for the sake of formality, i.e., the formal name and aliases are treated· 

equally. Although, the resolution of this type of conflict is easy, the detection 

of synonyms is not. They can only be detected by an external specification 

which contains a description of an entity and its relationships with other 

entities. A SEM diagram can be used as an external specification. 

Structural Conflicts; Structural conflicts arise when different modeling con

structs or integrity constraints are chosen. Four kinds of structural conflicts identi

fied by Batini et al. [1986J are described below. 
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CLIENT CUSTOMER 

I CREDIT I I ORDER I 
(a) ( b) 

Figure 7.8: Example of Synonyms 

PERSON 

• SEX 

(a) (b) 

Figure 7.9: Example of Type Conflicts 
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EMPLOYEE _I EMPLOYEE J 

I I 
I EMPLOYEE I PROJECT I EMPLOYEE I PROJECT 

(a) (b) 

Figure 7.10: Example of Dependency Conflicts 

1. Type Conflicts: Type conflicts occur when the same object is represented by 

different modeling constructs in different user views. For example, a class of 

objects is represented as an entity in one view (Figure 7.9(a» and as an at

tribute in another view (Figure 7.9(b)). This type of conflict will not arise in 

SEM because of its coupling mechanism and specialization decomposition. In 

the case of Figure 7.9(a), specialization entities, MAN and WOMAN, are rep

resented by a category attribute 'sex' in the PERSON. Thus, both PERSONs 

in Figure 7.9 are identical. 

2. Dependency Conflicts: These arise when two or more objects are related 

among themselves with different dependencies in different views. For exam

ple, one type of employee can work for exactly one project (Figure 7.1O(a)), 

but another type of employee can work for multiple projects at the same time 

(Figure 7.10(b)). Structural conflicts can be resolved by using specialization 

decomposition. If EMPLOYEEs in figure 7.10 are classified as EMPLOYEE 

as WORKER (a) and EMPLOYEE as MANAGER (b) (see Figure 7.11), 

then the WORKER and the MANAGER become specialization entities of the 

EMPLOYEE. 
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Figure 7.11: Resolution of Dependency Conflicts 

3. Key Conflicts: Different primary keys are used for the same object in dif

ferent user views. For example, Matriculation-N'umber (Matric) and So

ciaLSecurity-N'umber (SSN) may be the keys to the STUDENT entity in two 

different views. Key conflicts can be resolved by applying expert rule 2 of the 

previous subsection. By applying the rule, all candidate keys of the entity are 

identified. Both Matric and SSN are candidate keys of the STUDENT, thus, 

either attribute can be used as a primary key. 

4. Behavioral Conflicts: These arise only when the data model allows for the 

representation of behavioral properties of objects. Behavioral conflicts occur 

when different insertion and deletion policies are applied to the same object 

in different views. Examples of behavioral conflicts are provided below to 

describe three different situations of behavioral conflicts. 

• Entity class is categorizable: 
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Suppose classified employees can work at only one job type, e.g., pro

gramming, but unclassified employees can work at multiple job types. 

In this case, an employee entity has two specialization entities, classi

fied and unclassified. Thus, the two specialization entities have different 

insertion/ deletion policies against jobs. 

• Use of the entity is different: 

When the same entity is used for different purposes, behavioral conflicts 

also may occur. For example, in one view a course entity may be allowed 

to exist without students, whereas in another, deleting the last student 

associated with a course leads to the deletion of the course itself. The 

former use may be for a course catalogue, and the latter use may be for a 

course registration. Thus, they can be defined as similar but distinctive 

entities. 

• Use of the entity is identical: 

When identical entities are used for the same objective but exhibit dif

ferent behavior, one behavior can be identified as an exception case of 

another. In this instance, the exception constraint is attached to the 

entity. If such is not the case, at least one of the uses is incorrect, and 

each user view should be re-analyzed to determine its correctness. 

Resolving conflicts is a non-trivial task. SEM helps a database designer in 

resolving conflicts. However, detecting conflicts is even harder. Although the major 

portion of detection still remains an art rather than a science, SEM helps a user 

in detecting some conflicts and has the potential to provide support to a user in 

identifying other conflicts. The actual conflicts detection scheme using SEM should 

be addressed in future research. 
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7.2.3 Intelligent Mail System 

Because no organization can function without communication, communication plays 

a vital role in enabling any organization to conduct its business. Electronic Mail 

Systems (EMS) have been recognized as an important organizational communica

tion means [Long, 1987]. In this subsection, use of SEM to enhance EMS functions 

is described. 

Most benefits of EMS stem from improvement in intra-organization commu

nications rather than from acceleration of an individual's work. Reduction of tele

phone usage, documentation revision and retyping, and faster mail turnaround are 

identified by Strassmann [1985], Long [1987], and Sumner [1988] as some explicit 

benefits brought about by EMS. Goldfield [1986] reported fewer work interruptions 

and productive reinvestment of time saved by EMS users. Survey results reported 

by Sumner [1988] indicated that EMS increased timeliness of transfer of valuable 

information, improved communication with people in different time zones, and re

placed inter-office memos (less paper work). Higher productivity by users, reduced 

distance barrier, increased creation of temporary and more problem-oriented groups, 

and development of a less bureaucratic communication culture (more active use of 

unofficial communication channels) are among the implications of those benefits. 

However, Roman and Writer [1984] suggest that in order for EMS to be a 

major means of organizational communication, it must have such functions as intel

ligent information gathering and dissemination and support for group communica

tion (conferencing) in addition to mail service. In order to explore the potential of 

EMS, a prototype of knowledge-based electronic mail systems [Higa and Liu Sheng, 

1987] has been developed and studied. 
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7.2.3.1 Formation of a Template using SEM 

Effective representation and inferences of the Organizational Communication (OC) 

knowledge (OC policies and OC structures) are the keys to successful implementa

tion of a Knowledge-based Mail System (KMS). In order to achieve this, the OC 

knowledge first must be acquired, and then must be maintained. Organizational 

communication policies and organizational communication structures are closely as

sociated [Higa et al., 1988]. Organizational communication policies determine and 

are also implemented in OC structures. Thus, each association can be captured and 

represented as a template, i.e., the organizational communication knowledge can be 

represented by a set of templates [Higa and Liu Sheng, 1987]. SEM can be used 

to represent the associations in each template. Because of the ease of its use and 

its powerful semantic expressiveness, SEM makes the construction and the mainte

nance of templates by a database administrator (DBA) and a knowledge engineer 

easier. Figure 7.12 summarizes an example of template formation. 

The organizational communication structure in Figure 7.12, defined using 

SEM, represents a research project group. In this group, there are two types of 

personnel, research members and staff members, working under the project di

rector. Research members comprise researchers and assistants; examples of staff 

members are secretaries and accounting clerks. After the structure was defined, 

official communication policies corresponding to the structure were identified and 

then attached to the structure. In this example, two intra-group communication 

policies and one inter-group communication policy were identified. The structure 

and the policies together formed a template in the OC knowledge. 

Each template can be used to create a distribution list and to control OC 

when communication activities involving organizational members described in the 

template are performed. The structural information part of a template contains 
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" " , STRUCTURE; " 

" " ~ • RESEARC_PROJECT_GROUP conslsls of one (DIRECTOR, ~ 
, SECRETARY, ACCOUNTANT) and many (RESEARCHER, " 
, ASSISTANT). " 
" • DIRECTOR has (RESEARCH_MEMBER, STAFF_MEMBER). " 
~ (RESEARCHER, ASSISTANT) are kind of RESEARCH_MEMBER. ~ 
" • (SECRETARY, ACCOUNTANT) are kind of STAFF_MEMBER. " 

" , 
~ POLICIES: ~ 
, P1: IF (olllclll_mosaago) AND " 
~ (sandaUIIi •• DIRECTOR) OR (recelver_,ltl •• DIRECTOR)) ~ 
, THEN FORWARD TO SECRETARY. " " , 
~ P2: IF (olt/clal_m.ssag.) AND (I.nd.r_'ltl. • ASSISTANT) ~ 
, AND NOT(receiver • RESEARCH_MEMBER) " 
" THEN CANCEL(menag') AND , 
~ DISPLAY(·dlslributlon II canceled by policy 12). ~ 

" " , P3: IF (offlclll_m.llag') AND «sender NOT IN RESEARCH_GROUP) , 
" OR (receiver NOT IN RESEARCH_GROUP)) " 
" THEN FORWARD TO SECRETARY. " 

" " ,,"""""""""""""""""""""",' 
Figure 7.12: An Example of Template Formation 
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characteristics of each position in the organizational structure, such as project name 

and title information (manager, supervisor, etc.) A database query statement can be 

built using this information, e.g., SELECT name WHERE project...name = 'XXX' 

AND title = 'YYY' where 'XXX' and 'YYY' are the actual data values specified by 

the sender. Thus, individual receivers in the distribution list can be extracted (or 

instantiated) from the corporate database. The list may be modified by the policy 

part of the template. For example, if there is an official message from a researcher 

to a director using the template in Figure 7.12, that message will be categorized 

as an official upward communication to the project director. According to policy 

1 in the template, this message also must be sent to the project secretary, so the 

project secretary will be included in the distribution list. Examples of organizational 

communication control are described in the following section. 

7.2.3.2 Management of Organizational Communication Activities using 

Templates 

For purposes of illustration, two organizational communication activities supported 

by the template-based KMS are discussed below. 

Coordination: A project which involves specialized personnel requires coordina

tion efforts among the participants in the project. Thus, the coordination activity 

typically calls for intensive horizontal communication (a special case of the lateral 

communication), i.e., peer-to-peer communication. 

Two obstacles to horizontal communication identified in [Smith et al., 1977] 

are lack of information sharing and absence of a reward structure. The lack of infor

mation sharing, referring to the problem that information is not always shared by all 

relevant participants of the project, is typically solved by two different approaches 

using EMS. According to the first approach, a mail message can be disseminated 
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to all project members, i.e., the broadcasting approach. This approach, however, 

tends to create junk mail. If the messages received are mostly junk mail, users may 

start to pay less attention to broadcast messages. The second approach requires 

each participant to know all other participants' information needs so that informa

tion can be disseminated to all relevant personnel. This approach, however, creates 

an extra memory load for individual users (senders). Furthermore, acquiring and 

maintaining all other participants' individual information needs is next to impos

sible. Thus, a distribution list used by an individual to disseminate information 

will always be incomplete. Using a template-based KMS, this problem can readily 

be resolved. Each participant stores his/her own information needs in a common 

database and these data then are used by the KMS when it instantiates the struc

ture of the template (i.e., formation of a distribution list), thereby reducing junk 

mail and the burden upon users. 

The lack of a reward structure refers to the problem that horizontal commu

nication does not typically lead to rewards. This means that important information 

may not be shared by peers. Current EMS do not provide any effective means to re

solve this problem. A template-based KMS can treat the problem by incorporating 

a horizontal communication policy. For example, implementation of a policy such 

as "Any official messages by horizontal communication must be filed by a project 

secretary," creates official records of horizontal communications which can be used 

to determine individuals' rewards. 

Report: The reporting activity concerns upward communication. Upward commu

nication makes clear whether or not a superior's downward communications, such 

as commands, requests, etc., have been understood and carried out by subordinates. 

Absence of a report or a report that contains misinformation can cause misunder

standing and reduce working efficiency. A template-based KMS has the potential of 
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solving two upward communication problems, distorted information and difficulty 

of access to information, identified in [Planty and Machaver,1952]. Other problems 

are mostly concerned with psychological aspects of human communicators. 

When a report moves up the ladder of an organizational hierarchy, part of the 

report which contain information that might not please a superior may be eliminated 

or changed by subordinates at some levels. Hence, the report may contain distorted 

information when it reaches the final destination. A template-based KMS can 

resolve this problem by attaching a policy, such as "Official upward message is 

not editable," to a template. A report disseminated using this template cannot be 

edited by receivers between the originator and the final destination of the report. 

They may add comments but cannot change the content of the report. 

The second problem, difficulty of access to information, occurs when a middle 

person holds a report, either intentionally or unintentionally, longer than necessary. 

Some reports may never reach the intended destination in the organizational hier

archy. If this phenomenon happens frequently, subordinates (originators of reports) 

may begin to mistrust the upward communication channel and the total volume 

of upward communications will tend to diminish. Consequently, superiors may be 

hampered by misinformation or a lack of information. A template-based KMS, us

ing the structural information in the template, could automatically forward a report 

up to the next level of the organizational hierarchy. In other words, a template

based KMS can facilitate the forwarding of a report, ensuring that it will reach its 

final destination. 

7.2.3.3 Prototype of a Template-based KMS 

The current prototype of the template-based KMS, called EXpert Electronic COM

munication System (EXECOMS), is implemented and partially operational on VAX/VMS 
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using VAX Pascal and the System 1032 database management system. A total of 

thirty-two user profiles are stored in the Corporate Data Base. There are three tem

plates with three organizational communication policies in the Corporate Knowledge 

Base so far. Average response time of each implemented command is slightly less 

than two seconds, excluding the time required to open the database at the beginning 

of each session (but not at each command within the same session). The prototype 

is currently tested by 10 users on a laboratory experiment basis. 

The prototype thus far has a number of limitations, mostly of a technical 

nature that can be overcome given time and resources. One of the limitations is 

that neither the prototype EXECOMS nor the corporate data base is implemented 

as system resident. Resolving this problem is critical to a significant improvement 

of the current prototype, which requires each user to retain a copy of prototype 

EXECOMS and the corporate data base in his/her assigned storage area. This 

causes a delay in opening the corporate data base at each EXECOMS session (about 

10 seconds) and wastes users' disk space. To test the prototype EXECOMS on a 

field experiment base with a relatively large number of users, both components must 

be system resident. 

7.3 Summary 

Some of the future research possibilities related to SEM include: 

• Inclusion of view integration in the process of semantic data modeling using 

SEM 

• Automating database development for hierarchical and network models. 

• Generation of templates (external views) using user views obtained at the 

view integration stage. 
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• Issues of distributed use: the geographical locations of users should be con

sidered in generation and allocation of templates. 

• The performance issue: comparing the performance of the traditional rela

tional operation approach with the SEM method of database processing. 

This dissertation represents only the first step toward full development of 

SEM. Most significantly, much more research on the operations that can be applied 

to a database is needed. SEM structure and substructures can be preserved as tem

plates to facilitate query and update processing of a database, using the embedded 

hierarchical relationships. By storing constraint rules as attached constraints in the 

templates, the database can function as an intelligent database. 

The implementation of SEM templates for intelligent database processing also 

should be examined. Two implementation approaches, procedure oriented and ob

ject oriented, are feasible. According to the procedure oriented approach, each 

template would be interpreted into a set of relational operations and be stored in 

procedural modules. The object oriented approach would treat each SEM entity 

as a frame and use an object oriented language such as Smalltalk or PC-Scheme 

to handle the features, such as flexible entry point, recursive/iterative constructs, 

policy and constraints, of the structure. A comparison of the two approaches is 

displayed in Table 7.1. 

Future research will help us understand more about the learning behavior of 

novice designers (and end users) and will produce a more effective database design 

tool. 

It is too early to tell if SEM offers the best approach to database system 

development. Continued research is required to bring about more effective environ

ments for database development using SEM. However it is certain that SEM will 
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Approach Procedure Oriented Object Oriented 

Principle Modularized relational proce- Frames and classes in a frame-

dure based or object-oriented envi-

ronment 

Advantages Conventional - easier to imple- Achieves the advanced features 

ment of SEM method 

FUlly utilize the functions of a 

DBMS 

Disadvantages The advanced features of SEM New concept 

method cannot be handled 

effectively Performance level is yet to be 

determined 

Table 7.1: A Comparison of Procedure and Object Oriented Approaches 
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enrich data modeling and provide additional opportunities for database designers 

to perform better database system development. 
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Appendix A 

Representation of Relatiol1ships Using S},stem Entity Structure 

System emity structure is a knowledge representation scheme which is composed of 

decomposition, taxonomic, and coupling relationships. These are described in Figure .I, 

adapted from [Sevinc and Zeigler, 1988, page 379]. 

LAN 

(aspect) 

USERS COMMUNICATION-SYSTEM 

III Multiple Decomposition 

USER II Specialization 

I I 
TERMINAL COMPUTER OTHERS 

Decomposition (aspect) 

NODES TRANSMISSION-SYSTEM 

III Multiple Decomposition 

NODE 

Figure .1: A Partial Representation of a LAN Entity Structure. 

The decomposition relationship, also called an aspect, represents the manner in which 

an object is decomposed into components. The aspect relationship also represents op

erations and communications among components. For example, the local area net

work (LAN) in Figure .1 is composed of USERS and a COM:MUNICATION-SYSTEM. 

The COM:MUNICATION-SYSTEM can be further decomposed into NODES and a 

TRANSMISSION-SYSTEM and so on. There is also a special kind of decomposition 
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called a multiple decomposition. In Figure .1, the multiple entities USERS and NODES 

represent entity classes and are decomposed into the individual entities USER and NODE, 

respectively. 

The taxonomic relationship, also called a specialization, represents the kind of variants 

that are possible for an object, i.e., how objects may be categorized or classified. In 

Figure .I, the entity USER has three specializations (classification schemes) TERMINAL, 

COMPUTER, and OTHERS. 

The coupling relationship represents how components can be put together to construct 

a model. A configuration of a system and communication links among components of 

the system are represented by this relationship. For example, in a LAN model con

struction, NODES are coupled with a particular TRANSMISSION-SYSTEM to fonn 

a COMMUNICATION-SYSTEM, and then the USERS of the COMMUNICATION

SYSTEM (TERMINAL, COMPUTER, etc.) are coupled to the NODES of the system. 

Actual coupling operations are guided by the design objectives and structural constraints. 

The proceeding description covers only those system entity structure representations 

and functions which are related to the scope of this dissertation. The complete description 

of SES can be found in [Zeigler, 1984]. 
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Appendix B 

An Employer Job Order Form 

JOB ORDER FORM 
page 1 

Company Description Office No.: -----
Representative NO.: _____ _ 

Company Number: _______ _ 

Company Narne: ___________________________ ___ 

Address: ____________________________ ~-------
(street) (city) 

(state) (zip) 

Contact Person: ____________________________ ___ 

Telephone: ________________ __ 

Foundation Year:, __________ _ Number of Employees: _____ _ 

Industry: _____________________________________ ___ 

Capital: $ ____________ __ 

Last Year's Volume of Sales: $ ___________ __ 



JOB ORDER FORM 
page 2 

Order Description Office No.: ________ __ 

Representative NO.: ________ __ 

Order Number: ______________ __ Company Number: ____________ __ 

Job Title: ____________________________________________________ __ 

Number of Positions: 

Job Description: ____________________________________________ ___ 

Qualification: ______________________________________________ ___ 

Location Address: 
--------~(-c~~·t~y~)--------~(s-t~a~t-e~)~ 

period: ______ ~------------~--~-------
(start) (end) 

Pay/Period: $ __________________________ __ 

Benefits: __________________________________________________ ___ 

Cornment: ____________________________________________________ __ 

181 
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Appendix C 

An Applicant Registration Form 



REGISTRATION FORM 

Office No.: ________ _ 

Applicant Number: ______________ _ 

Name:------~(l~a-s~t~)------------~(~f~ir-s-t~)~----~(~M~I~) 

Address: 
--------~(-s~t-r-e-e~t~)--------------------~(c-~~·t-y~)~-------

Telephone: ______________ __ 
(state) (zip) 

RESUME 

Applicant No.: ____________ __ Office No.: __________ _ 

Birth Date: ------------ Degree: ______________ _ 

Last Ernployer: ____________________________________________ ___ 

Job Title: ------------------------
Experience(last 5 years) : ______________________________________ __ 

License: ________________________________________________________ __ 

Reference: ------------------------------------------------------

183 
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Appendix D 

An Employer Job Offer Form 

JOB OFFER FORM 

Office No.: __________ _ 

Representative No.: __________ _ 

Offer Number: ______________ __ 

Order Number: ______________ _ Company Number: ____________ __ 

Company Narne: ______________________________________________ ___ 

Applicant Number: ________ _ 

Narne:------~(7l-a-s~t~)------------7(f~~~·r-s-t~)~------~(M~I~)--

Job Title: 

Job Description: __________________________________________ ___ 

Location Address: 
--------~~~~--------~----~ (city) (state) 

period: ____ ~----~--------~~~------
(start) (end) 

pay/Period: $ ________________________ ___ 

Benefits: ---------------------------------------------------
Cornrnent: __________________________________________________ __ 



MIS Department 
University of Arizona 
February, 1988 

Appendix E 

Pre-test Questionnaire 

Please note: The information collected from this questionnaire 
will be used for statistical analysis by the MIS Department 
research personnel at the University of Arizona. 
Your identity will remain confidential. 
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Please read all instructions carefully, and answer all the appropriate 
questions. Your cooperation is very much appreciated. 

Student Narne: ________________________ __ 

Matric Number: ________________ __ 



W. would like to have .om. general information about you, .nd your 
experianca with d.t. b ••••• 

1. What i. your current el ••• lavel? 

Jun.ior Sanior Or.duat. 

2. Wh.t is your major? _____ _ 

3. OPAl 

0-2.24: __ 2.25-2.74: __ 2.75-3.24 __ 3.25-4.0: __ 

Pl.ase respond to the follow.ing questions, provid.ing detail.d 
informAt.ion where .ppropr.iate. 

4. Have you .ver designed a data base (DB)? 

Yes: __ HO: __ 

If HO, please .kip to question 8. 

5. How long has it been since you FIRST designed DB (y.ars)? 

Less than 1 year:__ l-Less th.n 2 years: __ _ 

2-Less than 3 ye.rs:___ Greater than 3 years: __ 

6. How many DB des~gn huve you had during the past year? 

1-2:_ 3-4:_ 5-6:__ Hore than 6: __ 

7. How many times have you used a relational data model? 

0-1: __ 2-3: ___ 4-5:___ Hore than 5: __ 

8. How many .y.tern .nalysis/design cour.es (.including prof ••• ional .amin.rs 
and exclud~ng thi •• ernester) have you taken? 

None:_ 1-2: ___ 3-4: ___ Hore than 4: ___ 

9. If you hive taken more than one cour •• , plaase li.t the courses taken: 
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10. How many .y.tam analy.i./d •• ign ~.lated cou~ ••• (including thi. cour •• ) 
are you currently taking? 

l-2:___ 3-4:___ Hare than 4: __ _ 

11. Have you ever d.alt with Data Ba •• • y.tema? 

Yes: __ _ (if No, .kip to qu •• tion 13) 

12. In what capacity? 

Oser:___ Designer: __ _ 

Other (pleaa~ .pecify): __________________ ___ 

13. Do you know the Entity Relationship diagram? 

Yes: __ _ No: __ _ 

14. If your answer to question 13 ia Yes, then have you ever u.ed the Entity 
Relationship diagram for ay.t~ design? 

Ye.: __ _ No: __ _ 

If Yes, please describe your use: ______________________________________ __ 

15. Did you know the relational-model? 

Yes: __ _ No: __ _ 

16. If Yes to question 15, then have you ever u.ed the relational~odel 
for DB deSign? 

Yes: ___ No: __ _ 

If Yea, ple.se describe your u.e: ______________________________________ ___ 
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Th. following qu.ationa .re .elf e •• luation of your .kill., abilities .nd 
int.r.at. in de.ling with ay.tema'.n.ly.is/d •• ign. Pl •••• use the .c.le 
provided, .nd CIRCLE the number th.t most clo.ely reflect. your point of 
.iew. 

17. In te~ ot .ystems .n.ly.i./~esign, do you consider your .elt: 

Very Knowledgeable 1 2 3 4 5 6 7 Hot knowledgeable 

18. In your chosen protession, do you think that you will: 

Design .yatems often 1 2 3 4 5 6 7 Hever deSign .ystems. 

19. How would you describe your experiences with the systems 
analysis/design. 

Very positive 1 2 3 4 5 6 7 Very neg.tive 

20. Describe your quantitative .kills? 

Very good 1 2 3 4 5 6 7 Very poor 

21. How do you teel about learning the systems .nalysis/design? 

Very enthusiastic 1 2 3 4 5 6 7 Not enthu.iastic 

22. Ue.cribe your .y.tame analY'i./de~ign abilitie •• 

V.ry good 1 2 3 4 5 6 7 very poor 

23. How often do you .n.lyz •• nd/or design .y.tems? 

S.ldom 1 2 3 4 5 6 7 Frequ.ntly 

24. Do you tind it .asy to learn .y.tems .nAlysis/design techniqu •• ? 

Y.s 1 2 3 4 5 6 7 No 

25. How •• sy or difficult to l •• rn .y.tems .n.lysis/design techniques? 

very difficult 1 2 3 4 5 6 7 Very e.sy 
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26. Are textbooks sufficient for you to learn a new eyet~ analyeia/design 
technique? 

rei 1 2 3 t 5 6 7 No 

27. How often have you analYle and design an information eyetem? 

Frequently 1 2 3 t 5 6 7 Seldom 

28. How often do you aSlist people regarding the systems analysis/design. 

Frequently 1 2 3 t 5 6 7 Seldom 

2P. How otten do you ask for help from others regarding the eystems 
analysis/design? 

Frequently 1 2 3 4 5 6 7 Seldom 

Thank you very much for your time and cooperation. 
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MIS Department 
University of Arizona 
February, 1988 

Appendix F 

Post-test Questionnaire 

Please note: The information collected from this questionnaire 
will be used for statistical analysis by the MIS Department 
research personnel at the University of Arizona. 
Your identity will remain confidential. 

f0: Ltw k:t t~ 
Kunihiko Higa ~ 
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Please read all instructions carefully, and answer all the appropriate 
questions. Your cooperation is very much appreciated. 

Student Narne: ________________________ ___ 

Matric Nurnber: ________________ __ 



Please use the scale provided, and CIRCLE the number that most closely 
reflects your point of view. 
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Question 1-7 pertains to the general nature of the task assigned to you. 

1. In general, how would you describe your experience in completing 
the task assigned? 

Very enjoyable 1 2 3 4 5 6 7 Very frustrating 

2. The task was: 

Much too easy 1 2 3 4 5 6 7 Much too difficult 

3. How satisfied were you with your performance of the task? 

Unsatisfied 1 2 3 4 5 6 7 Satisfied 

4. Was the process for obtaining solutions for your task: 

Efficient 1 2 3 4 5 6 7 Inefficient 

5. Time taken for obtaining a solution for your task was: 

Reasonable 1 2 3 4 5 6 7 Unreasonable 

6. While completing the task I: 

Understood what was needed 1 2 3 4 5 6 7 Was completely confused 

7. While completing the task I was: 

Not frustrated 1 2 3 4 5 6 7 Very frustrated 



Questions 8-X relate to your experience with the technique you used: 

8. Based on your experience, the technique was: 

Easy to learn 1 2 3 4 5 6 7 Difficult to learn 

9. Do you feel confident about using the technique for schema design? 

Yes 1 2 3 4 5 6 7 No 

10. How confident were you about the solutions? 

Very confident 1 2 3 4 5 6 7 Not confident 

11. In your opinion, the technique was: 

(for part I) 
Very easy to use 1 2 3 4 5 6 7 Very difficult to use 

(for part II) 
Very easy to use 1 2 3 4 5 6 7 Very difficult to use 

12. If faced with a similar task in the future, would you used this 
technique? 

Yes 1 2 3 4 5 6 7 No 

13. If given the choice between the Relational-model and the Entity 
Relationship diagram, which would you prefer? 

Prefer Entity 
Prefer relational-model 1 2 3 4 5 6 7 Relationship diagram 
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14. If given the choice among the Relational-model and the System Entity 
Structure diagram, which would you prefer? 

Prefer System Entity 
Prefer relational-model 1 2 3 4 5 6 7 Structure diagram 

15. If given the choice among the Entity Relationship diagram and 
the System Entity Structure diagram, which would you prefer? 

Prefer Entity 
Relationship diagram 1 2 3 4 5 

Prefer System Entity 
6 7 Structure diagram 

Please use the back of this page to give any suggestions regarding 
the task, or your experience with this experiment. Any additional 
comments would be most helpful. 

Thank you very much for your time and cooperation. 
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Appendix G 

Experiment I: Design Problem 

Experiment I: SEM-diagram 

Please ansl1t'er PART I using only the SEM-diagram tech-

. 
nlque. 

Name: 

Matric: 
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PART I. 

ABC construction company currently uses a traditional file processing system. Under the 
current system, each office owns several independent files. Thus causing a great amount of 
duplicated and inconsistent data, not to mention the expensive software maintenance costs. The 
president of ABC Co. finally decided to coven the current systems to the data base systems. As 
a data base systems analyst, Mr. Smith, first, analyzed the current file systems. The followings 
are data items he identified from one of office files. Given these data items and their description 
below, he asked his assistant (that is you!) to come up with a set of relational schema, at least 
in 4NF. 

D k db" .. ata names mar -e y • are uruque. 
Data Name Description 

PJD. project id number 

MgrJD* project manager id number 

Mgr project manager name 

Bgt project budget 
-

AcctJD· project accountant id number 

Acct project accountant name 

Loc project location 

PtJD* part's id number 

Pt..Nam part's name 

PLDscr part's description 

Pt..Pr part's price 

Pt_Qty part's quantity on hand (inventory) 

SJD. supplier id number 

S..Addr supplier's address 

S..Ph supplier's phone number 
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Additional infonnation related to these data items: 

Each project has one manager, one accountant and single location. Each location may have 
more than one project. Although a manager works for one project, an aCl'ountant may work for 
multiple projects. Suppliers supply different parts, and each supplier has its own parts-pricing 
system. Each project uses many different parts which may be supplied by multiple suppliers. 
Given a part and a project there is exactly one supplier. 
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PART II 
Suppose the following changes are requested by the company. Modify your relational 

schemas if they are not complete and correct according to these changes. 

Changes: 

• Multiple suppliers can supply the same parts to a project, i.e., same parts used in a project 
may have different prices if they are supplied by multiple suppliers . 

• There will be two accountants (one senior and one junior accountant) for each project. A 
senior account may work for multiple projects, a junior accountant, however, works only 
for one project. 
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Appendix I 

Experiment I: A Sample Solution Using LRDM 
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Appendix J 

Experiment II: Design Problem 

Experiment II: SEM.diagram 

Please design a schema using only the SEM-diagranz tech-

. 
nlque. 

Name: 

Matric: 
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Define a complete set of relations. 

Data Name Description 

UJD User ID number 

U.Addr User address 

VJD Vendor ID number 

V..Nam Vendor name 

EJD Equipment type code number 

E.J)escr Equipment description 

RJD Repainnan ID number 

R.Phone Repairman's phone number 

D..Price Discount price of an equipment to a given user 

RE..Num Number of equipments being repaired 

S-Rep Vendor's sales representative ID number 

Additional information related to these data items: 

Each vendor deals with multiple types of equipment. A user can purchase any type of 
equipment from more than one vendor. Each vendor may have different discount prices of an 
equipment for different users, i.e., the discount price of the same equipment by the same vendor 
to user A may be different from the discount price to user B. Given a vendor and a user there 
is one sales representative. Each vendor can sell any equipment to any users. Each user may 
have more than one equipment of the same type. Although, all repairmen can repair all types of 
equipments when an equipment needs to be repaired, a user asks a specific repair man to repair 
it. 
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